INFLUENCIA DEL PATRON DE ALIMENTACION Y DE
FACTORES DIETETICOS EN EL LUPUS ERITEMATOSO
SISTEMICO (LES)

Gabriela Pocovi Gerardino
Tesis Doctoral
Programa de Doctorado en Medicina Clinica y Salud Publica
Facultad de Ciencias de la Salud
Universidad de Granada

Granada, 2020



INFLUENCIA DEL PATRON DE ALIMENTACION Y DE FACTORES
DIETETICOS EN EL LUPUS ERITEMATOSO SISTEMICO

THE IMPACT OF EATING PATTERNS AND DIETARY FACTORS IN
SYSTEMIC LUPUS ERYTHEMATOSUS

Esta tesis doctoral ha sido realizada bajo la direccion y tutela de:
Blanca Rueda Medina

Norberto Ortego Centeno



Editor: Universidad de Granada. Tesis Doctorales
Autor: Gabriela Pocovi Gerardino

ISBN: 978-84-1306-762-9

URI: http://hdl.handle.net/10481/66643



http://hdl.handle.net/10481/66643




Memoria presentada por D? Gabriela Pocovi Gerardino para optar por el

grado de Doctora por la Universidad de Granada.

El presente trabajo ha sido realizado bajo la supervision de la Dra. Blanca

Maria Rueda Medina y el Dr. Norberto Ortego Centeno.

El proyecto de investigacion presentado ha recibido financiacion de la
Consejeria de Salud de la Junta de Andalucia (Provecto Lupus v Dieta

Mediterranea “LYDIMED” — PI-0523-2010).






AGRADECIMIENTOS

A mi madre, por abrazarme en mis momentos de incertidumbre y
confusion, por ensenarme a ser compasiva y vulnerable y a perdonar

todos mis fallos....

A mi padre, por sostenerme y empujarme a creer en mi, por ensenarme

a ser valiente y resiliente...

A mis amistades mas cercanas Ro, Mari, Dani, Jesus, Sergio y aquellas
que siempre llevo en mi corazon Yasmin, Mariemy, Maro, Pablo; por ser

guias y acompanantes en este camino...

Ala Dra. Maria Correa, a quien admiro por su tenacidad y motivacion al
logro en el trabajo y en la vida, por ensenarme y compartir conmigo tu
espiritu investigador, y porque mas que mi companera de trabajo te has

vuelto una gran amiga...

Ala Dra. Blanca Rueda, de quien he aprendido el fascinante mundo de la
investigacion y quien con mucha pacienciay comprension me ha guiado

por este camino, gracias maestra...

Al Dr. Norberto Ortego, a quien admiro por su capacidad humanay de
entrega por el mundo. Gracias por confiar en mi desde el primer minuto,

gracias por darme la oportunidad de poder emprender este camino



cuando muchas puertas se habian cerrado. Porque gracias ti, hoy estoy

aqui...

Atodo mi grupo de investigaciony del equipo Lydimed, José Luis, Raquel,
Mariay Gracia por haberme ayudado y apoyado en este arduo camino de

la investigacion, siempre entre risas y cafés...

A mi familia, que, aunque lejos, siempre puedo sentir cerca. Abuelos y
abuelas, tios y tias, padrinos, primos y primas, hermano, cuni y sobri
gracias por estar alli siempre, algunos en el cielo y otros en la tierra,
pero siempre en mi corazon. Gracias por demostrarme que el amor, no

entiende de fronteras...

A mi pais, Venezuela, por sentar las bases de mi educacion y mis primeros
valores, espero algun dia verte libre, visitarte de nuevo y devolverte

mucho de lo que ti me has dado...

A Granada y a Espana, mi segundo pais, por abrirme las puertas y
recibirme con los brazos abiertos. Gracias por hacerme sentir siempre

COImo €en casa...

Alaviday a mi Dios, por demostrarme que no existen fronteras cuando
se quiere, cada piedra y cada curva en el camino es una prueba para

seguir creciendo...









indice

L INTRODUCCION «..cooeeeriernseeseeeesesesssesssssssssssssssessssssssssssessssssssssssssssnns 35
1. EL. LUPUS ERITEMATOSO SISTEMICO .eoveevveeemneeeeenmseseeeesseseesessnes 37
L1 GEINETALIAAAECS ..ottt ettt e et et e et eeaeeeaeeenes 37
1.2. Etiopatogenia del LES ..ot 38
1.3. Criterios diagnosticos y clinicos LES.......ocooeveeeeeeevereenenenen. 42
1.3.1. DIagnostico del LES......oov oo 42

1.3.2. ACTIVIAAd @I LES...oaeeeeeeeeeeeeeeeeeeeeeeee e eeeeseeeeseaeens 44

1.3.3. Dano acumulado en €l LES......ooooieooieeeeeeeeeeeeeeeeeeeeeeeeeene 45

1.4. Indicadores y determinaciones ttiles en el manejo del LES..... 45
1.4.1. Anticuerpo anti-dSDNA.........cooiveeieereeeeeeeeeeeeeeeeeeenean 45

1.4.2. Velocidad de sedimentacion globular (VSG).........ccveue..... 46

1.4.3. Proteina C reactiva (PCR)....eeveeeeeveeeeeeeeeeeeeeeeeeeeeeeeeesesnens 46

14 HOIMOCTSTOIIIA .ot ee e e e eeeeeeeseeaeas 47

1.4.5. COomMPIEMENTO (C)..evivieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 47

1.5. Manejo clinico del LES ..ot 48



1.6. Morbimortalidad y enfermedad cardiovascular en el LES......... 50

1.7. Estado nutricional en pacientes con LES ........ccooevivieveveeniennen. 54
2. FACTORES NUTRICIONALES, MICROBIOTAY AUTOINMUNIDAD.... 56
2.1, FIDTA DIETETICA .ttt e e eeaeene 58
2.2 SALe ettt e e et eete e te et e e ae e teeae st e et e e e ennee 59
2.3. Microbiota y autoinmunidad ...........ccoeeeieevivevieiineeecreeeeeennens 61

2.3.1. Relacion dieta - microbiota intestinal: impacto en el proceso

inflamatorio y autOINIMUINE. .........cc.ovvivveiieeieeecreeeeeeceeeee e 07

3. DIETA MEDITERRANEA ... 71
3.1. Conceptos y generalidades.........ooeveeveveeeeerecreneceeececeeeereevenne 71
3.2. Composicion y beneficios de la dieta mediterranea.................. 72

3.3. Dieta Mediterranea, inflamacion y enfermedades cardio-
TNLETADOLICAS et e et e e e eeee e e eeaeeeeeaeseeseeseeeeeenens T4

3.4. Dieta Mediterranea y autoinmunidad ..........ccocovvevveiiveeneennnne. 81

3.4.1. Factores nutricionales caracteristicos de la DM y

AULOINMUNIAA.....eccvieieeicececceeeeeceeee e 84
3.4.1.1. Aceite de oliva virgen extra (AOVE) y sus fenoles..... 84
3.4.1.2. POLECINIOLES ..ot 85

3.4.1.3. ACIAOS ETASOS.cvvreereereeeeeeereeseeeseeeeeseeseeseseseaseeseaseeseeseenes 88



I1. JUSTIFICACION, OBJETIVOS Y DISENO EXPERIMENTAL .................. 03

L JUSTIFICACION oot ee e eeeeee st s e s e e s seeseaseseeseseans 05
2. OBJETIVOS oottt ettt et sae st et sae st e s saasnnens 07
2.1. ODJEtiVO ZENETAL ...t 07
2.2. ODJELiVOS ESPECIICOS. c..evvieieieieceeeietcecee e 07
3. DISENO EXPERIMENTAL w.ccourvtmreeneeeneeeneeeseeesseensseessesssessssssesssessans 99
3.1. Poblacion de eStudio.........cceeeeeueieeininieieieceeee e 100
3.2, PrOCEAIMICIITO .. ettt ettt e e eeeeeeesaeeeaeeas 100

3.2.1. Documento de recogida de datos sociodemograficos y

ClINICOS (ANEXO0 5)..evviniriieeieceeeeee ettt sans 101
3.2.2. Valoracion antropomeétriCa... ... eeeeeeeeeeeeeeeeeeeeeeeeen, 102
3.2.3. Recordatorio de 24 Noras.......oocveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 102

3.2.4. Cuestionario de adherencia a la dieta mediterranea (DM)... 103

3.2.5. ACHVIAAA fISICA et eees e e e s s s s eseees 104
3.2.6. Valoracion del riesgo cardiovascular..............coeceeeecerecerecnne. 105
3.2.6.1. HADITOS TOXICOS - vuvueereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseesessssssssaens 105
3.2.6.2. PreSiOn arterial. ... .o oo eeeeeeeseeeesenes 105

3.2.6.3. Indice tobillo-brazo (ITB)...eeeeeeeeeeeeeeeseeeeseeeesseeeesseeens 105



3.3. ANALISTS ESTAAISTICOS eveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseesseseeseennens 106
TT1. PUBLICACIONES ..ot eeteeeeeeeeeetneeeeessssennnssssesssnsnnnssessssssnnnsesesseen 109

1. Dietaryintake and nutritional status in systemic lupus erythematosus
PALIEIILS ettt ettt er e s st e s essesbeeseensebeessensenns 111

2. Diet Quality and High-Sensitivity C-Reactive Protein in Patients
with Systemic Lupus Erythematosus. .......cceeeeeveeveveeeecececeeeveeeeeenes 131

3. Dietary inflammatory index (DII®) and cardiovascular risk markers
in woman with systemic lupus erythematosus........ccceeveeevecvecvennnee. 155

4. The Relationships of High-Sensitivity C-Reactive Protein and
Homocysteine Levels With Disease Activity, Damage Accrual, and
Cardiovascular Risk in Systemic Lupus Erythematosus..................... 187

5. The Prognostic Nutritional Index and Nutritional Risk Index Are
Associated with Disease Activity in Patients with Systemic Lupus
00 a1 0T 4 01 (0 1S] | OO 215

6. The impact of obesity on disease activity, damage accrual,
inflammation markers and cardiovascular risk factors in systemic
TUpUS erytREMATOSUS ..oveeeveeieeieeeeeececcteeeeeeec et ens 225

7. Beneficial effect of Mediterranean diet on disease activity and
cardiovascular risk in Systemic Lupus Erythematosus patients: a
CroSS-SECtiONAl STUAY....covvevirieeieiieeceeccteeeeeeeee et 247

IV. RESUMEN DE RESULTADOS Y DISCUSION......cooovveereerrerrerereerreeenens. 277

1. Evaluacion de los habitos alimentarios y el estado nutricional de los
pacientes con LES (DUDLICACION 1) ...vuivveeiveeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeene 280



2. Relacion entre la calidad de la dieta, riesgo cardiovascular y
marcadores de inflamacion en pacientes con LES (publicaciones 2y 3)

3. Influencia del estado nutricional de los pacientes con LES sobre los
marcadores de inflamacion, indices de actividad (SLEDAI) y dano (SDI)
(DUDLICACIONES 4, 57 0).vieeeieieiieeieeeeteeteereseeseet et esessessessesseseessesessens 286

4. Papel dela Dieta Mediterranea en los pacientes con LES: relacion con
los indices de actividad (SLEDAI), dano (SDI) y riesgo cardiovascular

(DUDICACION 7) 1ttt 206
V. CONCLUSIONES ...ttt e eeeeanreesssssasneeeessssseessssssnnnes 303
VI PERSPECTIVAS A FUTURO ...ou.oooveeeeeeeeeseeveseseessssesssessssssssssssssnsnens 307
VIL. REFERENCIAS BIBLIOGRAFICAS........ovovveeeeeeeveereeeeeseseeeesessseenseenens 313
VIIL ANEXOS ..oooooevereeeeeeeseeeessesseeessesssasssssssessssss s sssssasssssssasssssssasssanees 359

Anexo 1. Criterios SLICC (Systemic Lupus International Collaborating
CHIECS) JACR ottt ettt ettt tee e eeteeaes e et saesssesessesseensessesaesnsenes 361

Anexo 2. Indice de actividad lipica SLEDAI-2K (Systemic Lupus
Erythematosus Disease Activity IndeX 2000)......c.cocoevevveveveeveernennene. 362

Anexo 3. Indice de dafio acumulado para el Lupus Eritematoso
SISEEMICO (SLICC/ACR)..eieeeeeeeeeeeeeeeeeeeeeeeeeeeeereeveeeeseeeesesteessesesseseenenes 363

Anexo 4. Consentimiento informado dirigido al paciente-
PATTICIPAIIEC. ..o ceveveceeeeeeteeteeeteet ettt et et s e reeseens e seessensentens 365

Anexo 5. Documento de recogida de datos sociodemograficos y
ClINICOS. ottt ettt s e aene 367



Anexo 6. Documento de recogida de registro de comidas y bebidas
de 25 horas, habitos toxicos, antropometria y estimacion de riesgo
CATIOVASCUIAT.......cveevietereereeeeeece ettt a e s 369

[o{0) | 7 O STRRRR 372
Anexo 9. Otras publicaciones del doctorando............cccceevevvevenennnnee. 373
Anexo 10. Comunicaciones a CONETESOS.....uuiuiiriirreerreereerreereeesreesreens 374

Anexo 11. Certificado de COmité de FHiCa...mmmerrererereeeeeeeeeereresenas 376



indice de figuras

Figura 1. Patogenia del lupus eritematoso sistémico (LES)...........c.o........ 41

Figura 2. Mediadores de la disfuncion endotelial en enfermedades
inflamatorias y aUlOINIMUNES.........c.ooveveeeeereereerereececeere e 53

Figura 3. Factores dietéticos y su relacion con la autoinmunidad.......... 57

Figura 4. Mecanismos por los cuales los microbios contribuyen al inicio o
la gravedad de la autoinmunidad..............ooeveeveeieieieieieeeeeeeeeeeeenne 04

Figuras. Composicion delamicrobiotay surelacion conlas enfermedades
AULOINIMUNES SISLEINICAS. .....verereeecverererereteieeece ettt 06

Figura 6. Fibra dietética, acidos grasos de cadena corta y homeostasis

INEESTNAL .ttt 68
Figura 7. Rol de los macrofagos en la aterosclerosis........oeeeeevevevnnee. 77
Figura 8. Rol de los linfocitos T en la aterosclerosis........ccoeeeeveeveveneenee. 78
Figura 9. Inflamacion cronica en la insulinorresistencia......................... 79

Figura 10. Diversos mecanismos por los cuales la dieta mediterranea
podria influenciar en el desarrollo de enfermedades inflamatorias y
AULOIIIIIUIIES ....veeeeeeeeeeeeeee ettt eeteeesar e et eesareesateesasesssessaseesssessasessssessssesssens 83

Figura 11. Principales puntos de accion propuestos de los polifenoles en
enfermedades AULOININUNES..........cevvereereriereeereeereeereeere e ene s eaenees 86

Figura 12. Mecanismo de accion de los acidos grasos provenientes de la
dieta SODTE 1aS CEIULAS Tu....eoovieieeeieeeeeeeeeee ettt 90

Figura 13. Diseno experimental seguido en el desarrollo de la presente
TESIS DIOCTOTAL ..ottt et e et e e e e e e e eae s e e e eaeesaeeenaeanens 09






Abreviaturas

ACR Colegio americano de reumatologia

ADN acido desoxirribonucleico

AECA Anticuerpos anti-células endoteliales

AGCC acidos grasos de cadena corta

AINEs Antiinflamatorios no esteroideos

ANA Anticuerpo antinuclear

Anti-dsDNA anticuerpo anti ADN de doble hélice

AOVE aceite de oliva virgen extra

APLA Anticuerpos antifosfolipidos

AR Artritis Reumatoide

ARN acido ribonucleico

AZA Azatriopina

BF'S bacterias filamentosas segmentadas



BMB Belimumab

C3 Complemento C3

C4 Complemento C4

CDs, células dendriticas

COX ciclooxigenasas

(CPAs células presentadoras de antigenos

CT colesterol total

CYC Ciclosporina

DM 1 diabetes mellitus tipo 1

DM Dieta Mediterranea

ECV Enfermedad Cardiovascular

EIl enfermedad inflamatoria intestinal

EM Esclerosis multiple

eNOS Oxido nitrico sintetasa endotelial



ERK-1/2 quinasas reguladas por senal extracelular

EULAR Liga europea contra el reumatismo

GC Glucocorticoides

GV Grasa visceral

HCY Homoscisteina

HDL lipoproteinas de alta densidad

ICAM-1 Molécula de adhesion intercelular-1

IFN Interferon

IL interleuquina

ILCs células linfoides innatas

IMC Indice de masa corporal

iNOS 6xido nitrico sintetasa

IPAQ Cuestionario internacional de actividad fisica

ITB Indice tobillo brazo



JAK/STAT Janus-Quinasas

LDL lipoproteinas de baja densidad

LES Lupus eritematoso sistémico

LOX lipoxigenasas

LPS lipopolisacarido bacteriano

MAPK protein quinasas MAP

MFM Micofenolato de mofetilo

MMP-3 metaloproteinasa 3 (MMP-3),

MTX Metrotexato

MUFAs, acidos grasos monoinsaturados

NaCl cloruro de sodio

NF-xB Factor nuclear potenciador de las cadenas ligeras kappa de las
células B activadas

Nox1 NADPH oxidasa 1

OA Osteoartritis



ON oxido nitrico

P38 / SAPK proteinas quinasas activadas por estrés

PA Presion Arterial

PAD Presion Arterial Diastolica

PAI-1 factor activador de plasmindgeno 1

PAS Presion Arterial Sistolica

PBMC células de sangre periférica

PCR Proteina C reactiva

PGE Prostagladinas

PI3K / Akt fosfatidilinositol 3-quinasa / proteina quinasa B

PLA 2 fosfolipasa A2

PREDIMED Prevencion con Dieta Mediterranea

PUFAs acidos grasos poliinsaturados

Rec 24 h Recordatorio 24 horas



RNS, especies reactivas de nitrogeno

ROS Especies reactivas de oxigeno

RTX Rituximab

SDI Indice de dafio

SFAs acidos grasos saturados

SLICC Indice clasificatorio del lupus eritematoso sistémico

TAT complejos trombina-antitrombina

TG triglicéridos

TNF-a Factor de necrosis tumoral alfa

Treg T reguladores

VCAM-1 Molécula de adhesion celular vascular-1

VSG Velocidad de sedimentacion globular

25-OH VitD 25 hidroxi vitamina D



INFLUENCIA DEL PATRON DE ALIMENTACION Y DE FACTORES
DIETETICOS EN EL LUPUS ERITEMATOSO SISTEMICO

RESUMEN

El lupus eritematoso sistémico (LES) es una de las enfermedades
autoinmunes mas representativas caracterizada por una afectacion
multiorganica, de cursoclinicovariableyconunaelevadamorbimortalidad
relacionada con su evolucion, complicaciones asociadas (enfermedad
cardiovascular o nefritis lapica, entre otras) y con los efectos secundarios
inducidos por los actuales esquemas de tratamiento. La causa exacta
del lupus ain se desconoce, pero se sabe que resulta de la interaccion
entre factores genéticos, hormonales, inmunoldgicos y ambientales
(exposicion arayos UV, toxicos, estilo de vida) que danlugar aunarepuesta
autoinmune cronica, marcada por la produccion de autoanticuerpos e
inmunocomplejos capaces de afectar a practicamente cualquier organo

o tejido.

La alimentacion y el estilo de vida juegan un papel fundamental
en el desarrollo, mantenimiento y funcionamiento de las células del
sistema inmunitario. La calidad de la dieta y sus factores nutricionales
podrian ejercer un importante papel inmunomodulador debido a su
capacidad de generar cambios en el metabolismo, en la diversidad de
la microbiota intestinal, en los niveles de inflamacion y en el propio
sistema inmunoldgico. En esta linea, esta ampliamente avalado que la
Dieta Mediterranea (DM) ejerce un efecto protector frente ala aparicion
de numerosas enfermedades cronicas con un marcado componente
inflamatorio (diabetes tipo II, obesidad, riesgo cardiovascular vy

cancer). En estudios recientes realizados en patologias como la artritis



reumatoide (AR), la osteoartritis (OA) y la esclerosis multiple (EM) se esta
demostrando también que el estilo de vida y la adopcion de patrones
de alimentacion saludables como la DM podrian impactar positivamente
en las enfermedades autoinmunes. Sin embargo, hasta la fecha existen
pocos estudios que hayan investigado el impacto de la alimentacion
sobre el LES y en concreto, y hasta donde llega nuestro conocimiento,
ningun estudio ha investigado la influencia del patron de alimentacion y
de la DM en el LES.

Considerando la capacidad de ciertos factores dietéticos en
general y de la DM en particular, de ejercer efectos beneficiosos sobre
enfermedades cronicas y autoinmunes, se plante6 como objetivo general
de la presente tesis doctoral investigar la influencia de diversos factores
dietéticos y del patron de alimentacion en el LES.

Los resultados obtenidos revelan que de forma general que,
el patron de dieta en pacientes con LES se caracteriza por ser de tipo
occidental, con baja ingesta de fibra dietética, grasas antiinflamatorias
y micronutrientes esenciales (calcio, iodo, magnesio, acido folico o
vitaminasA/D), asicomo altaingesta de carnesygrasas refinadas, aspectos
de gran relevancia teniendo en cuenta el alto riesgo de malnutricion,

infecciones, osteoporosis y enfermedades cardiovasculares en el LES.

Por otro lado, se encontro que los pacientes con un tipo de dieta
proinflamatoria determinada a través del Indice Inflamatorio de la dieta
(IID®) presentan un perfil lipidico menos favorable. Sin embargo, no se
observaron asociaciones significativas entre la dieta, factores dietéticos,
IID® y marcadores de inflamacion como la proteina C reactiva (PCR) o la

homocisteina (Hcy). Adicionalmente, observamos que los niveles de estos



dos marcadores proinflamatorios se correlacionan significativamente

con un mayor riesgo cardiovascular en los pacientes con LES.

Otro hallazgo de relevante fue que los pacientes con LES que son
obesos presentan significativamente mayores indices de actividad de la
enfermedad (SLEDAI), acumulacion de danos (SDI) y niveles mas altos de
PCR, triglicéridos (TG) y presion arterial (PA) con respecto a individuos
en categorias de sobrepeso o normopeso. De forma similar, el estado
inmuno-nutricional medido a través de indices de objetivos como
el Prognostic Nutritional Index (PNI) v el Nutritional Risk index (NRI),
se relaciono también con la actividad del LES (SLEDAI) y en concreto
el NRI también con el dano acumulado (SDI). De esta forma, nuestros
hallazgos sugieren que el estado antropométrico, nutricional y el nivel
de inflamacion podrian estar influyendo sobre los indicadores clinicos

de actividad, acumulacion de danos y riesgo cardiovascular en el LES.

Tras analizar por primeravez el papel delaadherenciaala DM en el
LES, se ha evidenciado que los pacientes con una mayor adherencia a este
patron de alimentacion tenian mejores perfiles antropométricos, menor
riesgo cardiovascular y un mejor perfil de marcadores inflamatorios y
de inmunidad. Resaltar que ademas los pacientes con mayor adherencia
a la DM presentaron también niveles significativamente menores en las
puntuaciones de SLEDAI y SDI, pudiéndose demostrar una asociacion
inversa entre la adherencia a la DM y el riesgo de tener LES activo o
la presencia de dano. Estos efectos beneficiosos de la DM que afectan
positivamente el curso y el prondstico del LES podrian ser reflejo
de cambios favorables sobre el sistema inmunitario, marcadores de
inflamacion y factores de riesgo de enfermedad cardiovascular (ECV)

que este patron dietético estaria modulando.



En conclusion, los hallazgos de esta tesis doctoral apuntan a
que la dieta ejerceria un importante impacto en el LES, el cual podria
explicarse no solo por sus beneficios enla inflamaciony enla disminucion
de indicadores clinicos de actividad y severidad sino también por su
impacto en el nivel grasa y adiposidad visceral, factores que se han
relacionado positivamente con un peor pronostico de la enfermedad. Por
lo tanto, seria interesante considerar el asesoramiento dietético como
estrategia importante en el manejo de los pacientes con LES junto con
las terapias habituales, para ayudarles a mejorar los habitos nutricionales
e implementar un patron dietético saludable de tipo mediterraneo en

estos pacientes.



THE IMPACT OF EATING PATTERNS AND DIETARY FACTORS IN
SYSTEMIC LUPUS ERYTHEMATOSUS

SUMMARY

Systemic lupus erythematosus (SLE) is one of the most prevalent
autoimmune diseases. SLE is an inflammatory disease with a wide
range of clinical symptoms affecting multiple organs. It has high
morbidity and mortality rates mostly associated with an elevated risk
of developing cardiovascular disease (CVD), lupus nephritis and other
side effects caused by medical treatment. It remains unknown the exact
cause of lupus, but it results from the interaction of genetics, hormonal,
immunological and environmental factors (exposure to UV rays, toxins,
stress, diet and lifestyle) that may turn into a chronic inflammatory
and autoimmune response characterized by the production of
autoantibodies and immune complexes towards most organs and tissues.

Diet and lifestyle play a fundamental role in the development,
maintenance and function of immune system. Diet quality and its
nutritional factors would play an important immunomodulatory
role due to its ability to generate changes in metabolism, shaping the

diversity of the microbiome and controlling systemic inflammation.

In this line, it has been shown that the Mediterranean Diet (Med
Diet), a traditional dietary pattern based on minimally processed foods
and a high intake of vegetables, fruits, whole grains, fish, and (cold
pressed extra virgin) olive oil exerts a protective effect towards several

chronic, autoimmune and inflammatory conditions including type 2



diabetes, obesity, cancer and cardiovascular disease (CVD). Also, recent
studies have demonstrated that Med Diet may increase physical function,
quality of life and vitality in autoimmune conditions such as rheumatoid
arthritis, osteoarthritis, and multiple sclerosis. However, to date there
are few studies investigating the impact of diet on SLE and specifically,
to our knowledge, no study has related the influence of eating patterns
and Med Diet on SLE.

Bearing the above in mind, the main objective of the doctoral

thesis is to assess the influence of the diet and eating patterns on SLE.

Our results show that diet pattern in patients with SLE is
characterized by being western-like, with low intake of dietary fiber,
anti-inflammatory fats and essential micronutrients (calcium, iodine,
magnesium, folic acid or vitamins A / D), and a high intake of red
meats and saturated/hydrogenated fats which would be very important
considering the high risk of malnutrition, infections, osteoporosis and

cardiovascular diseases in SLE.

On the other hand, it was found that a pro-inflammatory diet
measured through the Inflammatory Diet Index (IID®) is associated with
an unfavorable lipid profile in SLE patients. However, no significant
associations were found between diet, dietary factors, 1ID®, and
inflammation markers such as C-reactive protein (CRP)and homocysteine
(Hcy). Additionally, both CRP and Hcy levels were significantly correlated
with increased cardiovascular risk in SLE patients. It was also observed
that patients with SLE who are obese have higher disease activity and
damage, measured through the SLEDAI and SDI respectively, and also
presented higher levels of CRP, triglycerides (TG) and blood pressure



(BP) with respect to individuals in overweight or normal categories. The
immuno-nutritional status measured through the Prognostic Nutritional
Index (PNI) and the Nutritional Risk index (NRI) were also related to SLE
activity (SLEDAI) and, in particular, the NRI was also associated with
damage (SDI). In this way, the anthropometric and nutritional status and
the inflammatory levels may influence SLE activity, damage accrual and

cardiovascular risk.

After analyzing for the first time the role of Med Diet on SLE, we
observed that patients with greater adherence to this diet pattern had
better anthropometric profiles, lower CVD risk and a better profile of
inflammatory and immunity markers. Patients with greater adherence
to Med Diet had also lower SLEDAI and SDI scores, and an inverse
association was found between Med Diet and the risk of having an active
SLE or damage accrual. The beneficial effects of Med Diet on SLE could
be explained by positive changes in the immune system, modulation of
the inflammation and a reduction of CVD risk factors.

In conclusion, the results of the present doctoral thesis reveal that,
diet would have an important impact on SLE, which could be explained
not only by its benefits on inflammation and the significant reduction
in clinical indicators of activity and damage, but also by its impact on
lowering body fat and visceral adiposity, both markers associated with
a worsened prognosis of the disease. Therefore, it would be important
to consider dietary advice as part of an effective management of SLE
patients, which would help to improve their diet quality and to practice
healthy dietary patterns such as the Med Diet.
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1. EL LUPUS ERITEMATOSO SISTEMICO

1.1. Generalidades

El lupus eritematoso sistémico (LES) es una de las enfermedades
autoinmunes sistémicas mas representativas con un curso clinico
increiblemente variable, impredecible e intermitente. Se caracteriza
principalmente por la produccion de una gran cantidad y variedad
de autoanticuerpos dirigidos principalmente contra los antigenos
nucleares, los cuales ejercen el rol central en la patogenia del LES
pudiendo afectar a practicamente todos los 6rganos y sistemas (Azevedo,
Murphy, & Isenberg, 2014). Algunas de las principales manifestaciones
que presentan los pacientes son: mucocutaneas, hematologicas,
neuropsiquiatricas, osteomusculares, serositis, fiebre y la nefritis lupica
que afecta a cerca del 70% de los casos (Tamirou et al., 2018). Su caracter
cronico, inflamatorio y multi-organico hace que tenga una elevada
morbimortalidad relacionada principalmente con el fallo renal (Tamirou
et al., 2018), infecciones y la afectacion cardiovascular (Azevedo et al.,
2014), no solo por la propia evolucion de la enfermedad sino también
por los efectos secundarios inducidos por los farmacos usados para su
tratamiento (Bengtsson & Ronnblom, 2017).

Las estimaciones de prevalencia e incidencia varian mucho segin
la poblacion de referencia a lo largo del mundo. La mayor incidencia se
observa en Norte América (23.2 casos/100 000 personas por ano) y las
menores en Africay Ucrania (0.3 ¢asos/100 000 personas por ano) (Rees,
Doherty, Grainge, Lanyon, & Zhang, 2017). De forma general, Europa
presenta una baja incidencia del LES, mientras que Asia, Australia y

América tienen mayores cifras (Rees et al., 2017). En Espana se calcula una
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incidencia de 2-4 por cada 100,000 personas por ano (Rees et al., 2017).
Factores como el sexo, laedad ylaraza estan relacionados conla patogenia
dela enfermedad, que es mucho mas frecuente en mujeres en edad fértil,
con una relacion o:1 frente a hombres (Rubtsov, Rubtsova, Kappler, &
Marrack, 2010) y en personas de raza africana (Lim & Drenkard, 2015). La
edad de comienzo puede oscilar entre los 16 y los 55 anos (Tamirou et al.,
2018), pero el 10-20 % de los casos aparecen antes de esa edad y el 8-15 %
después (Bertsias, Pamfil, Fanouriakis, & Boumpas, 2013; Ponst-Estel,
Alarc??n, Scofield, Reinlib, & Cooper, 2010). No obstante, puede aparecer
en personas de ambos sexos y de cualquier edad con manifestaciones

clinicas muy diversas y con un curso altamente variable (Von Feldt, 1995).

1.2. Etiopatogenia del LES

Los mecanismos fisiopatologicos del LES son comunes a otras
enfermedades autoinmunes e involucran la pérdida de tolerancia y
reconocimiento de las células propias. El inicio clinico del LES requiere
una interaccion de factores genéticos, ambientales y hormonales
sumados a la inmunidad propia del huésped (Fava & Petri, 2019). La
susceptibilidad genética se estima en un 11a50% en gemelos monocigotos
y en familias de alto riesgo (Generali, Ceribelli, Stazi, & Selmi, 2017). El
complejo mayor de histocompatibilidad (MHC) fue el primer locus de
riesgo asociado con el LES y la presencia de sus alelos confiere la mayor
susceptibilidad genética para el desarrollo de la enfermedad (Tsokos, Lo,
Reis, & Sullivan, 2016). Este hallazgo apoya la teoria de que la patogenia
de la enfermedad esta asociada a los linfocitos T, ya que su activacion
depende de las proteinas MHC (Tsokos et al., 2016). En la ultima
década, se han realizado numerosos estudios de asociacion genética
habiéndose encontrado mas de 40 de riesgo para el LES. Los datos de

estudios de asociacion del genoma han identificado tres vias celulares
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principalmente: senalizacion por linfocitos Ty B; vias de senalizacion a
través del interferon (IFN) que implica la deteccion de acidos nucleicos
o la produccion y respuesta a los IFN; y mecanismos que involucran la
eliminacion de inmunocomplejos y otros desechos (Tsokos et al., 2016).
Destacar, que muchas de estas regiones del genoma estan asociadas
también con multiples enfermedades autoinmunes (Tsokos et al., 2016).

De gran relevancia también, es el papel de la epigenética en el
desarrollo del LES, la cual estudiala presencia de cambios en la expresion
de genes sin alteracion enla secuencia de nucleotidos (Tsokos etal., 2016).
En los ultimos anos, la epigenética esta comenzando a recibir atencion
en el campo de la reumatologia y la autoinmunidad por su capacidad de
generar cambios enlaexpresion de genes que pudieran aumentar el riesgo
de padecer enfermedades autoinmunes y que explicarian las diferencias
encontradas en el desarrollo y pronostico de la enfermedad en gemelos
monocigotos (Tsokos et al., 2016). Los procesos de epigenética estarian
altamente influenciados por la exposicion a factores ambientales.

En cuanto alos factores ambientales, a pesar de que alafechano se
conoce ningun desencadenante en concreto, se sugiere que lainteraccion
de estos sumado a la susceptibilidad genética seria de gran relevancia.
La luz ultravioleta es el factor ambiental mas reconocido, pero también
el uso de ciertos farmacos (Gold, 1951), tabaco (Costenbader et al., 2004),
infecciones viricas como el Epstein-Barr (Illescas-Montes, Corona-Castro,
Melguizo-Rodriguez, Ruiz, & Costela-Ruiz, 2019), exposicion a silica
(Parks et al., 2002), mercurio (Crowe et al., 2017), niveles de vitamina D
(Hassanalilou et al., 2018), asi como el estilo de vida donde se implican el

estrés (Song et al., 2018) y la alimentacion (Constantin et al., 2018).
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De esta forma, la combinacion de factores genéticos, ambientales y
hormonales generan estimulos proinflamatorios a través de citoquinas y
lapérdida delatoleranciainmune alos autoantigenos (Tsokos et al., 2016).
Las senales generadas por los autoantigenos, a través de receptores de
membranaylas citoquinas proinflamatorias producidas porlos linfocitos
T da lugar a la produccion de autoanticuerpos (Zharkova et al., 2017).
Estos autoantigenos forman inmunocomplejos con los autoanticuerpos
que pueden depositarse en diversos organos dando lugar a inflamacion
y dano tisular sistémico, siendo caracteristica en el LES la produccion
y elevacion de los anticuerpos antinucleares (Zharkova et al., 2017).
Adicionalmente, la autoinmunidad se ve reforzada por alteraciones en la
respuesta inmune innata que impiden eliminar los productos de desecho
de la apoptosis celular, junto con trampas extracelulares de neutrofilos,
cambios en el perfil de los linfocitos y mecanismos mediados por el

interferon (Tsokos et al., 2016).

En el LES existe entonces una alteracion de la inmunidad innata
y adaptativa. Se sabe que la autoinmunidad es mediada principalmente
por linfocitos del tipo “T helper 2” (Th2), sin embargo a ello se suma
una polarizacion de los linfocitos T hacia un perfil “T helper 17" (Th17)
y una menor produccion de linfocitos reguladores (Treg) lo cual parece
determinar en gran medida la gravedad de la enfermedad (Tsokos
et al., 2016). Ademas, los linfocitos B, estimulados por los linfocitos
T y citoquinas como el factor de necrosis tumoral alfa (TNF-«), el
interferon gamma (IFN-y) y la interleuquina 10 (IL-10) generan
cambios en la produccion de inmunoglobulinas por parte de las células
B y promueven la produccion de autoanticuerpos de alta afinidad

volviéndose autorreactivos y siendo responsables del dano tisular [21]
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Figura 1. Patogenia del LES. La patogenia del LES se produce a través de la interaccion
de mecanismos que involucran la inmunidad innata y adaptativa. La produccion de
linfocitos T y B autorreactivos generan la produccion de anticuerpos antinucleares
(Anti-dsDNA)y de inmunocomplejos que se depositan sobre los érganos diana produciendo
el dafio tisular. A esto se suma una inadecuada eliminacion de los productos de desecho de
la apoptosis celular y un aumento de los niveles de interferon. Fuente: Borros Arneth.
Systemic Lupus Erythematosus and DNA Degradation and Elimination. Defects. Front.
Immunol., 2019 doi: 10.3389/fimmu.2019.01697.

La mayoria de los pacientes con LES tienen autoanticuerpos
circulantes en sangre y mas del 95% tienen anticuerpos antinucleares
(ANA) dirigidos preferentemente, pero no de forma exclusiva, contra
componente el nucleo de la célula (Choi & Fritzler, 2019; Petri et al.,
2012). El anticuerpo antinuclear mas conocido y especifico del LES es
el anti-ADN bicatenario, en inglés, anti-double stranded DNA antibodies
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(Anti-dsDNA), presente en el 60 a 70% de los pacientes con SLE (Becker
et al., 2019; Choi & Fritzler, 2019; Petri et al., 2012). En general, el titulo o
nivel de anticuerpos anti-dsDNA el cual se correlaciona con la actividad
de la enfermedad (Petri et al., 2012). Pero en el LES se han descrito mas
de 60 autoanticuerpos, entre ellos Otros anticuerpos como los anti-
Smith (anti-Sm), de alta especificidad pero baja sensibilidad, pues
estan presentes en tan solo el 5-30% de los casos , los antinucleosoma,
que se han relacionado con actividad de la enfermedad o los anti-Ui-
RNP dirigidos contra componentes de pequenas ribonucleoproteinas
nucleares (SnRNP) (Choi & Fritzler, 2019). En el caso de los anti-UiRNP
a pesar de encontrarse en gran proporcion en el LES, también han sido
reportados en muchas otras enfermedades autoinmunes (Choi & Fritzler,
2019). Otros anticuerpos como los anti-ribosomales (Anti-Rib-P), anti-
Ro, anti-LA ylos anticuerpos antifosfolipidos: anticardiolipina (aCL), anti
betaz glicoproteina 1 (B2-GPI) entre otros pueden presentarse también
en el LES(Choi & Fritzler, 2019).

La accion de los inmunocomplejos en organos diana se relaciona
conlapatogeniadel LESydependiendo del 6rgano afectadola enfermedad
puede cursar con un amplio espectro de manifestaciones clinicas
incluyendo afectacion cutdneo-mucosa, articular, cardiovascular,
hematoldgica, neuropsiquiatrica o renal como la nefritis ltpica, entre
otras (La Paglia et al., 2017).

1.3. Criterios diagnosticos y clinicos LES

1.3.1. Diagnostico del LES

Enlapractica clinica, se han establecido diferentes herramientasy

marcadores para diagnosticar a los pacientes, asi como para clasificar el
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estado y progresion de la enfermedad. Los mas conocidos y utilizados son
los desarrollados por el American College of Rheumatology (ACR) creados
en 1971, y revisados en 1982 y 1997 (Hochberg, 1997). Mas recientemente
surgen los criterios SLICC (Systemic Lupus International Collaborating
Clinics) /ACR, segun los cuales un paciente debe cumplir las siguientes
condiciones para ser clasificado/diagnosticado como LES: tener biopsia
renal propia de la enfermedad mas ANAs o anti-dsDNA (+), o cumplir 4
de 17 criterios (al menos uno clinico y otro inmunoldgico), que no tienen
que aparecer de forma simultanea (Petri et al., 2012) (Anexo 1) y los mas
recientes de la ACR/EULAR de 2019 en los que la clasificacion exige la
presencia de ANA positivos a titulo superior a 1/80 (Aringer, Leuchten, &

Johnson, 2020).

Los criterios clinicos incluyen: presencia de alteraciones cutaneas
cronicas o agudas, ulceras orales o aftas, alopecia, sinovitis en dos o mas
articulaciones, serositis, nefropatia, alteraciones neurologicas, anemia
hemolitica, leucopenia (< 4000/mm?) o linfopenia (<i1000/mm?’). Los
criterios inmunologicos comprenden: presencia de ANA, anti-dsDNA,
anti-Smith (anti-Sm) o anticuerpos antifosfolipidos asi como la presencia
de niveles bajos de anticuerpos C3, C4 y/o CH50 o positividad en el test
de Coombs directo (Petri et al., 2012). En la practica clinica los criterios
no han desplazado unos a otros, sino que se tienden a aplicar de forma

conjunta.

1.3.2. Actividad del LES

Para evaluar la actividad de la enfermedad se han desarrollado
diferentes indices, de los cuales el mas utilizado en la practica clinica
es el SLEDAI-2K (Systemic Lupus Erythematosus Disease Activity Index
2000) (D. D. Gladman, Ibanez, & Urowitz, 2002). El indice de actividad
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de la enfermedad (SLEDAI) es una lista de 24 items o descriptores en los
cuales se evaltian 9 6rganos o sistemas, 16 de éstos son items clinicos y 8
son parametros de laboratorio. Los valores de cada descriptor van de 1 a
8, lo que permite un valor maximo del indice de 105. Cada descriptor se

evaltiia en los 10 dias previos al de la evaluacion (Anexo 2).

Se asignan 8 puntos por la presencia de criterios clinicos graves
que incluyen convulsiones, psicosis, sindrome organico cerebral,
alteraciones visuales, alteraciones de pares craneales, cefalea lupica,
enfermedad cerebro-vascular y vasculitis. Se asignan 4 puntos por la
presencia de criterios clinicos como miositis y artritis y alteraciones
de laboratorio como presencia de cilindros urinarios, hematuria (>5
hematies/campo, proteinuria (>5g/24 horas) y piuria (>5 leucocitos/
campo en ausencia de infeccion); 2 puntos por la aparicion clinica de
algun exantema, alopecia, ulceras bucales, pleuritis o pericarditis y a nivel
de laboratorio por disminucion de los niveles del complemento (C3, C4
o CH50) o aumento de los niveles de anticuerpo anti-dsDNA por encima
de los niveles normales. Por ultimo, se asigna 1 punto por la presencia
de fiebre, trombopenia (<100,000 plaquetas/mm?®) o leucopenia (<3,000
células/mm?) (D. D. Gladman et al., 2002).

La sumatoria de todos los criterios permite obtener el resultado
final. Este indice tiene en cuenta las manifestaciones presentes en el
momento actual y hasta 10 dias antes del momento de la evaluacion. Una
puntuacion de 6 se considera clinicamente importante. Se ha mostrado
como un indice reproductible, incluso en la practica clinica y por
médicos poco expertos. Se ha mostrado sensible al cambio, 1til en ninos
y con valor prondstico (D. D. Gladman et al., 2002) (Touma, Gladman, &

Urowitz, 2013).
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1.3.3. Dano acumulado en el LES

El dano cronico acumulado bien sea por la enfermedad, sus
complicaciones o los tratamientos utilizados, se mide mediante el
indice de dano o cronicidad. En 1996, el grupo SLICC en colaboracion
con la ACR, desarrollaron el indice de dano SLICC/ACR o SDI (Systemic
Damage Index) (D. Gladman et al., 1996) (Anexo 3). Este indice recoge el
dano acumulado e irreversible (debido a la propia enfermedad, a los
tratamientos utilizados o a problemas intercurrentes), desde el inicio
de la enfermedad e independientemente de la causa, en 12 sistemas (D.
Gladman et al., 1996). Los items deben estar presentes durante al menos
6 meses y se basan fundamentalmente en criterios clinicos (D. Gladman
et al., 1996). La mayoria de los items puntian con un valor de 1 si hay
presencia o cero si hay ausencia, pero algunos pueden puntuar entre 2y
3 si hay recurrencia, siendo la puntuacion total desde o a 49 (D. Gladman
et al., 1996). Es un indice validado y reproductible relacionado con
mortalidad en el LES (Nived, Jonsen, Bengtsson, Bengtsson, & Sturfelt,
2002).

1.4. Indicadores y determinaciones utiles en el manejo
del LES

1.4.1. Anticuerpo anti-dsDNA

Es el anticuerpo antinuclear mas conocido y especifico del
LES presente en el 60 a 70% de los pacientes. Constituye un potente
parametro para el diagnostico y clasificacion del LES, relacionandose
mas especificamente con afectacion renal, manifestaciones cutaneas y
neurocognitivas (Wang & Xia, 2019). Las pruebas de anticuerpos anti-

ADN pueden ser positivas al menos 2 anos antes del diagnostico clinico
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de LES, y un aumento en los niveles séricos es considerado un posible
predictor de brotes en los siguientes 6 meses (Pan et al., 2014). Aunque la
asociacion entre niveles altos de anticuerpos anti-dsDNA vy la actividad
de la enfermedad se ha estudiado ampliamente, existen diferencias
significativas entre poblaciones y cohortes, que podrian deberse a las
diversas formasy el amplio espectro de manifestaciones que se presentan
en la enfermedad (Wang & Xia, 2019).

1.4.2. Velocidad de sedimentacion globular (VSG)

Suele elevarse en el 90% de los pacientes con LES, y se relaciona
con la actividad de la enfermedad, brotes o periodos de mayor
inflamacion y autoinmunidad (Firooz et al., 2011). Un importante
estudio con una cohorte que involucré a miles de pacientes reveld que
los valores de VSG se asocian con varios indicadores de la enfermedad
y con manifestaciones en organo especificas como serositis, eccemas,
artritis, nefritis y desordenes hematologicos (Stojan, Fang, Magder, &
Petri, 2013). Sin embargo, valores aumentados en sangre también pueden
relacionarse con infecciones, neoplasias u otros procesos inflamatorios
agudos (Firooz et al., 2011).

1.4.3. Proteina C reactiva (PCR)

Lamedicion del nivel de proteina C reactiva en suero (PCR) ha sido
usada como un marcador sensible de inflamacion (Rhodes, Furnrohr,
Vyse, Fiirnrohr, & Vyse, 2011). La PCR tiene un papel en la eliminacion
de bacterias y de células defectuosas, y también podria tener funciones
inmunomoduladoras mas complejas (Rhodes et al., 2011). Sus valores se
han asociado con un alto riesgo de enfermedad cardiovascular (ECV), una

de las comorbilidades mas conocidas del lupus eritematoso sistémico
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(C. C. C. Mok, Birmingham, Ho, Hebert, & Robin, 2013). En el caso del
LES, esta proteina puede estar elevada en el curso de la enfermedad,
pero no de modo llamativo y con un papel debatido (C. C. C. Mok et al.,
2013). Valores altos de PCR también pueden estar presentes en procesos
infecciosos, serositis o vasculitis (Firooz et al., 2011). Su medicion en
sangre, se realiza a través de la PCR-hs (proteina reactiva C de alta
sensibilidad) cuyos valores parecen estar asociados con ciertos factores
de riesgo cardiovascular en pacientes con LES, como el tabaquismo, el
sexo masculino, la diabetes mellitus, un indice aterogénico mas alto y
antecedentes de trombosis arterial (Barnes et al., 2005).

1.4.4. Homocisteina

Lahomocisteina(Hcy), unaminoacido azufrado que participaenlos
procesos metabolicos y de metilacion se asocia con un riesgo aumentado
de enfermedad cardiovascular y disfuncion endotelial (D. Bonciani et al.,
2016). Los niveles de Hcy suelen estar elevados en pacientes con LES (D.
Bonciani et al., 2016) y su presencia podria ser un factor contribuyente a
la inflamacion, el dano endotelial y la progresion de la aterosclerosis en
el LES (D. Bonciani et al., 2016).

1.4.5. Complemento (C)

El sistema del complemento es una via compleja del sistema de
inmunidad innata encargado de mediar la eliminacion de microbios y
células defectuosas o danadas através de anticuerposy células fagociticas.
Juega un papel fundamental en la eliminacion de patogenos y en la
lucha contra infecciones, pero también desempena un papel clave en la
respuesta inflamatoria causada por el deposito de complejos inmunes

en las enfermedades autoinmunes como el LES (Sandhu & Quan, 2017).
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La activacion del complemento juega un papel clave en la
fisiopatologia y el dano inmunitario asociado al LES. En fases agudasy en
etapas de mayor actividad de la enfermedad, es comdn encontrar niveles
bajos de C3y C4, las principales proteinas del complemento involucradas
en la patogenia del LES (Sandhu & Quan, 2017). Sin embargo, es
importante tener en cuenta que la disminucion del complemento sérico
no se asocia constantemente con brotes de la enfermedad por lo que no
parece ser un indicador fiable de su actividad (Sandhu & Quan, 2017). Sin
embargo, en la practica diaria, la presencia de hipocomplementemia y
titulos elevados de anti-dsDNA orientan al diagnostico de LES (Li, Lin,
Yang, Chen, & Zheng, 2015).

1.5. Manejo clinico del LES

El manejo clinicoy terapéutico dellupus es variable yva a depender
de la gravedad de la enfermedad, 6rgano afectado, caracteristicas del
paciente y complicaciones asociadas. Por ser una enfermedad cronica e
irreversible, el principal objetivo del tratamiento es retrasarla progresion
de la enfermedad, disminuir la sintomatologia asociada, mejorar la

calidad de viday evitar, en lo posible, las complicaciones asociadas.

Como base del tratamiento se suelen emplear farmacos
antipaludicos o antimalaricos (hidroxicloroquina, mepacrina vy
cloroquina) indicados casi en la mayoria de los pacientes (Kuhn et al.,
2015). Sin embargo, con frecuencia se prescriben antiinflamatorios
no esteroideos (AINEs), glucocorticoides (GC) e inmunosupresores

(Belmont, 2013; Kuhn et al., 2015).
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Los antipalidicos ejercen su efecto principalmente a través de
la inhibicion de la activacion de los receptores intracelulares “toll-like”
(Ruiz-Irastorza, Ramos-Casals, Brito-Zeron, & Khamashta, 2010). Su uso
puede reducir la actividad de la enfermedad en mas de un 50 % y mejora
significativamente la mortalidad (Ruiz-Irastorza et al., 2010). Ademas
de su eficacia contra la artritis y las lesiones cutaneas, se ha visto una
disminucion en la incidencia de brotes, infecciones, y una reduccion del
dano acumulado en el curso de la enfermedad (Kuhn et al., 2015). Parecen
también mejorar el perfil lipidico y tener un efecto protector sobre la

osteoporosis inducida por glucocorticoides (Xiong & Lahita, 2014).

Los glucocorticoides actian de forma rapida sobre el sistema
inmune adaptativo y también el innato, sobre todo cuando se usan en
dosis elevadas. Sin embargo, su uso se suele limitar a brotes agudos pues,
buena parte del dano cronico e irreversible y de los efectos secundarios
que aparecen a lo largo del tiempo en los pacientes con LES, se debe al
uso de GC, porlo que se tiende a utilizar la menor dosis durante el menor

tiempo posible (Al Sawah et al., 2015).

Debido a la accion mas retardada de los antipaladicos, algunos
pacientes requieren el uso de tratamientos cuyo efecto sea observable a
corto plazo, como GC o AINES (Kuhn et al., 2015). Sin embargo, silos GC
no pueden reducirse a dosis de 5 a 7,5 mg/dia en un tiempo razonable,
la EULAR (Furopean League Against Rheumatism) en su ultimo reporte
de 2019 recomienda la administracion de farmacos inmunosupresores
como la azatriopina (AZA), el metotrexato (MTX), el micofenolato
mofetil (MFM) o la ciclofosfamida (CYC) para asi poder reducir el uso de

glucocorticoides (Fanouriakis et al., 2019).
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Las terapias biologicas se utilizan en algunos casos con el fin de
actuar sobre los principales mediadores de la respuesta inmune como
los linfocitos B, T o interferones (Bernal, Zamora, & Navarra, 2015). El
belimumab (BMB) esta indicado en la enfermedad extrarrenal activa o
con brotes frecuente que no responde alos tratamientos de primeralinea
(hidroxicloroquina y prednisona con o sin agentes inmunosupresores)
(Fanouriakis et al., 2019). El uso de rituximab (RTX) se reserva para
pacientes con enfermedad renal o extrarrenal, especialmente aquellos
con manifestaciones hematologicas (trombocitopenia autoinmune o
anemia hemolitca) o neuropsiquiatricas graves resistente a tratamientos

de primera linea (Fanouriakis et al., 2019).

Enlamayoriadelos casos,los pacientes suelen estar polimedicados,
ya que suelen agregarse seglin el caso, analgésicos, antihipertensivos,
hipolipemiantes, protectores gastricos, vitaminas y/o minerales los
cuales no estan libres de efectos secundarios y podrian contribuir en
ocasiones, al dano acumulado empeorando la calidad de vida de los
pacientes (Xiong & Lahita, 2014).

1.6. Morbimortalidad y enfermedad cardiovascular en el
LES

Desde hace ya muchos anos, se recogen las causas de mortalidad
en pacientes con LES. Empezando con el estudio de Cervera et al, en el
que se incluyen pacientes europeosy se analizan las causas de mortalidad
en una cohorte de 1000 pacientes durante 10 anos siendo las principales
causas de muerte: el LES activo (26,5 %), la enfermedad cardiovascular
(26,5 %) v las infecciones (25 %). Las infecciones y la enfermedad activa
fueron mas frecuentes en los primeros 5 anos, mientras que los eventos
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cardiovasculares lo fueron en los altimos (Cervera et al., 2003).

En la actualidad, se acepta que a pesar de las multiples
complicaciones que surgen del proceso inflamatorio y el deterioro de la
respuesta inmune, la enfermedad cardiovascular debida a un proceso de
aterosclerosis temprana, es una de las principales causas de morbilidad
y mortalidad en pacientes con LES (Abu-Shakra & Novack, 2012;
McMahon, Hahn, & Skaggs, 2011; Ocampo-Piraquive, Nieto-Aristizabal,
Canas, & Tobon, 2018). Los pacientes con LES tienen un mayor riesgo
de desarrollar eventos cardiovasculares de forma temprana (Magder
& Petri, 2012). La etiopatogenia de la aterosclerosis acelerada en el
LES no ha sido completamente dilucidada, no obstante, parece ser el
resultado de la combinacion de factores de riesgo cardiovasculares
tradicionales y /o clasicos (tabaquismo, diabetes mellitus, hipertension,
obesidad y dislipidemia) en combinacion con eventos especificos en
pacientes con LES, como el proceso inflamatorio cronico, la presencia
de autoanticuerpos y la interaccion con los multiples tratamientos
farmacologicos que reciben durante el curso de la enfermedad (Magder
& Petri, 2012). Este proceso inflamatorio cronico se caracteriza por la
liberacion de multiples mediadores que crean un ambiente hostil que
promueve el desarrollo de la aterosclerosis, el dano del endotelio y la
progresion del LES (Steyers & Miller, 2014).

Datos obtenidos en estudios de la cohorte americana Hopkins en
pacientes con LES, enla que se incluyeron mas de 1800 pacientes, revelan
que latasade ECV es 2,66 veces mayor en pacientes con LES con respecto
a la poblacion general con similares factores de riesgo (Magder & Petri,
2012). Ademas, se observo que la edad no es un factor de riesgo para la
presencia de ECV pero que existe una asociacion importante entre los
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niveles de actividad de la enfermedad y de anticuerpo anti-dsDNA con la
presencia de ECV (Magder & Petri, 2012). Este mismo estudio determiné
que el uso de corticoides en dosis de 20 mg/dia o superiores, incrementa
sustancialmente el riesgo cardiovascular independientemente de la
actividad dela enfermedad. El exceso de riesgo se asocio mas fuertemente
con la dosis actual de corticosteroides que con la dosis acumulada lo que
sugiere un impacto a corto plazo del uso de corticosteroides en el riesgo
de ECV (Magder & Petri, 2012).

En la fisiopatogenia del dano endotelial responsable de la
aterosclerosis temprana observada en el LES y otras enfermedades
inflamatorias interviene principalmente el TNF-a (factor de necrosis
tumoral-a), encargado delaexpresion de genesasociados alainflamacion,
coagulacion y proliferacion celular (Steyers & Miller, 2014). El TNF-a
ejerce sus efectos sobre el endotelio a través de su receptor, TNFR lo
que disminuye la expresion de la proteina eNOS (6xido nitrico sintetasa
endotelial) e induce la del factor de transcripcion NF-xB que promueve
la activacion de moléculas de adhesion intercelular (ICAM-1: molécula
de adhesion intercelular-1; VCAM-1: molécula de adhesion celular
vascular-1), TNF-a y Nox1 (NADPH-oxidasa -1) (Bergh, Ulfhammer, Glise,
Jern, & Karlsson, 2009; Kleinbongard, Heusch, & Schulz, 2010). Esta
induccion de NF-kB también esta mediada por la lipoproteina de baja
densidad oxidada (oxLLDL), especies reactivas de oxigeno (ROS) yla union
de varios autoanticuerpos (AECA: anticuerpos anti-células endoteliales;
APLA: anticuerpos antifosfolipidos; anticuerpos anti-oxLDL: anticuerpos
LDL anti-oxidados) (Figura 2) (Steyers & Miller, 2014).
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Figura 2. Mediadores de la disfuncion endotelial en enfermedades inflamatorias y
auloinmunes. Fuente (Steyers & Miller, 2014).

En pacientes con LES, se ha observado un aumento de los niveles
de moléculas de adhesion endotelial como la ICAM-1, lo cual revela la
importante influencia del dano vascular en la aparicion de eventos
cardiovasculares en la enfermedad (Bugata et al., 2018). Curiosamente,
este mismo estudio encontré una relacion entre los niveles de moléculas
de activacion endotelial y la presencia de marcadores de inflamacion y
actividad en el LES como disminucion del C4 y aumento de los niveles
de PCR e IL-6 (Bugata et al., 2018). Existe también, una relacion entre la
inflamaciony un mayor riesgo de trombosisy enfermedad cardiovascular,

que podria explicarse por una posible asociacion entre niveles de
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marcadores inflamatorios como la PCR y la IL-6 y niveles de actividad
protrombotica (medidos a través de complejos trombina-antitrombina,
TAT) (Bugata et al., 2018; Van Aken, Den Heijer, Bos, Van Deventer, &

Reitsma, 2000).

El rol de los factores de riesgo cardiovascular tradicionales
como la dislipidemia y la resistencia la insulina en la patogenia de la
disfuncion endotelial y la aterosclerosis en pacientes con enfermedades

inflamatorias cronicas ha recibido también especial atencion.

De forma general se ha observado que los pacientes con LES
tienden a presentar dislipidemia con respecto a la poblacion sana,
mostrando niveles elevados de colesterol total (CT), triglicéridos (TG),
lipoproteina de baja densidad (LDL) y una disminucion de la proteina
de alta densidad (HDL) (Machado et al., 2017; Steyers & Miller, 2014)
que se relacionan con la actividad de la enfermedad (Yuan, Li, Wang,
Song, & Zhang, 2016). Se ha demostrado que la inflamacion modifica el
colesterol LDL en particulas pequenas y densas proaterogénicas y que
el TNF-a induce su modificacion mediante el aumento de los niveles de
ROS (Steyers & Miller, 2014). Niveles elevados de LDL y CT se relacionan
con la disfuncion endotelial descrita en el LES posiblemente por una
disponibilidad reducida de ON mediada por particulas de LDL oxidadas
(Steyers & Miller, 2014).

1.7. Estado nutricional en pacientes con LES

La dieta vy los factores dietéticos se han asociado con un mayor
riesgo de desarrollo de inflamacion y autoinmunidad (Thorburn, Macia,

& Mackay, 2014). En el caso del LES estos factores condicionarian la
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presencia de dislipidemia, obesidad, hipertension arterial y sindrome
metabolico, los cuales deben tenerse en cuenta para para disminuir y
controlar el riesgo cardiovascular, la principal comorbilidad en el LES
(Kalck, Bonfa, & Neto, 2012).

A la fecha, muy pocos estudios han investigado los habitos
nutricionales enlos pacientes que atraviesan enfermedades autoinmunes
y menos aun en los pacientes con LES. De igual forma, poco se conoce
acerca de como el estado nutricional podria relacionarse con la
enfermedad. Sin embargo, es de destacar que la escasa evidencia previa
apunta a que los habitos nutricionales en pacientes con LES no suelen ser
los mas favorables. Un par de estudios, realizados en poblacion brasilena
y sueca muestra que la ingesta dietética en estos pacientes no es muy
diferente ala de la poblacion occidental en general, con alto consumo de
azucares, aceites y grasas refinadas, y una escasa participacion de frutas
y verduras, grasas omega 3 y omega 6 lo cual conllevaria a un déficit de
fibra, antioxidantes y micronutrientes esenciales (Borges, dos Santos,

Telles, Lanna, & Correia, 2012; Elkan et al., 2012).

Por lo tanto, valorar el estado nutricional y trabajar en el
asesoramiento dietético enlos pacientes con LES seria de gran relevancia

para mejorar el prondstico de la enfermedad.
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2. FACTORES NUTRICIONALES, MICROBIOTA
Y AUTOINMUNIDAD

El término inmunomodulacion se refiere a cualquier intervencion
terapéutica que logre modificarla respuestainmune. Sibien nacemos con
una base genética que determina en gran parte nuestra predisposicion
a padecer ciertas enfermedades, se sabe que la alimentacion y el estilo
de vida juegan un papel fundamental en el desarrollo, mantenimiento
y funcionamiento de las células del sistema inmunitario (Mazzocchi,
Venter, Maslin, & Agostoni, 2017). La calidad de la dietay su contenido en
factores nutricionales con capacidad inmunomoduladora podrian ayudar
a preservar la salud, influyendo en la biologia humana e interconectando
metabolismo, microbiotaintestinal y sistemainmunolédgico (Del Chierico,

Vernocchi, Dallapiccola, & Putignami, 2014).

Los patrones dietéticos occidentales se caracterizan por ser
ricos en almidones o harinas refinadas, azucar, sal y acidos grasos
saturados/trans con poca participacion de alimentos de alta densidad
nutricional que aporten fibra dietética, fitonutrientes antioxidantes
naturales, acidos grasos mono y poliinsaturados omega-3. Este tipo de
alimentacion que coincide con la presencia de alimentos procesados,
alta en sodio, aztcares y baja en fibra dietética aumentaria el estado
de inflamacion del organismo, muy probablemente por la produccion
excesiva de citoquinas proinflamatorias causando una activacion de
las células del sistema inmune innato (Casas, Sacanella, & Estruch,

2016). Existen diversos mecanismos mediante los cuales la alimentacion

56



Analisis de la influencia de la alimentacion en el Lupus Eritematoso Sistémico (LES)

impactaria en las enfermedades autoinmunes. Los organos linfoides y
las células del sistema inmunitario estan directamente influenciados por
factores ambientales, principalmente el tipo de dieta y ciertos factores
nutricionales (Casas et al., 2016). En particular, los acidos grasos mono
y poliinsaturados, los acidos grasos omega 3, antioxidantes, folatos y las
vitaminasA, Dy E pueden tener un papel especial envirtud de sus acciones
antiinflamatorias (Casas et al., 2016; De Rosa et al., 2015). El consumo de
altas cantidades de sal de mesa, cloruro de sodio o NaCl también se ha
postulado como uno de los principales factores nutricionales adversos
de la dieta occidental sobre la autoinmunidad.

Los diferentes factores dietéticos que podrian intervenir en el
desarrollo de autoinmunidad y sus correspondientes mecanismos se

resumen en la Figura 3.

Dieta occidental, alta en procesados y baja
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en fibra (Disbiosis): .
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Figuras.Factores dietéticosysurelacion conlaautoinmunidad. Laingesta de polifenoles,
acidos grasos omega 3y los niveles adecuados de vitamina D reducen la autoinmunidad
al modular la actividad linfocitica, disminuir la produccion de autoanticuerpos y
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modular la produccion de citoquinas. El consumo de sal se asocia a un aumento del
riesgo de autoinmunidad e inflamacion. La microbiota intestinal puede aumentar o
disminuir el riesgo de autoinmunidad en estados de dishiosis (desequilibrio) o eubiosis
(equilibrio) respectivamente del microbioma. La disbiosis surge como efecto de unadieta
ultraprocesada, tipo occidental, rica en productos animales y baja en fibra mientras que
el consume de dietas ricas en fibras vegelales, prebioticos y fitonutrientes favorecen la
eubiosis. NF-kB, factor nuclear potenciador de las cadenas ligeras kappa de las células
B activadas; TNF, factor de necrosis tumoral; EROs, especies reactivas de oxigeno;
COX2, ciclooxigenasa 2; AGCC, acidos grasos de cadena corta; LPS, lipopolisacarido
bacteriano; BFS, bacterias filamentosas segmentadas. Fuente: elaboracion propia.

2.1. Fibra Dietética

Se ha demostrado que una adecuada ingesta de fibra dietética
se asocia con multiples beneficios sobre la salud, incluyendo un menor
riesgo de enfermedades cronicas y cardiovasculares y una reduccion de
los niveles de marcadores de inflamacion como la proteina C reactiva,
citoquinas proinflamatorias, factor activador del plasminogeno y
homocisteina (Ma et al., 2008; Wannamethee, Whincup, Thomas, &

Sattar, 2000).

Estos efectos también se han podido comprobar enautoinmunidad.
Un estudio reciente de intervencion en pacientes con AR reporté un
aumento en el namero de linfocitos T reguladores circulantes, cambios
favorables en la ratio Thi / Thi7, asi como una disminucion de los
marcadores de la enfermedad después de 28 dias de suplementacion con
15-30 gramos de fibra dietética (Héger et al., 2019). Un estudio realizado
en mujeres con LES mostro una asociacion inversa entre el consumo
de fibra en la dieta y la actividad de la enfermedad, observandose una
disminucion del LES activo, evidenciando por una reduccion en los
niveles de citoquinas proinflamatorias y homocisteina (Minami et al.,

2011).
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Otro de los mecanismos mediante los cuales la fibra dietéticay el
patron de alimentacion podrian ejercer un gran impacto enlamodulacion
del sistema inmunologico, la inflamacion y por tanto en el prondstico de
las enfermedades autoinmunes es a través de los cambios generados en

la microbiota intestinal (Vieira, Pagovich, & Kriegel, 2014).

2.2. Sal

En los ultimos anos se ha comenzado a evidenciar como la sal
(cloruro de sodio, NaCl), uno de los elementos mas comunes en la dieta,
es capaz de influir en la regulacion del sistema inmune (Willebrand &
Kleinewietfeld, 218). EI consumo de sal ha aumentado de forma rapida
en los ultimos anos tras la industrializacion, la pérdida de patrones de
alimentacion tradicionales como la DM y la implantacion del modelo de
dieta occidental que ha traido como consecuencia un mayor consumo
de comidas rapidas y procesadas (Appel et al., 2011). Se estima que hoy
dia el contenido de sal en las comidas procesadas puede ser hasta 100
veces mayor con respecto a la misma preparacion, elaborada de forma
tradicional y casera (Appel et al., 2011; Brown, Tzoulaki, Candeias, &

Elliott, 2000).

Estudios clinicos y experimentales sostienen la posibilidad
de que una alta ingesta de sodio pueda promover la inflamacion y la
autoinmunidad mediante laactivacion deloslinfocitos Thi7,1a produccion
excesiva de diversas citocinas proinflamatorias (IFN-y y IL-17) y a la
diferenciacion de macrofagos a un fenotipo mas proinflamatorio (Sharif,
Amital, & Shoenfeld, 2018; Wilck et al., 2017) (Kleinewietfeld et al., 2013).
Varios estudios de intervencion en modelos murinos han demostrado

como el exceso de sal induce la diferenciacion de los linfocitos T CD4+
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a Thi7 (Kleinewietfeld et al., 2013; Wu et al., 2013), revirtiendo los efectos
supresores de los linfocitos T reguladores (Treg) y activando la serie
proinflamatoria Th1 y Thi7 (Sharif et al., 2018). Otros estudios han
demostrado como en presencia de concentraciones elevadas de sal se
incrementa la produccion de IFN-y por linfocitos Treg o se aumenta la
produccion de marcadores proinflamatorios asociados a macrofagos
(Hernandez et al., 2015; Hucke et al., 2016). Asimismo, en modelos
animales se ha podido corroborar el rol de una dieta alta en sodio en
la exacerbacion y brotes de enfermedades autoinmunes incluyendo
encefalomielitis, esclerosis multiple (EM), LES, artritis reumatoide (AR)
y la enfermedad inflamatoria intestinal (EII) (Sharif et al., 2018).

En humanos, se ha descrito de forma preliminar una posible
asociacion entre el consumo de sodio y enfermedades autoinmunes
como la AR (Salgado, Bes-Rastrollo, de Irala, Carmona, & Gomez-Reino,
2015; Sundstrom, Johansson, & Rantapaa-Dahlqvist, 2015; Sundstrom,
Johansson, & Rantapii-Dahlqvist, 2015) y la EM (Farez, Fiol, Gaitan,
Quintana, & Correale, 2015). La sal parece contribuir al desarrollo o
exacerbacion de estas patologias, aunque los mecanismos subyacentes
aun son desconocidos. Recientemente, un estudio en pacientes con ARy
LES describio el efecto de la sal en la inmunidad adaptativa, sugiriendo
que una restriccion en la ingesta de sodio podria contribuir a controlar
la respuesta inflamatoria (Scrivo et al., 2017).

Ademas del papel que juega una alta ingesta de sodio en la
inflamacion y la autoinmunidad, se conoce también su efecto negativo
en la hipertension, la enfermedad cardiovascular y la diabetes (Kong,
Bagar, Jerums, & EKinci, 2016). Ademas, podria afectar la actividad renal

y la regulacion de los niveles de sodio, potasio y agua (McMaster, Kirabo,
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Madhur, & Harrison, 2015). Por lo que, los beneficios de un patron de
alimentacion tradicional, alto en agua, potasio y moderado en sodio,
como el presente en la DM podria tener efectos beneficiosos en el LES
que no solo se explicarian por sus efectos en la inmunidad sino también
en la reduccion de las complicaciones cardiovasculares asociadas y
comorbilidades.

2.3. Microbiota y autoinmunidad

El organismo humano alberga en su interior una comunidad
compleja de microorganismos, principalmente en el tracto
gastrointestinal donde pueden existir hasta 10 células por gramo de
tejido (Bickhed et al., 2005)dominated by relatively few divisions that
are highly diverse at the strain/subspecies level. This microbiota and
its collective genomes (microbiome formando la microbiota intestinal.
Actinobacterias, Bacteroidetes, Proteobacterias y Firmicutes son las especies
bacterianas mds abundantes en el tracto digestivo humano en estado de

homeostasis (Gianchecchi & Fierabracci, 2019).

Tanto la carga genética como los habitos dietéticos y otros
factores ambientales (uso de antibioticos, gestacion y tipo de parto,
lactancia materna, exposicion a toxicos) son capaces de afectar tanto la
composicion como la funcionalidad de la microbiota intestinal desde los

primeros anos de vida (Maslowski & Mackay, 2011).

La interaccion microbiota-huésped es fundamental, yva que
se conoce que esta impactaria en la integridad del epitelio intestinal
modulando la permeabilidad de la barrera intestinal y afectando su
capacidad absortiva de nutrientes y otras sustancias con capacidad
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inmunomoduladora (Gianchecchi & Fierabracci, 2019). La barrera
epitelial intestinal, constituida por una sola capa celular, representa
la interfaz entre el huésped y la microbiota, permitiendo que los
metabolitos accedan e interactiien con las células. En un individuo sano,
existe unarelacion de mutualismo y simbiosis entre los microorganismos
que forman parte de la microbiota intestinal llamado eubiosis. En
este contexto, la microbiota apoya el correcto funcionamiento de las
funciones metabolicas e inmunolodgicas, promueve la integridad de la
barrear intestinal, permite la absorcion y sintesis de vitaminas y protege
contra la entrada y crecimiento de enteropatogenos (Riccio & Rossano,
2015). Cuando este equilibrio se ve afectado, hablariamos de disbiosis,
situacion en la que existe una disminucion de la biodiversidad y un
crecimiento anormal de microorganismos patogenos. La disbiosis trae
consigo el deterioro de la barrera intestinal y de la mucosa permitiendo
el paso de microorganismos y toxinas bacterianas a la lamina propiay a
la circulacion sanguinea sistémica, rompiendo la homeostasis celular e
inmune del huésped y generando una hiperactivacion inmune sistémica

[179, 180].

Hoy dia, se sabe que un estado de disbiosis y aumento de la
permeabilidad intestinal generaria no solo alteraciones del sistema
inmunologico ligado a las mucosas sino también a nivel sistémico,
representando uno de los principales mecanismos y factores de riesgo
asociados a enfermedades inflamatorias, autoinmunes, metabolicas y
degenerativas (Chassaing & Gewirtz, 2014). De esta forma, el equilibrio
de la microbiota local del intestino, entendiéndose como el conjunto de
microorganismos que conviven en el mismo determinaria el estado del
microbioma del huésped, término que se refiere al conjunto total de los
genes de nuestra microbiota (Durack & Lynch, 2019).
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El microbioma esta implicado en una variedad de enfermedades
autoinmunes no solo a nivel digestivo como la EII (Larmonier, Shehab,
Ghishan, & Kiela, 2015), sino también a nivel neurocognitivo como la
esclerosis multiple, patologias endocrino-metabolicas como la diabetes
mellitus tipo 1 (DM1) y la tiroiditis, y entidades autoinmunes sistémicas
como la como la AR y el LES con datos que relacionan ciertos tipos de
bacterias y comunidades de microbios con cada patologia en concreto
(Opazo et al., 2018). La relacion entre disbiosis y otras entidades
autoinmunes e inflamatorias como enfermedades neurodegenerativas,
estados depresivos y enfermedades de la piel como la psoriasis han sido

también descritas (Opazo et al., 2018).

Chervonsky (Chervonsky, 2013), describe en su revision que son
varios los posibles mecanismos que explicarian como la disbiosis podria

generar autoinmunidad. Estos se describen a continuacion:

- El primer mecanismo, seria el mimetismo molecular que podria
generarse contra ciertos microbios, en el que la activacion de
los linfocitos T por antigenos organo especificos en ausencia
de infeccion (es decir, sin activacion de la respuesta innata-
adaptativa) generaria una respuesta inmune innata-adaptativa, el
ataque a autoantigenos existentes y la produccion de citoquinas
proinflamatorias generando autoinmunidad.
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Figura 4. Mecanismos por los cuales los microbios contribuyen al inicio o la gravedad
de la autoinmunidad. En todos los casos, el punto final es la destruccion de las células
objetivo del tejido (centro) por células autorreactivas (en rojo) o anticuerpos (no
mostrados).

- Mimetismo molecular: Los péptidos microbianos podrian ser lo suficientemente
idénticos o similares a los péptidos propios (izquierda) para inducir el ataque a los
tejidos propios.

- Respuestainmune innata: las células presentadoras de antigeno (APC) son activadas
por microbios a través de la senalizacion del receptor innatoy se expresa el antigeno
propio cuando hay una célula T autorreactiva.

- Amplificacién de la autoinmunidad por las citocinas: provocada por la activacion
microbiana de las APC profesionales y las llamadas células linfoides innatas (ILC),
que juntas inducen la produccion de citocinas por los linfocitos T. Estas citocinas
se dirigen a los linfocitos T autorreactivos y sus tejidos objetivo (parte inferior).
También podrian disminuir el trabajo de los linfocitos Treg.

Fuente (Chervonsky, 2013),

- El segundo mecanismo, se basa también en el mimetismo
molecular producido por ciertos microorganismos que acabaria
generando la activacion de la respuesta celular involucrando a las
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células presentadoras de antigenos (CPAs) en la patogenia. Las
CPAs podrian ser activadas por los microorganismos a través de
senalizadores de respuesta innata y expresar autoantigenos a los
linfocitos T, generando el proceso autoinmune. Este mecanismo

se conoce como “bystander activation”.

- Eltercer mecanismo seria el mas descrito y estudiado. En éste, la
activacion de las CPAs por los microorganismos y la produccion
de células linfoides innatas (ILCs) generarian la activacion de
linfocitos T autorreactivos y el consiguiente ataque alos tejidos. A
la par de ello, una reduccion de la funcionalidad de los linfocitos
T reguladores disminuiria la tolerancia a lo propio, aumentando
la autorreactividad y perpetuando el proceso inflamatorio y

autoinmune.

Las células dendriticas (CDs), constituyen las principales CPAs
a nivel intestinal y serian las principales involucradas en promover la
diferenciacion de linfocitos T para regular la tolerancia inmunitaria
(Geremia, Biancheri, Allan, Corazza, & Di Sabatino, 2014). Los linfocitos
T “naives” o nativos se convertirian en linfocitos T efectoras (Th) al
diferenciarse principalmente en: (1) linfocitos Th1 que contribuyen a la
eliminacion de patogenos intracelulares; (2) linfocitos Th2 que protegen
contra parasitos y median reacciones alérgicas; o (3) linfocitos Th17 que
contribuyen ala eliminacion de patogenos extranos (Geremia et al., 2014).
También, es posible la diferenciacion de los linfocitos T en linfocitos T
reguladores (Tregs), que reducen y controlan la respuesta inmunitaria
al suprimir la activacion y proliferacion de los efectores (Geremia et al.,

2014).
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En un estado de disbiosis las bacterias filamentosas segmentadas
(SFB)ylaproduccion de endotoxinas bacterianas como ellipopolisacarido
bacteriano (LPS) estimularian respuestas de linfocitos Thi7 vy
probablemente Thi (Gaboriau-Routhiau et al., 2009), los cuales podrian
generar reacciones autoinmunes en organos remotos (Opazo et al., 2018).
Asi, una alteracion del equilibrio entre los linfocitos Th y Treg podria
estar estrechamente asociada al desarrollo de patologias autoinmunes

(Fasching, Stradner, Graninger, Dejaco, & Fessler, 2017).
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Figuras. Composicion de la microbiotay su relacion conlas enfermedades autoinmunes
sistémicas. La dieta y otros factores ambientales modulan la composicion de la
microbiota intestinal positiva (eubiosis) o negativamente (dishiosis). En este ultimo
existe un aumento de la inflamacion y del riesgo de autoinmunidad sistémica. BFS,
bacterias filamentosas segmentadas; Thi7, células T ayudadoras 17; IL-1B, interleuquina
1 bela; iNKT; células asesinas naturales invariantes; IgE, inmunoglobulina E; EAE,
encefalitis autoinmune; DM-1, diabetes mellitus tipo 1. Fuente: elaboracion propia.

De esta forma, se ha observado que en enfermedades autoinmunes
ocurriria un estado de dishiosis que permitiria la colonizacion intestinal

de bacterias filamentosas segmentadas (SFB) activando los linfocitos Thi7

66



Analisis de la influencia de la alimentacion en el Lupus Eritematoso Sistémico (LES)

(Gaboriau-Routhiau et al., 2009), los cuales pueden migrar a la periferia,
generar efectos en la inmunidad sistémica y en el sistema nervioso
central (SNC) produciendo autoantigenos especificos, mientras que, en
un estado de eubiosis, las bacterias beneficiosas comensales atenuarian
esta inflamacion activando los linfocitos Treg (Fasching et al., 2017).
Ejemplos especificos sobre la relacion microbiota-autoinmunidad se han
descrito en la AR, por ejemplo, donde la activacion de la interleukinaip
(IL1B) por parte de la microbiota contribuye a su desarrollo a través de la
induccion de linfocitos Thi7 (Opazo et al., 2018). Por otra parte, la DM1 se
ha asociado con una relacion Firmicutes/Bacteroidetes disminuida, un
aumento de la permeabilidad intestinal y de la zonulina y disminucion de
ciertas cepas de bifidobacterias (Opazo et al., 2018) (Figura 5).

2.3.1. Relacion dieta - microbiota intestinal: impacto en el proceso
inflamatorio y autoinmune

Se sabe que la dieta puede tener un gran impacto sobre la
microbiota, que trasciende mas alla de la predisposiciony susceptibilidad
genética de una especie. Diversas revisiones apuntan a que el efecto
inmunomodulador de algunos componentes dietéticos como el omega 3
o los polifenoles sobre las enfermedades autoinmunes, podria explicarse
en gran parte por sus efectos a nivel de la microbiota intestinal (Dahan,
Segal, & Shoenfeld, 2017).

El modelo de dieta occidental, con alta participacion de alimentos
procesados, baja en fibra, rica en grasa saturada y productos animales
se ha asociado con efectos adversos sobre la salud en general, y mas
recientemente con alteraciones en el equilibrio delamicrobiota intestinal
(David et al., 2014).
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La fibra dietética con efecto prebiodtico representa la principal
fuente de consumo de los microorganismos intestinales por lo que, una
dieta baja en fibra y rica en productos de origen animal, disminuiria la
produccion de metabolitos resultantes de la fermentacion microbiana,
particularmente de acidos grasos de cadena corta (AGCC) (David et
al., 2014). Una baja produccion de AGCC se relaciona con deterioro
de la barrera mucosa y un desarrollo inadecuado de los linfocitos T
reguladores intestinales, favoreciendo un estado proinflamatorio (David
etal., 2014). Por el contrario, la ingesta de carbohidratos no digeribles con
funcion prebiotica como la inulina y los fructooligosacaridos aumentan
el crecimiento de bacterias beneficiosas productoras de AGCC, como las
Bifidobacterias y los Lactobacilos (David et al., 2014). Los mecanismos a
través de los cuales la fibra dietética y los AGCC ejercerian sus efectos
beneficiosos en la microbiota se explican en la figura 6.
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Figura 6. Fibra dietética, AGCC y homeostasis intestinal. Las principales acciones de los
AGCC sobre la microbiota intestinal pueden resumirse en: 1) “Exclusion competitiva”.
2) Aumento de produccion de moco por parte de las células epiteliales intestinales.3)
Secrecion de IgA por parte de los linfocitos B. 4) Reparacion del tejido y de la mucosa
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intestinal. 5) Induccion de linfocitos T reguladores. 6) Proteccion de la integridad del
epitelio a través de la activacion del inflamosoma y la produccion de IL-18. 7) Efeclos
antiinflamatorios mediante la inhibicion del NF-kB. IL-18, interleuquina 18; NF-
KB: NF-kB, factor nuclear potenciador de las cadenas ligeras kappa de las células B
activadas; IgA, inmunoglobulina A. Fuente: Elaboracion propia, imagen adaptada de
Thorburn et al., 2014

Los diversos mecanismos mediante los cuales los AGCC ejercen
diversos efectos positivos a nivel intestinal se encuentran descritos en
la Figura 6, la limitacion del acceso de bacterias patogenas al epitelio
intestinal por exclusion competitiva, la produccion de moco protector,
la promocion de procesos de reparacion tisular y el mantenimiento
de la integridad del epitelio son algunos de ellos. Ademas, otro de los
efectos de los AGCC, particularmente del butirato, es que influye
directa y positivamente a nivel inmunologico, activando la secrecion
de inmunoglobulina A por los linfocitos B, aumentando el nimero y
funcionalidad de los linfocitos Treg, la produccion de IL-18 y/o inhibicion
del NF-KkB que reduciriala expresion de moléculas asi como la produccion
de quimiocinas y citoquinas inflamatorias como el TNF-a , la IL-6 y el

interferon gamma (Thorburn et al., 2014) (Figura 6).

Se sabe que en patologias autoinmunes como la AR, una dieta alta
en fibra dietética o la suplementacion directa con AGCC puede atenuar la
enfermedad en modelos de AR experimental y disminuir la erosion osea
[105]. Este efecto también se ha podido observar en pacientes con AR en
los que los suplementos dietéticos ricos en fibra dieron lugar a cambios
importantes en la inmunidad con un aumento en el numero de linfocitos
T reguladores circulantes, relaciones favorables Thi / Thi7y disminucion
de los marcadores de erosion 0sea (Higer et al., 2019).

Al estudiar la microbiota fecal de pacientes con LES se observa
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que los mismos presentan disbiosis intestinal. Especificamente, estos
presentan alteraciones en la relacion Firmicutes/Bacteroidetes, los dos
grupos de bacterias mas abundantes de la microbiota con disminucion
de la poblacion de Firmicutes y un aumento de los Bacleroidetes (Hevia et

al., 2014).

En modelos murinos de LES se ha observado bajos niveles en las
poblaciones de Lactobacillus v aumento de las familias Lachnospiraceae ,
los cuales curiosamente se relacionan con un peor pronostico y un
aceleramiento de la enfermedad (Zhang, Liao, Sparks, & Luo, 2014).
También se ha demostrado que la microbiota fecal en el LES se relaciona
con un aumento de la activacion linfocitaria y de su diferenciacion en
Th17 en mayor medida que la microbiota de individuos sanos (Lopez et
al., 2016).

70



3. DIETA MEDITERRANEA

3.1. Conceptos y generalidades

La dieta mediterranea (DM) es un patron de alimentacion
tradicional basado en alimentos minimamente procesados, de temporada
y con prevalencia de elementos nutricionales tipicos de la zona del
Mediterraneo como el aceite de oliva, frutas y verduras frescas, semillas,
frutos secos y pescado (David, Bryan, Hodgson, & Murphy, 2015).

Segun la Fundacion Dieta Mediterranea, entre muchas de las
propiedades beneficiosas para la salud de este patron alimentario,
destaca el tipo de grasa que lo caracteriza (aceite de oliva, pescado y
frutos secos), las proporciones en los nutrientes principales que guardan
sus recetas (vegetales como base de la cocina tradicional; cereales, raices,
legumbres y pescados/carnes como platos principales y guarniciones) y
la riqueza en micronutrientes que la misma aporta, fruto de la utilizacion
de verduras de temporada, hierbas aromaticas y condimentos naturales
(Mediterranea, n.d.).

La DM fue originalmente descrita por Ancel Keys en la década de
los 80 como una alimentacion baja en grasas saturadas y rica en grasas
monoinsaturadas provenientes principalmente del aceite de oliva,
observada en las poblaciones de Grecia y en el Sur de Italia durante la
década los anos sesenta (Martinez-Gonzalez & Sanchez-Villegas, 2004).
Después de 25 anos de seguimiento, el Estudio de los Siete Paises (Seven
Countries Study) reveld que este patron de alimentacion estaba asociado
con un riesgo reducido de enfermedad coronaria en comparacion con
los paises del norte de Europa y los Estados Unidos (“Seven Countries:
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A Multivariate Analysis of Death and Coronary Heart Disease.,” 1980).
Desde entonces ha sido ampliamente estudiada por sus beneficios en la
salud y calidad de la vida en las poblaciones que la practican.

3.2. Composicion y beneficios de la dieta mediterranea

Existen multiples definiciones de la DM en la literatura cientifica,
sobre todo porquelamismaes comun en poblaciones de distintas regiones
y paises del mediterraneo; sin embargo, casi todas son planteadas desde
un punto de vista cualitativo. Sin embargo, todas comulgan en que
este patron de alimentacion integra algunos componentes clave como
una alta ingesta de aceite de oliva (prensado en frio), vegetales de hoja
verde y hortalizas, frutas, cereales, nueces, semillas y legumbres; una
ingesta moderada de pescado, carnes, productos lacteos y vino tinto y un
consumo minimo de azucares y productos azucarados (David et al., 2015).
Mas recientemente, un metaanalisis establecio de forma cuantitativa
los nutrientes y grupos de alimentos que integran la DM de la siguiente
manera: un promedio de 6 raciones de verduras o vegetales, unas 2-3
raciones de fruta, 6 raciones de cereales y legumbres y hasta 8 raciones
de aceite de oliva a diario (David et al., 2015). Esto equivaldria a un aporte
nutricional aproximado de 2225 kcal, 37% en forma de grasa total, de las
cuales, 19% como grasa monoinsaturada, 5% como grasa poliinsaturada
(1,4% de Omega 3 aproximadamente), 9% como grasa saturada;i5% de
proteinas; 43% de hidratos de carbono y un promedio de 33 gramos de
fibra dietética al dia (David et al., 2015).

Asi, la dieta mediterranea es baja en grasas saturadas y provee
un alto aporte de antioxidantes, hidratos de carbono complejos, fibra

dietética, ademas de acidos grasos monoinsaturados y del tipo omega 3,
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provenientes en su mayoria del aceite de oliva y del pescado (Mazzocchi,
Leone, Agostoni, & Pali-Schdll, 2019). Aunque el patron de alimentacion
mediterraneo nace en Europa se ha observado que el contenido
nutricional de la DM coincide con las recomendaciones de ingesta
de energia y nutrientes para otras poblaciones como la americana

(Mazzocchi et al., 2019).

Gran parte delos beneficios dela DM se atribuyen ala composicion
de los acidos grasos que forman parte de los alimentos que la integran.
Al analizar mas de cerca la DM, se observa que la composicion de sus
grasasy el ratio omega 6 : omega 3 es aproximadamente 2:1 (Simopoulos,
2001). Esta misma ratio es de 15:1 en poblaciones de Europa occidental
e incluso mayor en Estados Unidos, donde actualmente se recomienda

una proporcion de 5:1 (Simopoulos, 2001).

El aceite de oliva es la fuente mas representativa de grasas en la
DM. De sus variedades, es el aceite de oliva prensado al frio y virgen
extra (AOVE) es el que aportaria mas beneficios por su contenido en
acidos grasos monoinsaturados, componentes bioactivos y alto poder
nutricional (Mazzocchi et al., 2019). En el AOVE, la concentracion de
acidos grasos monoinsaturados de tipo oleico (C18:1 7-9) es mucho mayor
(55-83%) que la de otros acidos grasos (linoleico, palmitico o estearico)
la cual oscila entre 3y 21% (Mazzocchi et al., 2019). Sin embargo, mas
alla de su aporte de grasas, diversos componentes bioactivos del AOVE
podrian explicar su efecto protector del endotelio y sus propiedades
antioxidantes (Bendini et al., 2007), Estos componentes bioactivos
ocupan aproximadamente un 2% de la composicion del AOVE y estan
representados por fenoles, fitoesteroles, tocoferoles y pigmentos que
le otorgan estabilidad, atributos sensoriales (sabor amargo y fragancia)
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(Bendini et al., 2007). La oleuropeina y sus subproductos hidroxitirosol
y tirosol, son los compuestos fenolicos predominantes presentes en el
AOVE (Bendini et al., 2007). Su contribucion a la salud humana ha sido
ampliamente descritay sus propiedades antiinflamatorias, antioxidantes,
neuroprotectoras e inmunomoduladoras han demostrado ejercer efecto
tanto enla prevencion como en el tratamiento de enfermedades cronicas
(Santangelo et al., 2017).

Adicionalmenteal contenidodeacidosgrasosyfenolesprovenientes
del aceite de oliva, también son de destacar otros componentes que
integran el patron de alimentacion mediterraneo. La DM es rica en
verdurasy frutas de temporada, sofritos tradicionales abase de ajo, tomate
y hierbas frescas (orégano, menta, romero, perejil) los cuales proveen
cantidades importantes de fibra dietética, antioxidantes, fitoquimicos,
ademas de vitaminas C, E, carotenoides, glutation, resveratrol, selenio,
fitoestrogenos y folato (Simopoulos, 2001). Todos estos compuestos
ejercen un importante rol en la nutricion y salud que recientemente
se han relacionado con efectos en el microbioma humano que estaria
intimamente relacionado con las respuestas inflamatorias e inmunoldgicas del
organismo y que podria ser determinante en la prevencion y tratamiento
de multiples enfermedades cronico-degenerativas (Del Chierico et al.,

2014).

3.3. Dieta Mediterranea, inflamacion y enfermedades
cardio-metabolicas

La DM ha sido ampliamente estudiada no s6lo como un estilo
de alimentacion y de vida saludable, sino cientificamente aceptada

como una alternativa terapéutica para preservar la salud y prevenir

74



enfermedades cronicas no transmisibles. Son numerosos los estudios
que han relacionado un patron de alimentacion de alta calidad como la
DM con una menor incidencia y un mejor pronostico de enfermedades
cronicas e inflamatorias incluyendo la enfermedad cardiovascular
(Rosato et al., 2019), el sindrome metabolico, la obesidad, la diabetes y el

cancer (Ramon Estruch, 2010; Gotsis et al., 2015).

Varios estudios longitudinales realizados en grandes grupos
poblacionales han demostrado que la adherencia a la DM y un estilo de
vida saludable se asocia con una reduccion en mas del 50% de mortalidad
por todas las causas que incluian enfermedad coronaria, enfermedades
cardiovascularesy cancer (Knoops etal., 2004; A Trichopoulou, Costacou,
Bamia, & Trichopoulos, 2003). Del mismo modo, intervenciones
dietéticas revelan que la DM se asocia con efectos beneficiosos a nivel
cardiovascular (Ramon Estruch et al., 2006; M. A. Martinez-Gonzalez et

al., 2015).

Todas estas patologias tienen un destacado componente de
inflamacion cronica subclinica, y por tanto se ha postulado que gran
parte del efecto positivo de la DM sobre la salud podria deberse a su
capacidad de modular el proceso inflamatorio (Ramon Estruch, 2010).
Esto podria explicarse debido al efecto antioxidante que ejercen algunos
micronutrientes y factores dietéticos presentes en la DM, como los
polifenoles de verduras y frutas los cuales protegen a las células del dano
causado por los radicales libres de oxigeno (ROS) y las especies reactivas
de nitrogeno (RNS) (Kaliora, Dedoussis, & Schmidt, 2006). De igual forma
la vitamina C, los MUFAs, el omega 3, la fibra dietética y los carotenoides
representarian elementos clave presentes en la dieta mediterranea que

ayudarian disminuir los niveles de lipoproteinas de baja densidad (LDL),
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triglicéridos, niveles de fibrindgeno y la peroxidacion lipidica (David et
al., 2015). Lo anterior, sumado alos importantes efectos beneficiosos de la
DM sobre el control de la hipertension podrian explicar el menor riesgo
cardiovascular entre las poblaciones que la practican (Ramon Estruch et

al., 2000).

A nivel molecular, se postula que la DM estaria implicada en
modular la inflamacion que se presenta a nivel endotelial. Ademas de la
acumulacion de lipidos en la pared vascular, se sabe que la aterosclerosis,
el proceso que precede a la enfermedad cardiovascular, esta altamente
relacionada conlos niveles de inflamacion del organismo (Hansson, 2005).
La etiopatogenia de la aterosclerosis temprana involucra en primer lugar
el reclutamiento de monocitos de la circulacion sanguinea, su adhesion
al endotelio y finalmente la union de moléculas microbianas endogenas
que inducen su activacion y liberacion de citoquinas proinflamatorias,
quimiocinas, radicales libres de oxigeno y otras moléculas inflamatorias
que terminan generando el dano al endotelio (Figura 7) (Hansson, 2005).
Es de destacar también el rol de células del sistema inmunitario como los
linfocitos T en la aterosclerosis, los cuales producen citoquinas de tipo
Th1 proinflamatorias, generando la activacion de macrofagos y células
de la pared vascular y perpetuando la inflamacion (Figura 8) (Hansson,
2005). La inflamacion cronica también parece influir en la inestabilidad,
la ruptura de la placa ateromatosa y la posterior aparicion de eventos
isquémicos en etapas avanzadas de la enfermedad cardiovascular

(Hansson, 2005).
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Figura 7. Rol de los macrofagos en la aterosclerosis. Los monocitos reclutados a
través del endotelio activado se diferencian en macrofagos. Moléculas endogenas y
microbianas pueden unirse receptores de reconocimiento de patrones (receptores tipo
toll) en estas células generando la liberacion de citocinas inflamatorias, quimiocinas,
radicales de oxigeno y nitrogeno y otras moléculas inflamatorias y, en tltima instancia,
a inflamacion y dano al tejido. Fuente: (Hansson, 2005)
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Figura 8. Rol de los linfocitos T en la aterosclerosis. Los antigenos presentados por los
macrofagos y las células dendriticas (células presentadoras de antigeno) desencadenan la
activacion delos linfocitos T especificos de antigeno en la arteria. Lamayoria de los linfocitos
T activados producen citocinas Thi (por ejemplo, interferén-y), que activan los macrafagos
y las células vasculares, lo que provoca inflamacion. Los linfocitos T reguladores modulan
el proceso mediante la secrecion de citocinas antiinflamatorias (como la interleucina-10 y
el factor de crecimiento transformante p). Fuente: (Hansson, 2005)

Por otra parte, el impacto de la DM sobre el metabolismo de
la glucosa, el control de la insulina y la obesidad abdominal también
explicarian los beneficios de este patron de alimentacion sobre el
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riesgo cardiovascular (Agnoli et al., 2018; Babio et al., 2009). El rol de
la insulina en la inflamacion cronica subclinica es también un factor a
considerar (Rehman & Akash, 2016) (Figura 9). Se sabe que en los estados
de inflamacion cronica existe un aumento en los niveles plasmaticos de
numerosas citoquinas proinflamatorias, especialmentelas interleuquinas
IL-1B8 e IL-6, los niveles de PCR entre otras citoquinas y quimiocinas
(Rehman & Akash, 2016). Estos marcadores proinflamatorios junto con
el factor de necrosis tumoral alfa (TNF-a) estan directa o indirectamente
relacionados con un estado de hiperinsulinismo e insulinorresistencia
que comunmente se encuentran acompanados por otros factores de
riesgo como obesidad, hipertension o dislipidemia (Rehman & Akash,
2016).
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Figura 9. Inflamacion cronica en la insulinorresistencia. La hiperglucemia y la
dislipidemia provocan la activacion de mediadores proinflamatorios medianle su
participacion en varias vias metabdlicas. Una vez que se liberan estos mediadores
proinflamatorios, inducen inflamacion sistémica, insulinorresitencia en los tejidos
periféricos y una secrecion alterada de insulina en los islotes pancreaticos que
finalmente podria conducir a alteraciones como la diabeles mellitus tipo 2 (DM2).
Fuente: (Rehman & Akash, 2016).
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La adherencia a la DM esta relacionada con una mayor capacidad
antioxidante (Kaliora et al., 2006) que disminuiria el estrés oxidativo,
proceso biologico clave en la resistencia ala insulina yla disfuncion de las
células B (beta) pancreaticas (Tangvarasittichai, 2015). Adicionalmente, el
alto contenido en magnesio presente en verduras, legumbres y frutos
secos; fibra dietética y acidos grasos mono y poliinsaturados también
ejerceria un papel crucial en la mejora de la sensibilidad ala insulina y el

metabolismo de la glucosa (Babio et al., 20009).

Por otro lado, la adherencia a un patréon de DM ha demostrado
prevenir la ganancia de peso y la acumulacion de grasa visceral
(Agnoli et al., 2018). Esta bien descrito que el sobrepeso y la obesidad,
particularmente a expensas de grasa abdominal o visceral, da como
resultado un aumento de la resistencia a la insulina, lo cual aumentaria
los niveles de inflamacion y el riesgo de ECV entre otras complicaciones
(Babio et al., 2009). Adicionalmente, una mayor adherencia a la DM
se ha asociado con mayores niveles de adiponectina tanto en sujetos
sanos (Fragopoulou et al., 2010) como en individuos con resistencia a la
insulina y DM2 (Mantzoros, Williams, Manson, Meigs, & Hu, 2006). La
adiponectina es una hormona con accion antiinflamatoria sintetizada
por el tejido adiposo cuyos niveles se relacionan inversamente con
estados metabdlicos adversos como la DM2, el sindrome metabolico, la
dislipidemia y el riesgo de ECV (Ellulu, Patimah, Khaza’ai, Rahmat, &
Abed, 2017; Georgoulis, Kontogianni, & Yiannakouris, 2014).

Sehadescrito también unaimportante relacion entrelaadherencia
a la DM vy la reduccion del riesgo de enfermedad cerebrovascular y de
enfermedades neurodegenerativas. Sujetos con una alta adherencia
a la DM podrian tener hasta un 40% menos de riesgo de presentar un
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infarto cerebral (Sofi, Abbate, Gensini, & Casini, 2010). Se presume
el alto contenido en polifenoles en la DM sumado a los acidos grasos
poliinsaturados (omega 3 del pescado) y monoinsaturados (aceite de
oliva) ejercerian una accion antiinflamatoria directa en el tejido vascular
del cerebro disminuyendo la activacion de cascadas inflamatorias a
nivel local y deteniendo el proceso neurodegenerativo, responsable
de enfermedades como el Alzheimer y la demencia [135]. Resultados
de uno de los estudios del proyecto PREDIMED (Prevencion con Dieta
Mediterranea) desarrollado por Valls-Pedret y col., demuestran que
algunos polifenoles presentes en el aceite de oliva, las nueces y el vino
tinto (consumo moderado), se asociaron de forma independiente con
una mejor funcion cognitiva y altos niveles plasmaticos de acidos grasos
omega 3 (Valls-Pedret et al., 2012). Lo anterior sugiere que ademas de
la proteccion vascular, existen también mecanismos bioldgicos no
vasculares como el estrés oxidativo, la inflamacion y cambios metabolicos
y hormonales que podrian mejorar la funcion cognitiva, una razon mas
que respalda la importancia del patron de la DM en el control de las
enfermedades cronicas y degenerativas y su rol en el mantenimiento de
la salud y longevidad.

3.4. Dieta Mediterranea y autoinmunidad

Recientes estudios han demostrado que la dieta mediterranea
podria impactar positivamente en las enfermedades autoinmunes
(Forsyth et al., 2018; McKellar et al., 2007; Sedaghat, Jessri, Behrooz,
Mirghotbi, & Rashidkhani, 2016; Skoldstam, Hagfors, & Johansson,
2003a; Veronese et al., 2016). En enfermedades autoinmunes sistémicas
como la EM, la DM parece disminuir el riesgo de incidencia (Sedaghat et
al., 2016). Por otro lado, intervenciones con DM han demostrado modular

la inflamacion, aumentar la capacidad funcional y mejorar la sensacion
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de vitalidad en la AR, siendo util en la prevencion y tratamiento de la
enfermedad (Forsyth et al., 2018). Un estudio de intervencion con
DM durante 3 meses realizado por McKellar et al. en mujeres con AR,
demostro una mejoria en el dolor y la capacidad funcional, asi como
una reduccion de la escala visual del dolor y la rigidez matutina a los
6 meses (McKellar et al., 2007). Otro estudio de intervencion con DM
durante 12 semanas mostro una reduccion en la actividad inflamatoria
de la enfermedad, un aumento de la capacidad fisica y de la vitalidad
en pacientes con AR (Skoldstam et al., 2003). Hallazgos similares se han
observado en otras enfermedades autoinmunes como, por ejemplo, la
osteoartritis (OA) donde una mayor adherencia ala DM se asocio con una
mejor calidad de vida, menos dolor y discapacidad, y menor riesgo de
depresion asociada a la enfermedad (Veronese et al., 2016).

Los beneficios de la DM en pacientes con enfermedades
autoinmunes podrian explicarse por su efecto modulador sobre el
proceso inflamatorio (Sureda et al., 2018). La presencia de aceite de oliva,
ciertos nutrientes como omega 3, carotenoides y vitamina C, asi como
polifenoles con actividad antioxidante e inmunomoduladora presentes
en la DM podrian controlar la respuesta inflamatoria de forma aguda y
cronica (Casas et al., 2016). En efecto, una baja adherencia a la DM se
asocia a un peor perfil de marcadores inflamatorios, especificamente del
TNF-q, el factor activador de plasminogeno 1 (PAI-1) y la PCR en adultos
sanos espanoles (Sureda et al., 2018). En enfermedades autoinmunes
como la ARy la osteoastrititis, se ha observado también una reduccion en
marcadores de inflamacion tras intervenciones con DM o con patrones
de alimentacion similares (Béarebring, Winkvist, Gjertsson, & Lindqvist,

2018; Dyer, Davison, Marcora, & Mauger, 2017).
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También, tal como se describiéo ampliamente en lineas anteriores,
se sabe que el consumo de una dieta proinflamatoria esta relacionado
con un mayor riesgo de obesidad y sindrome metabdlico (Gotsis et al.,
2015), ambos factores asociados al estado inflamatorio generado por
la autoinmunidad darian lugar a un mayor riesgo cardiovascular y de
complicaciones en las enfermedades autoinmunes (Carbone et al., 2016).
Asl, los cambios en la dieta en las ultimas décadas, sobre todo en paises
occidentales en donde se han sustituido los patrones de alimentacion
tradicional por alimentos altamente procesados, palatables, ricos en
azucares y grasas y bajos en micronutrientes podrian explicar la mayor
incidencia de enfermedades alérgicas, inflamatorias y autoinmunes

(Figura 10) (De Rosa et al., 2015; Thorburn et al., 2014).

1 PUFAs, MUFAs
. | Fiber, pre-probiotics
MedDiet

] Natural antioxidants

1 Minerals, Vitamins

Immune
System

Figura 10. Diversos mecanismos por los cuales la DM podria influenciar en el desarrollo
de enfermedades inflamatorias y autoinmunes. La alta presencia de acidos grasos
monoinsaturados (MUFAs), poliinsaturados (PUFAs), fibra dietética y prebidticos asi
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comovitaminasyminerales con accion antioxidante dela DM ejercerian efectos positivos
en el sistema inmunoldgico a través de cambios en la microbiota intestinal, control de
mediadores inflamatorios, cambios celulares y a través de mecanismos epigenéticos.
Esto, repercutiria positivamente en el estado de salud general, disminuyendo el riesgo
de enfermedades cardio-metabolicas, cancer, alergias y autoinmunidad. Fuente:
(Mazzocchi et al., 2019)

Por otra parte, como se ha descrito anteriormente, el patron
de alimentacion se relaciona con el estado de la microbiota intestinal
que influiria en la regulacion del sistema inmunitario y podria influir
sobre los procesos de autoinmunidad (Garcia-Mantrana, Selma-Royo,
Alcantara, & Collado, 2018).

3.4.1. Factores nutricionales caracteristicos de laDMy
autoinmunidad

3.4.1.1. Aceite de oliva virgen extra (AOVE) y sus fenoles

Varios estudios experimentalesy epidemiologicos han demostrado
que el AOVE podria tener efectos preventivos sobre las enfermedades
inflamatorias y autoinmunes especialmente en la aterosclerosis, AR,
diabetes, obesidad, cancer, la EIl v en procesos neurodegenerativos
(Casas, Estruch, & Sacanella, 2017). Estudios recientes en modelos
murinos de LES y AR han demostrado que una dieta elaborada con AOVE
rico en fenoles mejoralas caracteristicas clinicas e histologicas (Aparicio-
Soto et al., 2017; Aparicio-Soto, Sanchez-Hidalgo, Cardeno, et al., 2016;
Aparicio-Soto, Sanchez-Hidalgo, Rosillo, Castejon, & Alarcon-de-la-
Lastra, 2016). El mecanismo a través del cual el AOVE ejerce su efecto
positivo parece estar mediado por una disminucion de la activacion de
las vias de senalizacion mediadas porlos transductores de senales Janus-
Quinasas (JAK/STAT), protein quinasas MAP (MAPK) y el factor nuclear

de cadenas kappa de las células B activadas (NF-xB) que participan en
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las vias de inflamacion (Aparicio- Soto, Sanchez-Hidalgo, Cardeno, et
al., 2016). Esto daria lugar a una disminucion en los niveles séricos de
metaloproteinasa 3 (MMP-3), de prostagladinas (PGE2), asi como de la
produccion de IL-6, [L-10, IL-17y TNF-a en esplenocitos (Aparicio-Soto,
Sanchez-Hidalgo, Cardeno, et al., 2016).

Este efecto se ha comprobado también mediante ensayos in
vitro con células de sangre periférica (PBMC) de pacientes con LES.
Se ha observado que los compuestos fenodlicos del AOVE modulan la
produccion de citoquinas y la activacion de células T a través de la via
de senalizacion de NF-xB aumentandose la expresion de la IL-6, TNF-«
e IL-10 y disminuyendo la IL-1f8. Los fenoles del AOVE ejercerian por
tanto un papel antiinflamatorio e inmunomodulador que se podria
aplicar potencialmente como estrategia dietética en el manejo del LES
(Aparicio-Soto et al., 2017).

3.4.1.2. Polifenoles

Parte de los beneficios asociados a la DM se atribuyen a su elevado
contenido en polifenoles (Billingsley & Carbone, 2018). Representan un
conjunto de compuestos bioactivos presentes en alimentos de origen
vegetal principalmente frutas y verduras, asi como legumbres, especias,
cacao, vino tinto, téy café. Son compuestos que poseen una alta capacidad
antiinflamatoria, antioxidante, antimicrobiana e inmunomoduladora
(Lin et al., 2016).

En los ultimos anos se ha comenzado a explorar su efecto condiciones
inflamatorias y enfermedades autoinmunes, principalmente la AR,

el LES o la EIl. En el contexto de una enfermedad autoinmune, los
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polifenoles destacarian por su capacidad antioxidante, reduciendo
los efectos negativos de las especies reactivas de oxigeno producidas
por la activacion del sistema inmunitario. Por otro lado, son varios los
mecanismos que explicarian su actividad inmunomoduladora (Kahn et
al., 2019) (Figura 11).

activation

- Prostaglandins

- Thromboxanes A2
- HETEs

- Leukotrienes

Figura 11. Principales puntos de accion propuestos de los polifenoles en enfermedades
autoinmunes (+ significa activacion y - inhibicion). Akt, proteina quinasa B; COX,
ciclooxigenasa; ERK-1/2, quinasas reguladas por senal extracelular »2; IxBs, proteinas
inhibidoras de kB; IKK, IxBs quinasa; JNKs, c-Jun quinasas aminoterminales; LOX,
lipoxigenasa; MAPKs, proteina quinasas activadas por mitégeno; p38, p38, proteina
quinasa activada por mitogeno; PI3K, fosfatidilinositol 3-quinasa; PLA2, fosfolipasa A2;
PTEN, homologo de fosfatasa y tensina; SIRT1, sirtuina 1. Fuente: (Khan et al., 2019).

En primerlugar,los polifenoles modulan varias vias de senalizacion

que conducen a cambios en la expresion de genes que codifican la
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produccion de citocinas proinflamatorias, enzimas ciclooxigenasas
(COX), lipoxigenasas (LOX), la fosfolipasa A2 (PLA2) y el 6xido nitrico
sintetasa (iNOS) que participan en la modulacion del tipo, ntimero
y diferenciacion de células del sistema inmunitario y su actividad
antioxidante y antiinflamatoria (Khan et al., 2019).

Otro de los mecanismos mediado por polifenoles, seria a través
de cambios en varios puntos de la cascada de senalizacion mediada por
el NF-kB que regula la expresion de genes implicados en el proceso
inflamatorio incluyendo las enzimas COX (COX-2), varas citoquinas
proinflamatorias [TNFa, IL-1, IL-2,IL.-6 and IL-8], quimiocinas, moléculas
de adhesion endotelial (VCAM-1, ICAM-1), factores de crecimiento e

inmunoreceptores (T. Liu, Zhang, Joo, & Sun, 2017).

Los polifenoles también ejercerian su accion a través de la
inhibicion de las vias mediadas por proteinas quinasas activadas por
mitogenos (MAPK) como JNK (c-Junamino-terminales quinasas), ERK-
1/2 (quinasas reguladas por senal extracelular) ylas p38 / SAPK (proteinas
quinasas activadas por estrés) o fosfatidilinositol 3-quinasa / proteina
quinasa B (PI3K / Akt), lo que generaria una disminucion de la expresion
y la liberacion de mediadores de la inflamacion, como el TNF o las
moléculas de adhesion (Khan et al., 2019).

Por otra parte, se ha demostrado también la existencia de
modificaciones epigenéticas inducidas porlos polifenoles que conduciria
a la modulacion de la expresion de genes del proceso inflamatorio en
ausencia de cambios en las secuencias de ADN (I. Rahman & Chung,
2010). De esta forma, v a través de diversos mecanismos los polifenoles

se muestran como factores dietéticos de gran relevancia y utilidad
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clinica en el manejo de las enfermedades inflamatorias y autoinmunes.
Entre ellos, han sido estudiados de forma especifica algunos como los
extractos de Gingko biloba y las epicatequinas presentes en el té verde
por su efectividad en el vitiligo, la colitis ulcerosa y la EM (Khan et al.,
2019). La curcumina presente en la ctiircuma, el resveratrol presente
en frutas y vino tinto también han sido estudiados por su eficacia en
diversas enfermedades autoinmunes (Khan et al., 2019). La quercetina,
un flavonoide presente en altas cantidades en verduras como cebolla,
puerro, cebollino y ajo, altamente presentes en la DM han demostrado
efectos beneficiosos en la reduccion del estrés oxidativo en pacientes
con sarcoidosis (Khan et al., 2019). En conjunto, los polifenoles muestran
como candidatos prometedores para el desarrollo de nuevas terapias en
enfermedades autoinmunes.

3.4.1.3. Acidos grasos

El tipo de grasas que se incluyen en la alimentacion humana
pueden tener un papel importante sobre la inflamacion y la respuesta
inmunologica del organismo. Dependiendo de su naturaleza pueden
ejercer una funcion proinflamatoria o inmunomoduladora. Una dieta
rica en acidos grasos saturados y trans procedentes de alimentos de origen
animal y/o alimentos procesados se han relacionado con un aumento en
los niveles de marcadores proinflamatorios y del riesgo de desarrollar
enfermedades autoinmunes como AR o EII (Radzikowska et al., 2019). Por
el contrario, los acidos grasos insaturados parecen tener propiedades
antiinflamatorias y se han relacionado con una disminucion en el riesgo
y gravedad de diversas enfermedades autoinmunes (Fritsche, 2006;
Radzikowska et al., 2019).
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El mecanismo por el cual los acidos grasos poliinsaturados
(PUFAs) del tipo omega 3 ejercerian su accion antiinflamatoria e
inmunomoduladora es diversa y se ha descrito ampliamente. Actian
inhibiendo la quimiotaxis de leucocitos, la expresion de moléculas
de adhesion y la produccion de citocinas inflamatorias a través de la
puesta en marcha de mediadores especializados en la resolucion de los
procesos inflamatorios como lipoxinas, resolvinas, proteinas y maresinas
(Molfino, Amabile, Monti, & Muscaritoli, 2017). A nivel inmunitario, los
PUFAs aumentan el namero de células T reguladoras y disminuyen la
proliferacion, activacion y diferenciacion de linfocitos proinflamatorios
del subtipo Th1/Thi7, involucrados en los procesos de autoinmunidad;
mientras que los acidos grasos saturados conllevan a la activacion y

diferenciacion de los mismos (Figura 12) (Radzikowska et al., 2019).
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Figura 12. Mecanismo de accion de los dcidos grasos provenientes de la dieta sobre las
células T. 1—inhibicion; ft—activacion; PUFAs—Acidos grasos poliinsaturados; SFAs—
Acidos grasos saturados; Thi—Linfocitos T helper 1; Thi7—Linfocitos T helper 17; Treg—
Linfocitos T reguladores; IL-18—Interleuquina-1 Beta; IFN-y—Interferén-Gamma; IL-
17—Interleuquina-17; IL-6—Interleuquina-6; IL-2—Interleuquina-2; IL-2R—Receptor
de la interleuquina 2; CXCR3—Receptor de la quemoquina 3. Fuente: (Radzikowska et
al., 2019).

Experimentos in vitro han demostrado también que los acidos
grasos omega 3 de origen marino son capaces de modular la respuesta
inmune inhibiendo la secrecion de citoquinas proinflamatorias,
disminuyendo la secrecion de especies reactivas de oxigeno (ROS),
inhibiendo la proliferacion de linfocitos T y la secrecion de IL-12, asi
como disminuyendo la expresion de moléculas MHC de clase 11 y la

presentacion antigénica (Radzikowska et al., 2019).
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Por otra parte, estudios en modelos animales y ensayos clinicos
de suplementacion de acidos grasos omega 3 han mostrado sus efectos
beneficiosos en varias enfermedades autoinmunes. En el caso dela AR, la
mayoriade ensayos clinicoshan evidenciadola capacidad antiinflamatoria
de la suplementacion con omega 3 con efectos como reduccion del
numero de articulaciones inflamadas y del dolor articular o disminucion
en la ingesta de farmacos antiinflamatorios (Tedeschi & Costenbader,
2016). En pacientes con LES, ademas del efecto antiinflamatorio, el
consumo de omega 3 podria ser util en la reduccion de los ROS, del
riesgo cardiovascular y de la presion arterial, estando también asociado
a un menor dano renal, a una disminucion en los niveles de anticuerpos
anti-dsDNAy de citoquinas proinflamatorias (IL-1a, IL-1B, IL- 2) y TNF-«
[155-157]. La dosis establecida para estos beneficios parece ser de al
menos 2 g / dia para lograr un efecto antiinflamatorio (24), sin embargo,
se requeririan mas estudios para poder establecer la dosis realmente
beneficiosa en el tratamiento del LES (Calder, 2015).

La naturaleza tan heterogénea del LES y del espectro de
condiciones autoinmunes hacen que el manejo terapéutico de las
mismas sea bastante complejo. Los hallazgos anteriormente expuestos
sugieren que, tanto componentes nutricionales especificos como la fibra
dietética, asi como el patron dietético ejercen una importante influencia
en el sistema inmunitario y en el control de la inflamacion que a su vez
podria guardar relacion con cambios en la composicion, diversidad y
actividad de la microbiota intestinal. De esta forma, la terapia nutricional
en conjunto con la adecuada intervencion médica pudiera constituir una

importante diana terapéutica en el tratamiento de estas patologias.
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1. JUSTIFICACION

Las enfermedades autoinmunes sistémicas, se caracterizan por
un importante componente inflamatorio y degenerativo; y, en la mayoria
ellas, mas concretamente del LES, el manejo terapéutico no solo es
complicado por la diversidad de los sintomas, sino también por la amplia
gama de efectos secundarios asociados a los farmacos utilizados que
unicamente logran disminuir la sintomatologia asociada y disminuir la

progresion de las crisis o brotes.

A la fecha, existen numerosos trabajos que hablan no sélo de la
capacidad de ciertos nutrientes de modular la respuesta inflamatoria
e inmune sino también del importante papel del estilo de vida, entre
los que se incluye el tipo de dieta, el peso corporal, el estrés y el
ejercicio como factores determinantes en la prevencion y tratamiento
de algunas enfermedades autoinmunes y sistémicas como la AR y la
EM. La dieta mediterranea, es un patron de alimentacion ampliamente
estudiado por su capacidad antiinflamatoria en diversas enfermedades
cronicas (cardiovasculares, diabetes, hipertension, obesidad) y mas
recientemente se ha visto su efecto posible efecto inmunomodulador
en enfermedades autoinmunes sistémica como la AR. Sin embargo, con
respecto al LES, la informacion existente sobre su posible relacion con
la alimentacion es escasa, salvo algunos estudios que describen el rol de
ciertos factores nutricionales en concreto en la prevencion y tratamiento
de esta condicion. De hecho, y teniendo en cuenta las multiples
complicaciones del LES, incluyendo la enfermedad cardiovascular, a la
fecha, no existe ningun estudio que evalue y relacione en una misma
investigacion la posible influencia de un patron de alimentacion como
la dieta mediterranea y de sus factores nutricionales con la con la
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progresion, dano y complicaciones cardiovasculares en el LES. Por
ello, considerando los beneficios de la dieta mediterranea como patron
alimentario asociado ala poblacion espanola, seria interesante el estudio
de su adherencia en pacientes con LES, asi como la influencia de ciertos
factores nutricionales asociados a la misma y su relacion a la actividad,
gravedad y pronostico de la enfermedad. Todo esto, permitiria establecer
posibles dianas terapéuticas de tratamiento complementario en la
enfermedad, disminuyendo el riesgo de complicaciones y mejorando la

calidad de vida de estos pacientes.
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2. OBJETIVOS

2.1. Objetivo general

Investigarlainfluencia del patron de alimentacion en el lupus eritematoso

sistémico.

2.2. Objetivos especificos

e Evaluar los habitos alimentarios y el estado nutricional de los
pacientes con LES (publicacion 1).

e [istudiar la influencia de la calidad de la dieta sobre el riesgo
cardiovascular y el estado inflamatorio en pacientes con LES
(publicaciones 2y 3).

e Investigarlainfluencia del estado nutricional de los pacientes con
LES sobre los marcadores de inflamacion, indices de actividad
(SLEDAI) y danio (SDI) (publicacion 4, 5 6).

e Determinar el nivel de adherencia a la dieta mediterranea en
los pacientes con LES y su relacion con los indices de actividad
(SLEDAI), dano (SDI), parametros clinicos, asi como con el riesgo
cardiovascular (publicacion 7).

Los titulos de las publicaciones relacionadas con estos objetivos son:

1. Dietary intake and nutritional status in patients with systemic lupus
erythematosus.
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o8

2. Diet Quality and High-Sensitivity C-Reactive Protein in Patients

with Systemic Lupus Erythematosus.

. Dietary inflammatory index (DII®) and cardiovascular risk markers

in woman with systemic lupus ervthematosus (SLE).

The Relationships of High-Sensitivity C-Reactive Protein and
Homocysteine Levels With Disease Activity, Damage Accrual, and
Cardiovascular Risk in Systemic Lupus Erythematosus

The Prognostic Nutritional Index and Nutritional Risk Index Are Associated

with Disease Activity in Patients with Systemic Lupus Erythematosus.

The impact of obesity on disease activity, damage accrual,
inflammation markers and cardiovascular risk factors in systemic
lupus erythematosus.

Beneficial effect of Mediterranean diet on disease activity and
cardiovascular risk in Systemic Lupus Erythematosus patients: a
cross-sectional study.
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3. DISENO EXPERIMENTAL

Para conseguirlos objetivos anteriormente mencionados se diseno
un estudio observacional de caracter transversal en el que participaron
cinco Hospitales publicos de la Junta de Andalucia: Hospital Clinico San
Cecilio (Granada), Complejo Hospitalario Universitario de Jaén, Hospital
delEjido (Almeria), del Hospital Regional Universitario de Malaga, Hospital
Universitario Torrecardenas (Almeria). Se seleccionaron pacientes con
diagnostico de LES que asistieron durante el periodo de enero 2016 a
mayo de 2019 a su consulta de revision en las Unidades de Enfermedades
autoinmunes sistémicas de los diferentes hospitales mencionados. El
protocolo experimental de recogida de datos fue aprobado por el Comité
de Etica de Investigacion de Granada.

RECLUTAMIENTO
DE SUJETOS

(Hospitales de Andalucia)

Recogida de datos clinicos Valoracion y

y parametros analiticos. entrevista nutricional

+ Caracteristicas clinicas: SLEDAI,  + Variables antropométricas

SLICC, anticuerpos, marcadores
de inflamacion, tratamiento
farmacologico.

Factores de riesgo
cardiovascular: perfil lipidico,
presion arterial, obesidad.

(hioimpedancia eléctrica)

Patron dietético: recordatorio
de comidas de 24h, adherencia
ala Dieta Mediterranea, etc.

Indice tobillo brazo

Nivel de actividad fisica

Figura 13. Diseno experimental seguido en el desarrollo de la presente Tesis Doctoral.
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3.1. Poblacion de estudio

La poblacion estuvo constituida por pacientes adultos de ambos
sexos con edades comprendidas entre los 18 y 8o anos diagnosticados
con LES. Todos los pacientes reunian los criterios clasificatorios para
LES del American College of Rheumatology (ACR/SLICC) (Petri et al., 2012).
Los participantes tenian diagnostico de LES confirmado al menos un
ano antes del comienzo del estudio, y estaban clinicamente estables
sin cambios en la puntuacion del indice de actividad de la enfermedad
(SLEDAI-2K) (D. D. Gladman et al., 2002) ni en el tratamiento médico
durante los seis meses anteriores al estudio. Se excluyeron pacientes con
niveles de creatinina sérica > 1,5 mg/dL, enfermedad cerebrovascular,
cardiopatia isquémica, infecciones agudas activas, traumatismo mayor
o cirugia en los seis meses anteriores, embarazo u otras afecciones
sistémicas cronicas y/o autoinmunes no relacionadas con la enfermedad
principal.

3.2. Procedimiento

Tras efectuarse la consulta médica en cada una de las entidades
hospitalarias, y una vez valorados por el facultativo especialista se
selecciono a los pacientes que cumplian con los criterios de inclusion,
explicandoles el procedimiento del estudio y promoviendo su
participacion voluntaria. Tras su aceptacion, cada paciente firmd un
consentimiento escrito (Anexo 4) parala participacion en lainvestigacion.
En todo momento se garantizo el derecho a la proteccion de datos de
caracter personal tal y como se indica en la Ley Organica de Proteccion
de Datos de Caracter Personal 15/99. Posteriormente a ello, se procedio
a la entrevista y valoracion nutricional en la que de forma detallada
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se interrogo a cada sujeto para la recoleccion de datos, sobre habitos

alimentarios, habitos toxicos y actividad fisica. A tal efecto se utilizaron

los instrumentos que se detallan a continuacion.

3.2.12. Documento de recogida de datos sociodemograficos y
clinicos (Anexo 5)

Datos demograficos: se recogié informacion sobre la edad, sexo,

raza, fecha de nacimiento y fecha de la evaluacion.

Datos clinicos: se realizo una valoracion clinica basal recogiendo
los datos que se detallan a continuacion. Fecha de diagnostico
del LES, manifestaciones acumuladas de la enfermedad,
indice de actividad (SLEDAI-2K) (D. D. Gladman et al., 2002),
indice de cronicidad (SDI) (D. Gladman et al., 1996), estado de
menopausia, prescripcion farmacologica en los ultimos 6 meses
(inmunosupresores, glucocorticoides, suplementacion con calcio,
suplementacion con vitamina D, bifosfonatos, antihipertensivos,
estatinas y tratamientos biologicos). Ademas, se determind la
presencia de diagnosticos previos de hipertension, dislipidemia,
hiperglucemiay obesidad como factores de riesgo cardiovascular.
Como datos complementarios se recolecto en parte de los
pacientes el resultado de la densitometria 6sea (DEXA) mas
reciente (no mayor a 6 meses de antigiiedad).

Analitica sanguinea: Se registraron los datos hematologicos,
bioquimicos e inmunologicos de la analitica mas reciente
registrada en el Servicio Andaluz de Salud (SAS) en el momento
de la valoracion. Se recogieron datos sobre (i) valores hematoldgicos

(hemoglobina, leucocitos, linfocitos, plaquetas), (ii) lipidos séricos
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(colesterol total, fracciones de lipoproteinas de baja densidad
(LDL) y lipoproteinas de alta densidad (HDL) y triglicéridos), (iii)
vitamina D en suero (25-OH VitD), (iv) marcadores inflamatorios
(proteina C reactiva (PCR), homocisteina (Hcy) y fibrinogeno) y (v)
marcadores inmunoldgicos: anticuerpos antifosfolipidos, titulos
de anticuerpos anti ADN de doble cadena (anti-dsDNA) y fracciones

del complemento C3y C4).

3.2.2. Valoracion antropomeétrica

Se utilizo un analizador de composicion corporal (TANITA BC-
418MA®) para medir el peso corporal (kg) y el porcentaje de masa grasa
(%). La altura (m) se midi6é usando una estacion de medicion SECA763®
(Hanover, MD 21076 USA). Todas las mediciones se realizaron dos veces,
usando ropainteriorligeray sin zapatos. El indice de masa corporal (IMC)
de cada uno de los pacientes fue calculado dividiendo el peso corporal
(kg) por el cuadrado de la altura (m2), y el resultado fue interpretado de
acuerdo con la clasificacion establecida por la Organizacion Mundial de
la Salud (WHO, 2005).

3.2.3. Recordatorio de 24 horas

Para estimar el consumo promedio de energia y nutrientes se realizé
también un recordatorio de 24 horas (Anexo 6) durante la entrevista. Para
ello, cada paciente fue interrogado sobre las porciones y cantidades de
cada alimento o bebida que habian consumido, el ntimero y la cantidad
de ingredientes utilizados en cada receta, preparacion de comidas,
consumo de alimentos azucarados, bebidas alcoholicas y no alcoholicas,
y azucar agregada en las anteriores 24 horas a la entrevista. Para una mejor

aproximacion al consumo diario de alimentos, se utilizaron medidas de
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apoyo visual utilizando un Album fotografico de alimentos que muestra
las diferentes raciones de los alimentos y preparaciones mayormente
consumidas en la dieta espanola. Este registro de alimentos y bebidas
se convirtio en informacion de ingesta de nutrientes, energia total y
alcohol utilizando el software El Alimentador (Fundacion Alimentacion
Saludable. Madrid, Espafia) (Martinez Alvarez, Villarino Marin, Garcia
Alcon, & Fernando Martin, 2019).

3.2.4. Cuestionario de adherencia a la dieta mediterranea (DM)

Para evaluar la adherencia a la DM se realizo una entrevista
individual a cada participante utilizando como recurso el cuestionario
de adhesion a la DM de catorce items previamente disenado y validado
por el grupo PREvencion con Dleta MEDiterranea (PREDIMED) (Ramon
Estruch et al., 2013; Schroder et al., 2011). Este cuestionario comprende
doce items relacionados con la frecuencia de consumo de ciertos
alimentos y dos items sobre habitos de consumo de algunos alimentos
considerados caracteristicos del patron de DM, durante los tltimos 6
meses. Cada pregunta se puntua o o 1y el puntaje total varia de o a 14
puntos; cuanto mayor sea el puntaje, mayor sera la adherencia a la DM.

El cuestionario se distribuye de la siguiente manera (Anexo 7): se
asigna un punto por: (a) usar aceite de oliva como la principal fuente de
grasa culinaria; (b) consumo de cuatro o mas cucharadas de aceite de
oliva / dia; (c) consumo de dos o mas porciones de vegetales / dia; (d)
consumo de tres o mas piezas de fruta / dia; (¢) consumo de menos de una
porcion (1 porcion = 100 gramos) de carne roja, embutidos hamburguesa
o salchichas / dia; (f) consumo de menos de una porcion de lacteos y
grasas animales como mantequilla, margarina o crema / dia; (g) consumo
de menos de un vaso de bebidas azucaradas / dia; (h) consumo de siete
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0 mas vasos (100 ml) de vino tinto / semana; (i) consumo de tres o mas
porciones (1 porcion = 150 gramos) de legumbres / semana; (j) consumo
de tres o mas porciones (1 porcion = 150 gramos) de pescado / semana; (k)
consumo de menos de dos unidades de bolleriay / o dulces comerciales
/ semana; 1) consumo de tres o mas porciones (1 porcion = 30 gramos) de
frutos secos / semana; (m) consumo preferente de carne blanca (pavo,
pollo) sobre la carne roja (ternera, cerdo, buey); (n) consumo de sofritos
(preparaciones hechas con una base de tomate, ajo, cebolla y pimientos

salteados en aceite de oliva) dos o mas veces / semana.

3.2.5. Actividad fisica.

El nivel de actividad fisica se evalu6 utilizando la version corta
del Cuestionario Internacional de Actividad Fisica (IPAQ) (Anexo 8) ,
una herramienta confiable y validada para medir la actividad fisica en
poblaciones adultas europeas (Craig, C. L., Marshall, A. L., Sjostrom, M.,
Bauman, A. E., Booth, M. L., Ainsworth, B. E., ... & Oja, 2003). El IPAQ
incluye tres tipos de actividades: caminatas, actividades de intensidad
moderada, y actividades de intensidad vigorosa. El niimero de minutos
dedicados cada semana a cada actividad se calculo por separado
multiplicando la duracion y la frecuencia de cada tipo de actividad. Para
obtener el equivalente metabolico (MET) global, se multiplican primero
los minutos totales de cada semana por el valor MET de cada tipo de
actividad: vigorosa (VPA) (MET = 8.0), moderada (MPA) (MET = 4.0)
y caminata (MET = 3.3). El MET global equivale a la sumatoria de los 3
valores obtenidos (Mantilla Toloza & Gomez-Conesa, 2007).
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3.2.6. Valoracion del riesgo cardiovascular

3.2.6.1. Habitos toxicos

Se interrogo acerca de la ingesta de tabaco y alcohol en términos
de cantidad y frecuencia.

3.2.6.2. Presion arterial

La presion arterial se midio utilizando un tensiometro digital
Dinamap (Mmodel BP 8800 Critikon, Inc., Tampa, FL), siguiendo las
recomendaciones de la Sociedad Europea del Corazon.

3.2.6.3. Indice tobillo-brazo (ITB)

El indice tobillo brazo (ITB), una técnica sencilla, reproducible
y facil de realizar se utilizo como parte de los marcadores de riesgo
cardiovascular en el desarrollo de la presente investigacion. Esta
técnica se ha mostrado como excelente predictor de mortalidad tanto
vascular como por causas generales cuando presenta valores fuera
del rango establecido como normal (<0,90 - >1,30) y permite valorar la
existencia precoz de enfermedad arterial periférica (EAP) durante su
fase asintomatica (Aboyans et al., 2012; Qu, Liu, & Li, 2015).

La determinacion del ITB se realizo de acuerdo con las
recomendaciones de la Asociacion Americana del Corazon (AHA)
(Aboyans et al., 2012). Para ello, se midio la presion arterial sistolica (PAS)
anivel del tobillo y en las arterias braquiales de ambos brazos y piernas,
utilizando un esfingomanometro manual (Riester 1312). minimus® II.
Jungingen, Alemania) y un Doppler vascular portatil (Hadeco Minidop

105



[I. Justificacion, objetivos y diseno experimental

ES-100VX. Kawasaki, Japon). Para calcular el ITB en cada pierna, la PAS
del tobillo mas alta se dividio por la PAS braquial mas alta en ambos
brazos. Se definio como ITB “real” el valor mas bajo de los dos, para los
fines de la investigacion.

3.3. Analisis estadisticos

Elanalisis estadistico delos datos fue realizado utilizado el software
de analisis estadistico SPSS®, version 21.0 (IBM Corp., Armonk, NY. La
prueba de Kolmogorov-Smirnov se utilizo para verificar la normalidad
de la distribucion de datos y se realizo antes de aplicar los diferentes

analisis de asociacion.

De forma general, los datos fueron mostrados utilizando medias
y desviaciones estandar para variables continuas o porcentajes para
variables categoricas. Para poder determinar las posibles asociaciones
y sus significancias, se realizaron test de analisis de varianza (ANOVA)
unidireccional para variables continuas y pruebas de c/i cuadrado para

variables categoricas.

Se utilizo también el analisis de regresion lineal para examinar las
relaciones entre las caracteristicas de la dieta, las variables clinicas de
la enfermedad y los marcadores inflamatorios. El modelo de regresion
lineal multivariable se aplic6 para estimar las asociaciones entre las
variables clinicas de la enfermedad y los marcadores inflamatorios, con
respecto la adherencia a la DM como variable continua. Los analisis de
regresion logistica multivariable se utilizaron para estimar los odds
ratios (OR) o riesgos relativos para la presencia de LES activo (SLEDAI >
5), dano acumulado (SDI > 1) y mayor riesgo cardiovascular (hs-CRP> 3)
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paralos participantes con mayor adherencia ala DM (6-10 puntos) versus
aquellos con peor adherencia (< 5 puntos) en dos modelos separados,
uno sin ajustary el otro después de ajustar por los diferentes factores de

confusion.

La edad, el sexo, el tratamiento médico (inmunosupresores,
corticoides o antipaladicos), el tabaquismo y el IMC se incluyeron en
todos los analisis como factores de confusion utilizando un algoritmo
gradual (método directo). Cuando se estimo necesario se consideraron
también la actividad fisica y el tratamiento con antihipertensivos o

estatinas como factores de confusion.

Los valores de p <0,05 se consideraron estadisticamente significativos.
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Dietary intake and nutritional status in Spanish Systemic Lupus Erythematosus patients: a

cross-sectional study.

Abstract

Background: Systemic lupus erythematosus (SLE) is a chronic inflammatory autoimmune disease. In spite of
the influence of diet in the prognosis of inflammatory diseases, in lupus patients dietary habits are not well

established. Thus, we aimed to assess dietary intake and nutritional status in SLE patients.

Methods: A cross-sectional study including a total of 92 SLE patients (92.4% women, mean age 44) reeruited
was performed. Nutritional status was assessed and analysis of diet energy/nutrient distribution of SLE patients
was conducted and compared with a control group. Recommended dietary intakes (DRI) issued by the Spanish
Societies of Nutrition Feeding and Dietetics (FESNAD) and the Spanish Society of Community

Nutrition (SENC) were taken as reference.

Results: Only 3.26% of the lupus population was underweight meanwhile 53.26 % were in normal weight and
43.48% in categories of excessive weight. Calories, proteins and total fat intake were significantly lower in
lupus patients compared to controls. Protein and total fat contribution to energy intake was higher and
carbohydrate/fiber below the recommended. The majority of SLE patients did not reach recommended intake
for iron (88%), calcium (65.2%), iodine (92.4%), potassium (73.9%), magnesium (65%), folate (72.8%),

vitamin E (87%), vitamin D (82.6%) and exceeded the recommendations for sodium and phosphorus.

Conclusions: Diet pattern in Spanish SLE patients is imbalanced and characterized by a low carbohydrate/fiber
and high protein/fat intake similar to Spanish population. Important deficiencies in micronutrient intake are
observed in SLE patients. Dietary counseling to improve nutrition should be considered in the management of
SLE.

Keywords: systemic lupus erythematosus; nutritional status; dietary habits; dietary intake; body weight;
nutrition.

Ingesta dietética y estado nutricional en pacientes espaiioles con Lupus eritematoso sistémico:

un estudio transversal.

Resumen.
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El lupus eritematoso sistémico (LES) es una enfermedad autoinmune, crénica e inflamatoria. La dieta tiene un
importante impacto en este tipo de enfermedades. Asi, el objetivo de este estudio fue conocer la ingesta
dietética y el estado nutricional en pacientes con LES. Se realizé un estudio transversal incluyendo 92
pacientes diagnosticados de LES. Se determiné el estado nutricional y la ingesta dietética de los pacientes
comparandola con la de un grupo control. Se usaron como referencia las recomendaciones de la Federacion
Espanola de Sociedades de Nutricién, Alimentacion y Dietética (FESNAD) y la Sociedad Espafiola de
Nutricion Comunitaria (SENC). Segun el indice de masa corporal, un 3,26% de los pacientes se encontraba en
bajo peso; 53,26 % en normalidad y un 43,48% en categorias de sobrepeso. La ingesta calorica, proteica y de
grasas fue significativamente menor en el grupo con lupus. La contribucion de la ingesta proteica y de grasa a
la energia total de la dieta fue mayor a la recomendada mientras que la de carbohidratos y fibra, menor. La
mayoria de los enfermos no alcanzaron las recomendaciones de ingesta de hierro (88%), calcio (65,2%), iodo
(92,4%), potasio (73,9%), magnesio (65%), folato (72,8%), vitamina E (87%) y D (82,6%) y excedieron las de
sodio y fosforo. La dieta de los pacientes con LES analizados no es equilibrada en el consumo de
macronutrientes y fibra, observandose ademas deficiencias en la ingesta de micronutrientes esenciales. Por lo

tanto debe considerarse el asesoramiento dietético como parte del tratamiento.

Palabras clave: lupus eritematoso sistémico; estado nutricional; habitos dietéticos; ingesta dietética; peso
corporal; nutricion.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic disease characterized by an abnormal inflammatory and
autoimmune response due to the presence of hyperactive B cells and the production of autoantibodies that in
conjunction with the impaired removal of apoptotic cellular material, results in the formation of immune
complexes. These complexes induce inflammatory reactions, causing the tissue inflammation and damage

associated with SLE.!

Recently, nutrition and lifestyle patterns have emerged as important factors influencing health of individuals,
including the inflammatory response. Several evidences support that the nutritional status influences
development and prognosis of inflammatory diseases. In this line, a diet rich in polyunsaturated fatty acids,
fiber, vegetables and fruits along with physical activity has been shown to prevent the incidence, improve the
quality of life, and even slow the progression of disease in patients with rheumatoid arthritis** or cancer™®

through the modulation of several inflammatory pathways.”*

In SLE, evidences from studies in patients and animal models suggest that a balanced diet including a
moderate calorie and protein content but high vitamin, mineral (especially antioxidants), and
mono/polyunsaturated fatty acids can promote a beneficial protective effect against tissue damage and
suppression of inflammatory activity.’ In addition, this dietary pattern prevents overweight; insulin resistance

and thus the risk of develop cardiovascular disease, one of the most common complications in SLE patients.!

Thus, nutritional status and food intake of patients with SLE may interfere in the disease course. However, the
knowledge about dietary patterns in lupus patients compared to normal or healthy population and its adequacy
to nutrients recommendations is very limited in most countries. In particular, to our knowledge this issue has

not been addressed previously in Spanish SLE patients.

Considering all these evidences, the aim of this study was to assess dietary intake and nutritional status of
Spanish patients with SLE in order to determine whether they achieve a well-balanced diet and nutrient intake,

and estimate possible nutritional differences between this group and the general population.

Subjects and methods

Study Group. A cross-sectional study was designed and altogether, 92 patients diagnosed with SLE were
recruited from the Systemic Diseases clinical group in the Hospital Clinico San Cecilio (Granada, Spain). 85
were female and 7 male patients with a mean age _ SD: 44,35+ 13,43. All SLE patients included met the
diagnostic criteria according to the American College of Rheumatology (ACR) revised classification or SLICC

11-13

criteria and were diagnosed with the disease for over a year. Patients with late stage lupus, chronic

116



Endocrinol Diabetes Nutr2018 Nov;65(9):533-539. doi: 10.1016/j.endinu.2018.05.009. Epub 2018.

complications (like renal failure or RCD) or other chronic diseases (excepting diabetes, hypertension or
dyslipidemia) were excluded. We also excluded pregnant women. All participants received verbal and written
information about the nature and purpose of the study, and gave their written consent for their

participation. Ethical approval for this study was obtained from local Ethics Committee.

Nutritional Assessment. Dietary intake was assessed by a 24 hour diet recall carried out by a trained
nutritionist-dietician during a personal interview where subjects were asked meal by meal, about portions and
amounts of each consumed food, number and amount of ingredients used in each recipe, as well as questions
concerning menu preparation (type of oil used, type of milk, type of cheese) as well as sweets, alcoholic and
non-alcoholic drinks and added sugar. To the accuracy of the recording of food quantities standard household
measures and pictorial food models were used.'* Food records were converted to nutrient intake using a
computerized nutrient analysis program (Nutriber 1.1.5). Energy contribution was calculated in terms of
percentage (%) of each macronutrient considering that one gram of protein or carbohydrates equals to 4

kilocalories and each gram of fat equals to 9 kilocalories.

Nutritional status was determined by body mass index (BMI). Patients were classified as malnourished (BMI
<18.5 kg/m2), normal weight (BMI 18.6-24.9 kg/m2), overweight (BMI 25-29.9 kg/m2), and obese (BMI > 30
kg/m2), based on the World Health Organization (WHO) criteria.'

Energy and nutrient intake of lupus patients was compared to nutritional data as reference obtained from the
Spanish National Dietary Intake Survey (ENIDE) carried out in 2011(16). ENIDE is a representative study at
national level of the food and nutrient intake in adult population. It was based on a random selection of more
than 3323 individuals, providing a level of confidence of 95% and an accuracy of 1.8%.!® Considering that our
study population included 92.4 % woman with a mean age of 44.3 years, data from a woman population aged

18 to 64 years was selected as reference to compare with the lupus patients group (Table 1).

Dietary reference intakes (DRI) for Spanish population issued by the Spanish Societies of Nutrition Feeding
and Dietetics (FESNAD)'7 in 2010 and the Spanish Society of Community Nutrition (SENC) dietary
guidelines and nutrition goals for Spanish population (2011) were taken as references for the interpretation of

the 24 hour food and beverage recall.'®

Statistical Analysis. The information obtained was recorded and analyzed using the statistic program SPSS
(Statistical Package for Social Science) for Windows version 22. We described numeric variables through the
median + standard deviation while qualitative or nominal variables were described through percentages and
frequencies. Differences in mean dietary intake of energy and nutrients between SLE patients and the control

population were estimated with Student’s or Welch's “t” test. Significance was considered when p values were

<0.05.
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Results

The main characteristics of SLE patients included in this study are presented in Table 1. The vast majority of

the patients (92.4%) were middle age women and the mean duration of the disease 7.85 + 4.29 years.

The nutritional status according to BMI is shown in Figure 1 highlighting that only 3.26% of the lupus
population was underweight whereas 53.26 % of patients were in normal range for body mass index and

43.48% were in categories of excessive weight (overweight or obesity).

The amount of calories, protein, total fat intake and cholesterol was significantly lower in lupus patients
compared with data of the Spanish population used as control (p=0.003, p=0.000, p=0.001 and p=0.006
respectively). No significant differences were observed for other nutrients such as total carbohydrates, fiber

and fatty acid intake (Table 2).

Regarding energy contribution of macronutrients, similarly to the control group, protein intake represented
16.07% in SLE patients (Table 3). Thus, protein contribution was excessive in both lupus and general Spanish
population when compared to SENC recommendations.'® Conversely, both lupus patients and controls showed
a low carbohydrate diet pattern, with numbers below the SENC recommendation (50-60%) (Table 3). Total fat
intake was notably higher in lupus patients (39.95%) and control population (41.16%) compared with SENC
recommendation that suggests 30 to 35% of daily calories in terms of total fat. Nevertheless, monounsaturated
and polyunsaturated fatty acids goals were reached in both lupus and control population. Both lupus patients

and control population consumed small amounts of dietary fiber according to SENC goals (Table 3).

Interestingly, significant differences in vitamin and mineral intake between lupus and the Spanish population
used as control were observed (Table 4). In lupus patients, a lower intake was reported for magnesium, iron,
thiamine, niacin and vitamin E (p=0.000, p=0.017, p=0.010, p=0.000 respectively); meanwhile for selenium,
riboflavin, vitamin B12 and vitamin A, an inverse relation was found (p=0.000, p=0.002, p=0.006,
p=0.000respectively) (Table 4). Both groups met the FESNAD suggested daily intake for thiamine, riboflavin,
niacin, vitamin B12 and vitamin A but did not achieve the recommended levels for calcium, iron, iodine,
potassium, folic acid or vitamin E. Sodium and phosphorus intake exceeded daily recommendations in both
groups. An interesting finding was that dietary magnesium was below FESNAD recommendation only in SLE

patients.

The vast majority of lupus patients showed a very low compliance for micronutrient intake with deficiencies in
daily recommendations for iron (88%), calcium (65.2%), iodine (92,4%) potassium (73.9%), magnesium
(65%), folate (72.8%), vitamin E (87%) and vitamin D (82.6%) whereas the daily suggested intake of sodium

and phosphorus was exceeded similarly to that occurring in the Spanish control population (Figure 2).
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Discussion

In the present study, we evaluate for the first time the nutritional status and analyze dietary intake of Spanish
lupus patients. A very low prevalence of undernutrition according BMI and the WHO classification was
observed in our study group. This is probably due to the fact that the enrolled patients were ambulatory and
had a controlled disease without long stage complications, appetite suppression or weight loss. Actually,
previous studies conducted in different populations of lupus patients have shown similar results with
underweight values around 1-2 %, overweight between 35.3 % and 35.9 % and obesity founded in 27.7% to
28.3%.19%0

The relationship between the nutritional status and SLE is not well established. Some evidences suggest that
obesity is related with impaired functional capacity, levels of inflammatory markers, lupus nephritis,
dyslipidemia, hypertension or higher values of damage index (SLICC) in lupus patients.”? Thus, as in the
general population, weight loss in overweight/obese SLE patients through dietary intervention and physical
activity should be considered as it may improve functional capacity, prevent cardiovascular complications and

reduce cumulative damage in SLE.

With regard to lupus dietary habits, we found that they consumed significantly less amount of energy, protein,
total fat and cholesterol compared with average intakes in control Spanish population (ENIDE). Additionally,
our data support that lupus and Spanish population diet, is characterized by an imbalance in energy
contribution of macronutrients with a low carbohydrate, high protein/fat diet pattern along with more saturated
fat and less fiber intake than SENC recommendations. To our knowledge, only two previous studies have
assessed this issue in lupus patients.!** Elkan et al. evaluated the macronutrient intake in Swedish SLE patients
and reported a decreased intake of polyunsaturated fatty acids (omega-3 and omega-6) and fiber, and an
increased intake of carbohydrates compared with a control population.'® In another study that assessed dietary
habits in a Brazilian lupus population, a high consumption of fats and oils was reported.”” Thus, our data
together with previous findings, point to that similarly to that occurring in the general population, SLE
patient’s dietary habits are marked by high fat — low fiber intake. In this line, in the context of an autoimmune
inflammatory disease such as SLE, it is important to consider that both fat and fiber intake can directly or
indirectly modify immune and inflammatory responses. Saturated fatty acids (SFAs) intake is correlated with a
pro-inflammatory response upregulating several genes of inflammatory pathways meanwhile monounsaturated
fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) exhibit an anti-inflammatory profile whereas
fiber intake has been inversely associated with plasma homocysteine and inflammatory markers including IL-
6 and CRP (C reactive protein)®*°. Considering all these, dietary interventions in order to increase fiber intake
(25 grams/day suggested by SENC'®), PUFAs, MUFAs and decrease saturated fat should be considered in

order to reduce inflammation and cardiovascular risk in lupus patients and in Spanish population.?!**
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Another important fact is that the majority of Spanish lupus patients presented several micronutrient
deficiencies. Specifically, it was found an inadequate intake of calcium, iron, iodine, magnesium, potassium,
folic acid and vitamin E. An interesting concern is that, except magnesium, all those deficiencies were also
found in Spanish population. In concordance with our findings, the study of Borges et al. conducted in a lupus

a Brazilian population showed an inadequate intake of calcium, iron, and vitamin B12."

Calcium intake should be considered as an important issue since SLE patients are at a higher risk for
hypocalcemic events.?”’” Moreover, vitamin D deficiency and specific changes in calcium homeostasis in SLE
patients have been strongly linked with increased risk and disease activity. 2*3! Thus, it might be important to
implement strategies to reach adequate levels of intake for these micronutrients in Spanish SLE patients trough

nutritional counseling and/or supplementation.

Intriguingly, magnesium intake was significantly lower in Spanish lupus patients compared with general
Spanish population and bellow FESNAD goals. No previous studies assessing dietary magnesium intake in
lupus have been conducted, but lower levels of serum magnesium in SLE patients compared to controls were
reported.’?> Magnesium deficiency seems to contribute to an exaggerated response to immune stress, pro-
atherogenic changes in lipoprotein metabolism, endothelial dysfunction, thrombosis, hypertension which
explains the aggravating effect of magnesium deficiency on the course of inflammatory diseases.’® Thus,

further studies are needed to address the implication of this mineral specifically in SLE.

In our study, both lupus and Spanish population showed a high intake of sodium and inadequate intake of
potassium according FESNAD recommendation. Considering the high prevalence of cardiovascular events in
SLE patients, the balance in sodium/potassium intake is crucial for its role in blood pressure control and
cardiovascular function.’*® The American Heart Association (AHA) recommends reduction of daily dietary
Na+ intake to 1.5 to 2.4 grams or below per day.’” Dietary recommendations must be intended to encourage

potassium and reduce sodium intake in Spanish population and especially in SLE patients.

Another micronutrient under daily dietary recommendation in both lupus and Spanish patients was folic acid.
Elevated homocysteine levels are common in chronic immune-mediated disorders and leads to accelerated
atherosclerosis and increased cardiovascular risk.*® Folic acid is critical in determining plasma homocysteine
levels.*> A very recent study showed that folate was associated with several markers of atherosclerosis and
vascular disease;* but previous studies suggest it improves cardiovascular health.*! Therefore, folate intake
must be encouraged for achieving dietary recommendations, but it is not well established if its supplementation

is beneficial.

Finally, vitamin E intake was also below recommendations in lupus and Spanish population but significantly

lower in lupus patients. A previous study where dietary intake of vitamin E, A, C and antioxidant status was
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measured, showed that in SLE patients antioxidant status is impaired and antioxidant intake is decreased.** It
has also been suggested that vitamin E can regulate antibody production and suppress autoantibody production
in SLE independently of its antioxidant activity.** Future research to confirm its positive effects are required to

strength dietary education and/or supplementation.

Regard the limitations of this study, we are aware that its cross-sectional design limits the ability to determine
causal relationships to the associations detected because it can only provide the status in a specific point in
time. In addition, the self-reported 24-h recall could be subject to errors of memory and quantities of foods
reported, however in our study this is not the case since data for this instrument were collected during a

personal interview by a trained nutritionist-dietician professional.

In summary, our data support that diet pattern in SLE patients is characterized by a low carbohydrate/fiber and
a high protein/fat intake similar to Spanish population. In addition, a poor micronutrient dietary intake was
found for calcium, iron, iodine, magnesium, potassium, folic acid and vitamin E in SLE patients. Considering
the high risk of malnutrition, infections, osteoporosis or cardiovascular diseases in SLE, dietary counseling to

improve nutrition habits in lupus patients should be considered an important strategy in the management of the

disease.
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Figure legends

Figure 1. Nutritional status of SLE patients, according to BMI and the WHO classification criteria

Figure 2. Distribution of lupus patients according to achievement of dietary reference intake of vitamins and

minerals proposed by the Spanish Societies of Nutrition and Dietetics (FESNAD)
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Table 1. Main characteristics of SLE patients included in the study

Characteristics (n=92) Frequency Mean (SD) Minimum Maximum
Age (years) - 4435+13.43 21 79
Female 85(92.40 %) --- -
Male 7 (7.60 %) - -
SLE duration (years) 7.85+4.29 1 21
Smokers 19 (20.7 %) — — —

Values are expressed as means _ SD (standard deviation).
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Table 2. Mean dietary intake of energy and nutrients in SLE patients compared with Spanish population as

control
Daily Intake (n=92) Fups poptation Control Spanish P
(1=92) Population (n=1734)

Calories (kcal) 1879.09 (502.67) 2038.30 (655.41) 0.003
Proteins (gr) 75.52 (24.50) 88.00 (37.75) 0.000
Carbohydrates (gr) 194.68 (60.16) 199.71 (75.88) 0.424
Dietary Fiber (gr) 19.51 (9.61) 18.85 (10.06) 0.509
Total fat (gr) 83.42 (28.02) 93.22 (35.59) 0.001
Saturated fat (gr) 26.99 (11.94) 25.68 (11.68) 0.296
Monounsaturated fat (gr) 37.92 (12.58) 38.79 (17.05) 0.507
Polyunsaturated fat (gr) 11.98 (5.75) 12.60 (7.47) 0.307
(PUFA+MUFA)/SFA 2.04 2 0.594
PUFA/SFA 0.49 0.49 0.953
Cholesterol (mg) 282.79 (183.92) 336.22 (150.76) 0.006

Notes: Values are means _ SD (standard deviation).
PUFA, polyunsaturated fatty acids; MUFA, monounsaturated fatty acids; SFA, saturated fatty acids.
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Table 3. Energy contribution of macronutrients, fiber and fat sources in lupus population and Spanish control
population (ENIDE study) compared to Spanish Society of Community Nutrition (SENC) nutrition goals.

Lupus Spanish Population-Control SENC nutrition

Nutrient

population (n=92) (n=1734) Goals
Protein (%) 16.07 17.27 10-15
Carbohydrates (%) 41.44 39.19 50-60
Total Fat (%) 39.95 41.16 30-35
Saturated Fat (%) 12.92 11.34 <7-8
Monounsaturated Fat (%) 18.16 17.13 20
Polyunsaturated Fat (%) 5.73 5.56 5
Dietary fiber (gr) 19.51 18.85 >25
Cholesterol (mg) 282.79 336.22 <300

Notes: Values are expressed in percentage (%) according to dietary contribution of each nutrient.
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Table 4. Mean micronutrient intake in SLE patients compared with Spanish dietary reference intake (RDI)

. Lupus Control Sp.anish DRI
Hutrient population (n=92) P((IJII;T;;I:)“ g FESNAD

Calcium (mg) 820.74 (344.67) 834.76 0.697 900
Phosphorus (mg) 1331.01 (451.21) 1294.73 0.674 700
Iron (mg) 12.44 (4.97) 13.7 0.017 18
Todine (ug) 108.51 (167.75) 84.81 0.179 150
Magnesium (mg) 267.09 (81.70) 353.84 0.000 300
Zinc (mg) 8.91(3.71) 8.72 0.621 7
Selenium (pg) 100.58 (53.29) 53.71 0.000 55
Sodium (mg) 2391.33 (1107.70) 2348.85 0.714 1500
Potassium (mg) 2703.05 (944.203) 2857.78 0.119 3100
Vitamin B1 Thiamine (mg) 1.43 (1.18) 1.76 0.010 1
Vitamin B2 Riboflavin (mg) 1.70 (0.67) 1.44 0.002 1.3
Niacin Eq. (mg) 30.38 (11.79) 39.37 0.000 14
Vitamin B6 Pyridoxine (mg) 1.76 (0.836) 1.66 0.267 1.2
Folic Acid (ng) 261.86 (141.12) 266.37 0.760 300
Vitamin B12 (pg) 10.52 (15.07) 6.06 0.006 2
zﬁgmm A (Retinol Eq.) 750.94 (492.69) 722.52 0.000 600
Vitamin E (pg) 9.52 (5.38) 13.39 0.000 15
Vitamin D (ug) 5.34 (13.39) 3.65 0.228 5
Vitamin C (mg) 120.22 (79.09) 132.92 0.099 60

Values are expressed as means _ SD (standard deviation).



Figure 1. Distribution of the nutritional status of SLE patients, according to BMI and the WHO classification
criteria.
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Figure 2. Distribution of lupus patients according to achievement of dietary reference intake of vitamins and minerals proposed by
the Spanish Societies of Nutrition and Dietetics (FESNAD).
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Abstract

Background and aims: C-reactive protein (CRP) is commonly used as a biomarker for inflammation. Mild
elevations of CRP have been seen in chronic autoimmune diseases like systemic lupus erythematosus (SLE), and
CRP has been linked to an increased risk of cardiovascular events. Diet quality and certain dietary factors seems
to influence CRP levels in healthy subjects. To date, the effect of diet on serum CRP in SLE has not been studied.
Our aim was to investigate the relationship between dietary nutrients, antioxidant intake, and serum CRP in SLE.
Design and methods: A cross-sectional study was conducted among 91 patients with SLE. High-sensitivity
(hs)CRP values were determined using an immuno-turbidimetry assay in a Beckman Coulter analyzer (AUS5800).
Dietary intake of macro- and micronutrients was assessed through a 24-hr diet recall. Antioxidant nutrient intake
was evaluated using the Dietary Antioxidant Quality Score (DAQs). Linear regression models were used to
investigate the relationships between serum hsCRP levels, dietary nutrient intake and DAQs.

Results: The mean serum hsCRP level observed (3.76 + 6.68 mg/L) was above the established normal range.
However, participating SLE patients had low-quality diets, and we found no significant correlations between
dietary intake of macro- or micronutrients or antioxidant nutrient intake (DAQs) and serum CRP levels.
Conclusion: Our study reveals that participating SLE patients had a low-quality diet that did not influence
inflammatory status measured using serum CRP levels. Further interventional studies with high-quality diets in
this population are necessary to dissect the role of diet on CRP levels in SLE.

Keywords: lupus, C-reactive protein, inflammation, dietary antioxidant, nutrition.
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C-reactive protein (CRP) is commonly used as a biomarker for inflammation and infection in several
conditions (Thiele et al., 2015). CRP synthesis is regulated in humans as part of the acute-phase response in the
liver, increasing rapidly and dramatically in response to infection, inflammation or tissue injury (Rhodes,
Furnrohr, & Vyse, 2011). However, minor elevations of CRP levels have been recognized as a marker of low-
grade inflammation (Kushner, Samols, & Magrey, 2010). Low-grade inflammation has been seen in chronic
conditions characterized by cell stress and metabolic malfunction, which lack the acute clinical signs of the
inflammatory response. Examples of chronic conditions associated with low-grade inflammation include
metabolic syndrome, obesity, diabetes and insulin resistance (Voils & Cooper-DeHoff, 2014), cancer (Allin &
Nordestgaard, 2011), and cardiovascular and autoimmune diseases (Abou-Raya & Abou-Raya, 2006; Kushner et

al., 2010; Thiele et al., 2015) such as systemic lupus erythematosus (SLE).

Researchers have reported an association between high serum CRP levels and an increased risk of
cardiovascular disease in patients with SLE (Barnes et al., 2005; Dhingra et al., 2007; Kushner et al., 2010). In
addition, serum CRP levels have also been associated with traditional risk factors for cardiovascular events, such

as hypertension and body weight (Barnes et al., 2005).

Diet quality and certain dietary factors seem to influence CRP levels in healthy subjects (Smidowicz &
Regula, 2015). The practice of a number of healthy dietary patterns, including the Mediterranean diet, Nordic
diet, Tibetan diet, and Dietary Approaches to Stop Hypertension (DASH) has been associated with significant
reductions in serum CRP levels (Neale, Batterham, & Tapsell, 2016). Similarly, high dietary intakes of fiber
(Esmaillzadeh et al., 2006), magnesium (Bo et al., 2006), antioxidants and phytochemicals (Brighenti et al., 2005;
Wood et al., 2014) have been linked to lower CRP levels. Additionally, researchers have reported that in chronic
metabolic diseases such as Type 2 diabetes or metabolic syndrome, dietary patterns characterized by lower

consumption of cholesterol and total fat (especially saturated fat) and higher consumption of fiber and
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antioxidants from fruits and vegetables exert an anti-inflammatory effect (Smidowicz & Regula, 2015), reducing
serum CRP levels (Asemi & Esmaillzadeh, 2015; Azadbakht, Surkan, Esmaillzadeh, & Willett, 2011; Oh et al.,

2013; Richard, Couture, Desroches, & Lamarche, 2013).

In the present study, we hypothesized that a high-quality diet could attenuate the inflammatory process
underlying SLE, decreasing CRP serum levels. We aimed to analyze whether dietary intake of macro- and
micronutrients and dietary antioxidant capacity were associated with serum CRP levels in a cohort of SLE

sufferers.

Materials and Methods

Study Population

We conducted a cross-sectional study among 91 patients diagnosed with SLE who received care at the
Outpatient Clinic of the Systemic Autoimmune Diseases Unit at San Cecilio University Hospital in Granada
(Spain). All participants had met the SLE revised diagnostic criteria of the American College of Rheumatology
(ACR) or Systemic Lupus International Collaborating Clinics Classification (SLICC) criteria (Hochberg, 1997;
Petri et al., 2012) at least 1 year prior to the study. According to the SLICC criteria, a person is classified as
having lupus if he or she has “lupus nephritis” (in the presence of antinuclear antibodies or anti-double-stranded
DNA antibodies) or meets four criteria (with at least one criterion being clinical and at least one criterion being
immunological) from a series of clinical and analytical manifestations characteristic of the disease (Petri et al.,
2012). We excluded patients with late-stage lupus, serum creatinine > 1.5 mg/dl, diabetes mellitus, ischemic heart
diseases, cerebrovascular disease, active infections, major trauma or surgery in the 6 previous months,

SLICC/ACR damage index > 5, pregnancy and/or other chronic and/or autoimmune systemic conditions not
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related with the main disease. We obtained written informed consent from each participant, local ethics

committees approved the study, and we conducted it in accordance with the Declaration of Helsinki.

We assessed disease activity with the Systemic Lupus Erythematosus Disease Activity Index 2000
(SLEDAI-2K; Gladman, Ibafiez, & Urowitz, 2002). The SLEDAI-2K is a list of 24 items, 16 of which cover
clinical characteristics and 8 of which cover laboratory results, scored based on whether these manifestations were
present or absent in the previous 10 days. The total score of the SLEDAI-2K is the sum of all 24 descriptor scores
and falls between 0 and 105, with a score of 6 or higher considered clinically important. The SLEDAI-2K is a
modification of the SLEDALI that allows the documentation of ongoing disease activity in some clinical symptoms
such as skin rash, alopecia, mucosal ulcers and proteinuria as opposed to only new occurrence, as defined in the
original SLEDAI. Meaningful improvement is best defined as a reduction of 4 or more in the SLEDAI-2K score

(Mikdashi & Nived, 2015).

To assess disease-related organ damage, we used the SLICC/ACR damage index (Gladman et al., 1996).
This instrument was developed to assess irreversible organ damage in SLE patients, independent of its cause
(Griffiths, Mosca, & Gordon, 2005). The maximum possible score is 47. The SLICC damage score gradually
increases over time, and patients with higher damage scores early in the course of disease have a poorer prognosis

and increased mortality (Isenberg & Ramsey-Goldman, 1999).

High-Sensitivity C-Reactive Protein (hsCRP)
Fasting venous blood samples (10 mL) were collected from each participant and centrifuged for 15 min
to obtain serum. The serum was analyzed immediately to determine hsCRP levels using an immuno-turbidimetry

assay (Beckman Coulter AU System CRP Latex reagent) in a Beckman Coulter analyzer (AU5800 Analyzer,
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Beckman Coulter, Brea, CA). The highly sensitive application was used to measure hsCRP ranges between 0.2

and 80 mg/L.

Nutritional Assessment

Dietary intake was assessed through a 24-hr diet recall in a personal interview carried out by a trained
nutritionist-dietician. Patients were asked about portions and amounts of each food item consumed, the number
and amount of ingredients used in each recipe, as well as questions concerning menu preparation, sweets,
alcoholic and non-alcoholic drinks, and added sugar. To improve the accuracy of the food quantities recorded,
the nutritionist-dietician used standard household measures and pictorial food models during the interview (Ruiz,
2010). Food records were converted to nutrient intake using Nutriber 1.1.5 (Fundacion Universitaria

Iberoamericana (FUNIBER), Barcelona, Spain) (Mataix Verdu, n.d.).

Antioxidant-Nutrient Intake

The Dietary Antioxidant Quality Score (DAQs) was used to analyze antioxidant-nutrient intake (Tur,
Serra-Majem, Romaguera, & Pons, 2005). To estimate DAQs, we assessed the consumption of vitamins A C, and
E, selenium, and zinc (De Franca, Camargo, Lazaretti-Castro, & Martini, 2013; Luu et al., 2015; Rivas et al.,
2012). The daily nutrient intake of each was compared to the recommended daily intake (RDI) for the Spanish
population (“Ingestas Dietéticas de Referencia [IDR] para la Poblacion Espaiiola,” 2010).. The intakes of the five
antioxidant nutrients were assessed separately by assigning a value of 0 or 1 to each nutrient: 0 was assigned
when the intake of the nutrient was below 2/3 of the RDI, and 1 was assigned when this intake level was equaled

or exceeded. Thus, after computing total DAQs, the scores ranged from 0 (very poor quality) to 5 (high quality).

Statistical Analysis
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SPSS Statistic version 21.0 (SPSS, Chicago, IL) was used for all the analyses. Continuous variables are
presented as mean =+ standard deviation and categorical variables as frequencies and percentages (n and %). The
Kolmogorov—Smirnov test was used to verify data-distribution normality. To examine the relationships between
different levels of hsCRP and outcomes of interest, serum hsCRP levels were divided into quartiles, obtaining the
following cut-off points: Q1: < 0.8 mg/L; Q2: 0.8 through 1.4 mg/L; Q3: 1.5 through 3.7 mg/L; Q4: > 3.8 mg/L.
Generalized linear models were used to investigate the relationships between serum hsCRP levels and dietary
nutrient intake,and DAQs.. The models were adjusted by age, gender, tobacco consumption, and medical
treatment (antimalarials, immunosuppressors, and corticoid dose). P-values < 0.05 were considered statistically

significant.

Results

Table 1 presents the main demographic and clinical characteristics of participants. The great majority of
participants (92.3%) were female. The mean age of the study cohort was 44.47 £ 13.45 years, and the mean time
since being diagnosed with SLE was 7.85 + 4.29 years. According to their medical records, 85.7% of patients
were taking antimalarials, 41.8% immunosuppressors, and 36.3% corticosteroids (mean dose 1.88 mg +2.81). All
participants had low-to-moderate disease activity (mean SLEDAI: 3.52) and a very low damage index score (mean
SLICC: 1.27), ranging from 0 to 5. Smokers comprised 20.9% of the sample. The mean serum hsCRP level (3.76

+ 6.68 mg/L) was above the established normal range (Pearson et al., 2003).

<Table 1 near here.>
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Tables 2 and 3 present the dietary intake of macro- and micronutrients. The mean daily intakes of fiber
and certain micronutrients, including calcium, magnesium, iron, folic acid, and vitamins A and E, were below the
recommended Spanish Society of Community Nutrition (SENC; ) nutrition goals and the dietary reference intake
(RDI) established by the Spanish Societies of Nutrition and Dietetics (FESNAD; “Ingestas Dietéticas de
Referencia [IDR] para la Poblacion Espaiiola,” 2010) in all hsCRP quartiles. Similarly, vitamin E intake was
deficient in Q2 and Q4, whereas in Q1 and Q3 it was in accordance with the recommendations but at risk of being
deficient. The analysis of the variables for dietary intake and the hsCRP quartiles revealed no significant

correlations after adjustment for age, gender, tobacco consumption, and medical treatment.

<Tables 2 and 3 near here.>

When we analyzed the antioxidant nutrient intake according to hsCRP quartiles using DAQs we obtained
the following results: DAQs for Q1 (4.04 = 0.77), for Q2 (4.10 + 0.85), for Q3 (4.13 £ 0.64) and Q4 (4.05 £ 0.72).
In general, we found no significant differences and/or significant correlations across quartiles after adjusting for

age, gender, tobacco consumption, and medical treatment (p=0.966).

Discussion

In this study, we investigated, for the first time, the possible effect of nutrient intake and antioxidant dietary
indexes (DAQs and CDAI) on the modulation of hsCRP serum levels as an inflammation biomarker in a group
of patients with SLE. To date, few studies have examined the possible role of diet and nutritional factors in hsCRP
levels in autoimmune and/or inflammatory diseases. In one study, Ahola et al. (2017) found that patients with
Type 1 diabetes whose diet more closely adhered to recommendations had lower serum hsCRP levels and reduced

systemic inflammation than those whose diets deviated from recommendations.
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Other studies have focused on rheumatoid arthritis (RA), presenting conflicting results (Gonzalez
Cernadas, Rodriguez-Romero, & Carballo-Costa, 2014; Hejazi, Mohtadinia, Kolahi, Bakhtiyari, & Delpisheh,
2011; Skoldstam, Hagfors, & Johansson, 2003). An experimental study indicated a reduction in inflammatory
activity and serum hsCRP levels after a Mediterranean diet intervention (Skoldstam et al., 2003). Meanwhile, in
line with our findings, Hejazi at al. (2011) found no significant association between nutrient intake and disease
activity or serum antioxidant capacity in a cross-sectional study. Similarly, in a meta-analysis of studies on RA
authors concluded that, although some evidence points to a connection between dietary elements (polyunsaturated
fatty acids, the Mediterranean diet and antioxidants) and anti-inflammatory effects, further studies are needed to

back up the results seen for RA (Gonzalez Cernadas et al., 2014).

In the present study, we observed that in general and across all the quartiles of hsCRP levels, SLE patients
had low dietary intakes of fiber, calcium, magnesium, iron, folic acid, and vitamins A, E, and D. Because all of
them had low intake of these nutrients, we were unable to observe associations between consumption of these
nutrients and serum levels of hsCRP in SLE. In previous studies of healthy volunteers, dietary fiber and
magnesium intake have been inversely associated with serum hsCRP levels (Ajani, Ford, & Mokdad, 2004; Bo
et al., 2006; Dibaba, Xun, & He, 2014). Similarly, lower magnesium (Mg) and fiber intakes have been linked to
elevated CRP (23 mg/L) in diabetes mellitus Type 2 and metabolic syndrome (Bo et al., 2006). In addition,
intervention studies have shown that high dietary intake of fiber (over 30 g/day) significantly reduces serum
hsCRP levels (Johansson-Persson et al., 2014; King et al., 2007). This finding was particularly apparent in studies
that involved differences in the total fiber intake between the intervention and control groups of > 8 g/day), as
shown by a recent meta-analysis (Jiao, Xu, Zhang, Han, & Qin, 2015). Thus, the fact that our participants did not
ingest the recommended daily intake of several important anti-inflammatory nutrients may account for the lack

of a significant correlation between these dietary factors and serum hsCRP levels in SLE. Further intervention
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studies that ensure adequate intake of fiber and anti-inflammatory nutrients in lupus patients are needed to
determine whether these dietary factors could modulate the inflammatory response in SLE.

The influence of antioxidant intake on serum hsCRP levels remains unclear. Although there is a certain
association between regular intake of certain vitamins and trace elements and lower hsCRP concentrations
(Scheurig, Thorand, Fischer, Heier, & Koenig, 2008), from our results in the present study it appears that regular
intake of antioxidants (vitamin A, vitamin C, vitamin E, selenium and zinc) was not associated per se with serum
hsCRP levels. Additionally, in a previous study conducted in a large population of healthy Chinese women, results
showed a lack of association between several dietary antioxidant scores (DAQs and CDAI) and serum hsCRP
levels (Luu et al., 2015). This evidence could explain why, though DAQs can be a potential tool for assessing
dietary anti-inflammatory capacity with certain biomarkers, serum hsCRP levels do not seem to be influenced by
dietary antioxidant intake. Other possibilities are that the role of diet in hsCRP levels may differ in dysmetabolic
subjects or inflammatory conditions compared to healthy subjects (Bo et al., 2008) or that the inflammatory milieu
characteristic of SLE exerts a great deal of influence on serum hsCRP levels (Pohl & Benseler, 2013; Rezaieyazdi
et al., 2011). This possibility may also explain the lack of association between hsCRP and nutrient intake in

general in our work.

The present study has several limitations. Due to its cross-sectional design, we can draw no conclusions
about causation. In addition, the self-reported 24-hr dietary recall could be confounded by issues relating to
memory and food quantification. In an attempt to reduce any potential bias, however, we collected the data
through face-to-face interviews conducted by a trained nutritionist using pictorial food models. The main
strengths of this study are 1) that it is the first to assess the potential influence of the dietary intake of nutrients
and antioxidants on serum hsCRP levels, as a biomarker of inflammation, in a cohort of lupus patients and 2) we
minimized variation in our study cohort by choosing participants with low-to-moderate disease activity and

excluding those with other clinical conditions or who were taking high doses of corticoids.
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In conclusion, our data reveal that participating lupus patients had a low-quality diet that did not appear
to influence inflammatory status as measured using serum hsCRP levels. Interventional studies in patients with

SLE that involve high-quality diets are necessary for assessing the potential role of diet in hsCRP levels in SLE.
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Table 1. Demographic and clinical characteristics of participating patients with SLE patients (V= 91).

Characteristic Mean (SD)
Age (years) 44.47 £ 13.450
SLE duration (years) 7.85+4.29
Corticoid dose (mg) 1.88 £2.81
Serum hsCRP (mg/dl) 3.76 £ 6.68
SLEDAI 3.52+2.89
SLICC 1.27 +1.17
n (%)

Current smoker, yes 19 (20.9)
Antimalarial use, yes 78 (85.7)
Immunosuppresor use, yes 38 (41.8)
Corticoid use, yes 33 (36.3)

Note. hsCRP = high-sensitivity C-reactive protein; SLE = systemic lupus erythematosus; SLEDAI = Systemic
Lupus Erythematosus Disease Activity Index 2000; SLICC = Systemic Lupus International Collaborating
Clinics classification criteria.
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Table 2. Mean + SD macronutrient intake across quartiles of high-sensitivity C-reactive protein (hsCRP) levels.

Quartiles of hsCRP (mg/dl)

Ql Q2 Q3 Q4
<0.8 0.8-1.4 1.5-3.7 >38
Macronutrient (n=26) n=21) (n=22) (n=22) p-value
Calories (kcal) 1880.2 £548.66  1909.75 +414.51 1952.45+629.20 1714.27+315 0.386
Protein (g) 75.57 +25.88 75.8450 £25.46  81.2909 +28.15 67.28 £16.26 0.277
Carbohydrate (g) 197.23 £ 65.19 191.75+49.84 203.81 £ 75.55 177.38 +38 0.545
Total fat (g) 85.50 +=31.05 87.89 +25.04 85.86 +33.32 75.65 +20.07 0.406
Total saturated fatty acids (g) 26.84 +12.56 30.34£11.60 27.84 +14.13 22.63+7.51 0.127
Total monounsaturated fatty acids (g) 36.63 £13.14 38.88 £ 12.14 38.73 £13.02 36.40 £ 12.25 0.511
Total polyunsaturated fatty acids (g) 11.86 £ 6.30 12.53£5.92 12.70 + 6.68 10.72 £4.02 0.787
Cholesterol (g) 269.76 £ 169.21 297.05+131.63  290.81+213.15 250.61 +197.00 0.559
Dietary fiber (g) 17.49 +7.40 19.47 £ 11.00 20.76 + 11.03 19.67 £ 8.16 0.392
Note. Adjusted for age, gender, smoking, medical treatment (antimalarials, immunosuppressors and corticoid dose).
Table 3. Mean + SD micronutrient intake across quartiles of high-sensitivity C-reactive protein (hsCRP) levels.
Quartiles of hsCRP (mg/dl)
Micronutrient Q3 Q4 p-value
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<0.8 0.8-1.4 1.5-3.7 >3.8
(n=26) (n=21) (n=22) (n=22)
Magnesium (mg) 264.08 + 89.39 266.80 + 77.30 279.63 £ 94.14 251.23 £63.19 0.900
Iron (mg) 13.00 + 4.68 11.66 +3.71 12.28 +6.27 12.08 +4.94 0.103
Calcium (mg) 845.31 +381.00 874.15 +£315.75 813.81+317.59 742.09 +370.07 0.396
Zinc (mg) 8.55+2.88 8.79+3.72 8.97 £3.60 9.05+4.76 0.683
Selenium (mg) 98.56 + 68.50 102.57 + 42.85 118.38 +54.43 85.60 +37.87 0.216
Phosphorus (mg) 1280.46 +£373.08  1383.65 +469.97 1373.73 £464.37  1198.72 +355.55 0.521
Iodine (mg) 95.27 £ 74.24 161.66 +340.34 87.05+29.21 98.18 +78.75 0.364
Sodium (mg) 2464.08 £ 874.80 244190+ 1475.64  2478.50 +£1175.76  2106.09 + 844.04 0.661
Potassium (mg) 2783.12+988.51  2716.55+1031.17  2816.64 +£1030.73 2415.5+692.21 0.653
Vitamin B1 (mg) 1.41+0.68 1.48+0.82 1.61+2.14 1.24+0.48 0.737
Vitamin B2 (mg) 1.79+0.76 1.79+0.74 1.49 +0.44 1.59+0.71 0.545
Vitamin B3 (mg) 29.67 £15.59 30.85+11.81 32.35+10.81 28.01+7.15 0.624
Vitamin B6 (mg) 1.50 £ 0.65 1.94 +0.89 1.95+1.13 1.66 +0.58 0.249
Folic acid (ng) 252.95+130.14 237.5+123.22 272.91 +169.35 262.70 + 109.66 0.752
Vitamin B12 (mg) 8.99 +9.35 17.18 £22.86 8.51+10.20 8.56 £ 15.70 0.347
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Vitamin E (mg) 10.25 +7.35 9.60 £5.35 9.32+4.17 8.72+4.02 0.733
Vitamin C (mg) 127.63 £ 85.28 99.77 + 74.30 126.36 £ 80.91 120.08 £ 79.90 0.356
Carotenoids (mg) 2142.61 £2851.16  1936.75+1529.85  1333.90 + 1357.82  2604.85 + 2804.05 0.422
Vitamin A (ug RAE)

(eq.retinol) 335.49 £367.71 378.30 £316.42 342.71 £ 250.39 215.00 £ 139.88 0.307
Vitamin D (mg) 5.02+13.05 4.92 +10.15 6.77£15.22 494 +15.67 0.247

Note. Adjusted for age, gender, smoking, medical treatment (antimalarials, immunosuppressors and corticoid dose)

RAE-= Retinol activity equivalents
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Dietary inflammatory index (DII®) and cardiovascular risk markers in woman with

systemic lupus erythematosus (SLE).

Research Snapshot

Research question: Is the inflammatory potential of diet measured through DII®

associated with cardiovascular risk markers in woman with SLE?

Key Findings: In this cross-sectional study that included 105 women with SLE, DII® was
significantly associated with total cholesterol levels (p=.014) after adjusting for age,

physical activity and the use of medical treatment.

Abstract

Background: Patients with systemic lupus erythematosus (SLE), a chronic inflammatory
autoimmune disease, have an increased risk of developing cardiovascular diseases
(CVD). Environmental factors like diet and nutrition are known to play a key role in
modulating inflammation and the prognosis of cardiovascular diseases.

Objective: To investigate the relationship between the dietary inflammatory index (DII®)
and CVD risk markers in a population of female SLE patients.

Design: A cross-sectional study was conducted in women with SLE recruited from 2016

through 2017.

Participants/settings: Clinically stable women with SLE were enrolled from three public
hospitals in the Andalusian region of Spain. Participants with chronic renal failure, active

infections, recent trauma, pregnancy and/or other autoimmune diseases were excluded.
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Main outcome measures: A 24-hour diet recall was used to estimate the DII® and physical
activity was assessed through the International Physical Activity Questionnaires (IPAQ).
CVD risk markers included blood lipid profile (total cholesterol, HDL-c, LDL-c,
triglycerides); high sensivity C-reactive protein (hsCRP), homocysteine (Hcy) levels;
along with the diagnosis of obesity, diabetes mellitus, hypertension, dyslipidemia and

ankle brachial index (ABI) measurement.

Statistical analyses performed: Comparisons of CVD risk markers across the DII® tertiles
were analyzed through a one-way ANOVA and linear regressions adjusting for age,

physical activity level and medical treatment.

Results: A total of 105 women (aged 45.4 = 12.8) were included. Linear regression
analysis revealed that the DII® was significantly associated with total cholesterol levels
(=0.26,95% CI 1.66 - 14.28, p =.014) after adjusting for age, physical activity and the
use of medical treatment. No significant associations were observed between the DII®
and the other cardiovascular markers considered.

Conclusion: Higher inflammatory potential of the diet was positively associated with
higher total cholesterol levels in females with SLE. These findings suggest that the
inflammatory potential of the diet may play a role in lipid profiles in this

population. Future intervention studies are needed to build upon these results and explore

the effect of anti-inflammatory diets on health outcomes in individuals with SLE.

Keywords: lupus; autoimmune; dietary intake; inflammation; cardiovascular.

Introduction
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Systemic lupus erythematosus (SLE) is a chronic autoimmune and inflammatory
disease characterized by the production of autoantibodies and immune complexes that
induce inflammatory reactions and damage in various tissues '. Patients with SLE have a
higher risk (2.66-fold) of developing cardiovascular disease (CVD) than that expected for
the general population 2. Various large studies have found that CVD are currently the main
cause of death in SLE** An early or subclinical atherosclerosis process has been
identified as the step prior to CVD and a strong predictor of cardiovascular events®,
Indeed, compared to matched healthy controls, patients with SLE have an increased

incidence of early or subclinical atherosclerosis®’.

The elevated risk for CVD in SLE is multifactorial, with traditional risk factors
for CVD (dyslipidemia, smoking, hypertension, obesity, glycemia) contributing to this,
together with disease activity, SLE-related immunological factors, and the multiple

treatments received 2.

Diet and nutrition are known to play a key role in modulating inflammation 8 and
the prognosis of cardiovascular risk’. Research has shown that there is a strong
relationship between atherogenesis and inflammation induced by diet 3!°. In this context,
certain dietary factors, nutrients, and non-nutrient food components could modulate
inflammation both acutely and chronically !!, and may play a role in the atherogenesis

process in SLE 12,
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Certain dietary patterns, such as “Western-like” diets, have been demonstrated to
have a potent proinflammatory potential ®. An interesting tool, the dietary inflammatory
index (DII®) has been developed, and validated, to assess the inflammatory potential of
an individual's overall diet '*. Remarkably, the DII® has shown to be associated with

14,15
b

several inflammatory diseases including cancer metabolic syndrome and

cardiovascular disease '8, An elevated DII® score, corresponding to a proinflammatory
diet is related with a higher risk of CVD ', as well as cardiovascular risk factors 1*%
and inflammatory biomarkers?!. Interestingly, two recent meta-analyses concluded that
more proinflammatory diets are independently associated with an increased risk of all-

cause CVD in the general population, highlighting the fact that low inflammatory dietary

patterns may reduce CVD risk %%,

In this context and considering that the inflammatory potential of the diet has not
been investigated in SLE, the aim of this study was to investigate the relationship between
the DIT® and cardiovascular risk markers in a well-characterized population of woman

with SLE.

Patients and methods
Study population

A cross-sectional study was conducted among women diagnosed with SLE and
attending the outpatient clinic of the Systemic Autoimmune Diseases Unit for three public
hospitals in the Andalusian region of Spain from January 2016 through October 2017. All

the patients included met the revised SLE diagnostic criteria of the American College of
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Rheumatology (ACR) or SLICC criteria 2%°, at least one year prior to the study. The
patients were clinically stable, with no changes in the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI)?*® and/or medical treatment over the six months just

prior to the study.

Cerebrovascular disease, ischemic heart disease, serum creatinine > 1.5 mg/dl
(132.6 pmol/L), active infections, major trauma or surgery in the previous six months,
pregnancy and/or other chronic and/or autoimmune systemic conditions (i.e rheumatoid
arthritis, cancer, multiple sclerosis, type 1 diabetes) not related with the main disease,

were considered exclusion criteria.

A total of 165 female SLE patients between 18 and 80 years of age who were
routinely seen in the Systematic Autoimmune Disease Units were approached regarding
study participation and screened for eligibility. After medical consultation and according
to the inclusion and exclusion criteria, 51 patients were not eligible for study participation
(24 were excluded for having active infections at the time of the study, 17 had other
autoimmune conditions, 8 had severe lupus nephritis, and 2 were pregnant). In addition,
9 patients declined to participate. Therefore, a total of 105 women were included in the

study.

Written informed consent was obtained from each participant, the study was

approved by local ethics committees (“Comité Coordinador de Etica de la Investigacion
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en Andalucia” (30-11-2016)) and conducted in accordance with the Declaration of

Helsinki.

General procedures

Participant’s medical history including medication usage was obtained during an
in-person medical consultation. Following the medical consultation, information
regarding dietary habits, food and beverage intake, smoking status (yes/not), alcohol
consumption (grams of alcohol/day), body mass index (BMI), and physical activity
(min/week) assessed by the International Physical Activity Questionnaires (IPAQ)?’ was

obtained through an in-person interview.

Blood lipid profile, hsCRP and homocysteine determination

Venous blood samples were collected between 07:30 and 10:00 AM after an
overnight fast and then centrifuged for 15 min to obtain serum. The serum was analyzed
immediately to obtain the biochemical variables determined by standard laboratory
methods, including: total cholesterol (TC); low density lipoprotein (LDL-c) (calculated
using the Friedewald formula?®); high density lipoprotein (HDL-c); triglycerides (TG) in

a Technicon Dax-72 autoanalyzer (Technicon Instruments, Co. New York, USA).

To determine hs-CRP levels, immunoturbidimetric assays (Beckman Coulter AU
System CRP Latex reagent) in a Beckman Coulter analyser (AUS5800 Analyzer, Beckman
Coulter, CA, USA) were used. This highly sensitive technique was used to measure hs-

CRP ranges of between 0.2—80 mg/L (1.9 — 761.9 nmol/L).
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An enzymatic colorimetric assay using the Axis-Shield Liquid Stable (LS) 2-Part
Homocysteine Reagent (Axis-Shield Diagnostics Ltd, Dundee, UK) was used to measure
Hcy serum levels in a Beckman Coulter analyser (AU680, Beckman Coulter, CA, USA).

This method measures Hey levels ranging between 0.27 — 5.95 mg/L (2—44 pmol/L).

Ankle-brachial index (ABI)
The ankle-brachial index (ABI), a validated and effective tool recognized as a
prognostic factor for cardiovascular events and all-cause mortality was measured to

assess subclinical atherosclerosis 2%,

The ABI measurement was performed according to American Heart Association
(AHA) recommendations 2. Systolic blood pressures (SBPs) were measured by the same
researcher at the ankle level and in the brachial arteries on both arms and legs, using a
manual sphygmomanometer (Riester 1312 minimus® II. Jungingen, Germany) and a
portable vascular Doppler (Hadeco Minidop ES-100VX. Kawasaki, Japan). For
calculating the ABI in each leg, the higher pressure of the arteries at the ankle was divided by
the highest brachial arterial systolic pressure of both arms. The lowest ABI was used for the

study purposes.

Nutritional and anthropometric assessment

Following the medical consultation, an in-person interview by a trained
nutritionist/dietitian was conducted. Dietary intake was assessed through a 24-hour diet
recall. Patients were asked about portions and amounts of each food or beverage item

consumed, the number and amount of ingredients used in each recipe, as well as questions
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concerning meal preparation, sweets, alcoholic and non-alcoholic drinks, and added sugar
in the last 24 hours. To improve the accuracy of the food quantities recorded, standard
household measures and pictorial food models were used *!. Reported food and beverage
intake were converted to nutrient intake using Nutriber 1.1.5 software (Fundacion
Universitaria Iberoamericana (FUNIBER, 2015), Barcelona, Spain) 3.

Body weight (kg) and height (m) were measured twice (without shoes and in
light clothes) for calculating BMI in a SECA763® (Hanover, MD 21076 USA) measuring
station. The averages of the two values for each measurement were used in the analysis.
The same trained nutritionist/dietitian performed all the measurements. BMI was

calculated and classified according to the World Health Organisation (WHO)?.

Dietary Inflammatory Index (DII®)

The DII® was estimated for the study participants according to the method
described by Shivappa et al. A detailed description of the design and development of the
DII® has been published previously'>. Briefly, for the DII® determination, the dietary data
was first linked to the regionally representative world database, which provided a robust
mean and standard deviation estimate for each parameter. These then became the
multipliers for expressing an individual’s exposure relative to the “standard global mean”
as a z-score. This was achieved by subtracting the “standard global mean” from the
amount reported and dividing this value by the standard deviation. To reduce the “right
skewing” effect, this value was converted to a centered percentile score. For each

individual and each food parameter, this score was then multiplied by the respective food

10
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parameter effect score, derived from a literature review, in order to obtain a food-
parameter-specific DII® score for everyone. All these DII® scores were then added
together to create each participant’s DIT® score. Overall, 25 food parameters including
alcohol, beta carotene, carbohydrate, cholesterol, energy, fiber, folate, iron, magnesium,
monounsaturated fatty acid, niacin, polyunsaturated fatty acid, protein, riboflavin,
saturated fatty acid, selenium, thiamine, total fat, vitamin A, vitamin B12, vitamin B6,

vitamin C, vitamin D, vitamin E, and zinc were used to calculate DII.

Physical activity questionnaire

Physical activity (PA) levels were assessed using the short version of the
International Physical Activity Questionnaire (IPAQ), a reliable and validated tool for
measuring physical activity in European adult populations . IPAQ includes three types
of activity: walking, moderate intensity activities, and vigorous-intensity activities. The
number of minutes spent every week on each activity were computed separately by
multiplying the duration and the frequency of each type of activity. A metabolic
equivalent (MET) per minute was obtained, multiplying the total minutes and MET value
of vigorous physical activity (VPA) (MET = 8.0), moderate physical activity (MPA)

(MET = 4.0) and walking (MET = 3.3), and then adding the three together 3*.

Statistical Analysis

SPSS Statistics®® version 21.0 (SPSS, Chicago, IL, USA) was used for all the

analyses. The Kolmogorov—Smirnov test was used to verify data distribution normality.

11
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The data was expressed as the mean = the standard deviation (SD). The DII® was analyzed
both as a continuous variable and as a categorized variable based on tertiles. In the
categorized analysis, DII® values were divided into tertiles with the following cut-off
points being obtained from results: T1: (-2.61, -0.03); T2: (-0.02, 1.17); T3: (1.18, 2.56).
Generalized linear models were developed including the mean value of each DII® tertile
and outcomes of interest after multivariable adjustment. To examine the relationship
between the different variables and the DII® tertiles a one-way ANOVA analysis was
performed. Linear regression analyses were also conducted to determine the association
of the continuous DII® score with body composition and cardiovascular risk markers.
Age, physical activity level and use of medical treatment (immunosuppressors,
antimalarials, corticoids, antihypertensive and/or statin drug prescription) were
considered confounding factors and adjusted in the previous analysis. The results are
reported as percentage of change (B) with 95% confidence intervals (95% CI). p values

<0.05 were considered statistically significant.

Results

The main characteristics of the study group are shown in Table 1. The study
sample comprised 105 female patients with a mean age of 45.4 + 12.8. The mean time
since being diagnosed with SLE was 8.5 £ 5 years. According to their medical records,
81% of patients were taking antimalarials, 38.1% immunosuppressors, 39 %
corticosteroids (mean dose 2.1 + 3.1 mg/day), and 23% statins for blood lipid

management. All patients included in the study presented low to moderate disease activity
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(mean SLEDALI: 3.7) and a very low damage index (mean SLICC: 1.3), ranging from 0

to 5.

The mean (SD) DII® score was 0.4 = 1.2, ranging from a maximum anti-
inflammatory profile of -2.6 to a maximum proinflammatory profile of +2.6. The mean
BMI of the study population was 25.5 + 5 kg/m?. Based on the BMI classification®, the
majority of the study participants (53.8%) were of normal weight, although 1.9%, 26.9%,

and 17.3 % were considered underweight, overweight, and obese, respectively.

Interestingly, when the DII® was considered a continuous variable, the linear
regression analysis revealed a strong association of TC levels with the DII® after
adjustments for age, physical activity level, and medical treatment (p =0.014 f=10.264,
95% CI 1.660 — 14.275) (Table 2). In addition, for LDL-c and dyslipidemia p values very
close to the threshold for association were observed (p =0.05 £ =0.205, 95% CI - 0.061
— 11.29 and p=0.07 f=- 0.150, 95% CI - 0.10— 0.05). No significant association was

found between the DII® and the other cardiovascular risk markers analyzed.

Table 3 shows the cardiovascular risk markers of the study participants
according to DII® score tertiles. Interestingly, after adjusting for confounding factors,
higher DII® score (proinflammatory diet) and elevated total cholesterol (TC) levels
showed the lowest p values (p=0.06). No significant differences were found between DII

tertiles for any of the cardiovascular risk parameters studied.

13
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Table 4 shows reported macro and micronutrient intake across the DII® tertiles.
For macronutrients, a lower DII® score (anti-inflammatory diet) was significantly
associated with higher dietary fiber and protein intakes (p < 0.001, p=0.010 respectively);
meanwhile for micronutrients, a lower DII® was associated with higher iron (p<0.001),
zine (p<0.001), magnesium (p<0.001), carotenoids (p<0.001), and B vitamins (B1, B2,
B3, B6, B12 and folic acid) intakes (p=0.003; p<0.001; p<0.001; p=0.001; p=0.025;

p<0.001 respectively).

Discussion

The aim of this study was to investigate the relationship between the inflammatory
potential of the diet and cardiovascular risk parameters in women with SLE. Study results
reveal that a proinflammatory diet is associated with higher values of total cholesterol,

suggesting that this kind of diet may play a role in the blood lipid profile of SLE patients.

Similar to the current study findings, previous studies conducted in normal,
overweight and obese participants have shown that higher DII® scores (proinflammatory
diets) are associated with altered lipid profiles 3. In the Seasonal Variation of Blood
Cholesterol Study (SEASONS), which included 559 participants, higher DII® scores
(proinflammatory diets) were associated with higher LDL-c values *. Indeed, in another
study comprising a cohort of 90 overweight and sedentary participants, DII® was

positively associated with TC .
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The relationship between hypertension and DII® seems to be unclear. Although
previous evidence points towards a positive correlation between hypertension and a

t 1737 other studies, like the current one, have found no clear

proinflammatory die
association between a previous diagnosis of hypertension, or blood pressure levels, and
the inflammatory potential of diet 2**¢40, For this reason, further studies are necessary to

clarify this issue and fully elucidate the relationship between DII and hypertension in SLE

patients.

In addition, and in line with the present study, the association between DII and
inflammatory biomarkers like CRP and homocysteine is not clear 2'*!, Particularly in
SLE patients, it could be possible that the inflammatory milieu characteristic of SLE
exerts a great deal of influence on serum inflammatory biomarkers *>*3 that is not easily

modified by diet.

Considering the current findings and the evidence presented above, it seems that
a proinflammatory diet may be associated with a less favorable lipid profile as well as
cardiovascular risk in both healthy populations and lupus patients. The possible
mechanisms underlying this are not totally clear but previous studies postulate that
unhealthy and/or “Western” dietary patterns are linked to an increased production of
proinflammatory cytokines and changes in the gut microbiota that lead to low-grade

inflammation increasing the risk of cardiovascular, chronic, and inflammatory diseases

8,44
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On the other hand, certain nutrients and dietary factors like fiber, mono- and
polyunsaturated fatty acids, and antioxidant vitamins and minerals found in healthy
dietary patterns have the capacity to increase anti-inflammatory cytokine production and
may explain their benefits with regard to inflammation 8. This is in line with the present
study s results where a lower DII was associated with higher intakes of fiber and some

micronutrients.

In addition, interventional studies of high cardiovascular risk populations have
shown that traditional dietary patterns, like the Mediterranean diet, are associated with
improvements in inflammation biomarkers and lipid profiles “*~’. Specifically in SLE,
dietary counseling and lifestyle change interventions have shown to be successful at
modifying CVD risk factors *3°. These would support future research needs focused on
the role of anti-inflammatory diets as a useful tool against CVD. Additional intervention

studies in the lupus population are needed to further dissect the role of diet and CVD risk.

There were potential limitations to this study. Firstly, due to its cross-sectional
design, no causal conclusions can be drawn. Longitudinal studies are therefore necessary
to explore how the inflammatory potential of diet impacts cardiovascular risk parameters
in lupus patients. Secondly, the DII® was calculated from a single 24-hour dietary recall,
which may not be an accurate reflection of habitual diet at an individual level®’. In
addition, one 24-hour dietary recall is not appropriate to capture dietary aspect such as
the omega-3s vs omega-6s ratio or the overall added sugar intake which could potentially
influence inflammation’'. Although the literature supports the use of this tool as a

pertinent method for assessing nutrient intake, it may involve issues relating to memory
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and food quantification 2. To improve the accuracy of the food descriptions, the data was
collected in face-to-face interviews conducted by a trained nutritionist, where standard
household measures and pictorial food models were used. Finally, the DII® score was
calculated based on only 25 of the 45 nutritional parameters of the original DII®'3,
Nevertheless, it should be noted that the food parameters not considered are generally not
consumed in significant amounts, and that their absence has been shown to have no effect
on the validity of the DII score *>*°. An important strength is the fact that the present study
uses information from a well-selected lupus population, with low-stage disease patients

being included and those with other clinical conditions, or who take high doses of

corticoids, being excluded.

Conclusion

In conclusion, the present study reveals that a proinflammatory diet is associated
with a less favorable lipid profile in SLE patients in terms of TC, revealing the
relationship between this kind of diet and blood lipids. Considering the high risk of
cardiovascular disease in SLE, anti-inflammatory dietary patterns may play a role in
disease management. Future lupus and or autoimmune population-based studies are

required to build-on these preliminary findings.
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Table 1. Demographic and clinical characteristics of a group of 105 woman with SLE
attending the outpatient clinic of the Systemic Autoimmune Diseases Unit across three

public hospitals in the Andalusian region of Spain participating in a cross-sectional study

178

between January 2016 and October 2017.

Characteristics (n=105) Mean (SD)
Age (years) 454 +£12.8
SLE? duration (years) 8.54+£5.04
SLICCP 1.26 +1.26
SLEDAI® 3.69+£2.90
Corticoid dose (mg/day) 2.08 £3.08
Height (m) 1.60 £ 0.065
Weight (kg) 65.7+13.66
BMI (kg/m?) 255+5
Physical activity (MET
minutes/week) 29673731
DII®* (median) 043 +1.19
Frequency n (%)
Statin use 24 (22.9)
Antimalarial use 85 (81.0)
Inmmunosuppresor use 40 (38.1)
Corticoid use 41 (39)

2SLE= systemic lupus erythematosus
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PSLICC = damage index for systemic lupus erythematosus. SLICC assess irreversible damage in SLE
patients, independently of its cause. The maximum possible score is 47.

°SLEDALI = systemic lupus erythematosus disease activity index. SLEDALI is a list of 24 items which are
scored based on whether disease manifestations are present or absent in the previous 10 days. Total score
ranges between 0 and 105 and a score of 6 is considered clinically important.

9BMI = body mass index

°DII= dietary inflammatory index. The DII assess the inflammatory potential of the diet and can be applied

to any population in which dietary data have been collected. The scores range from 7.98 (i.e. strongly pro-
inflammatory) to —8.87 (i.e. strongly anti-inflammatory).
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Table 2. Beta estimates and confidence intervals for the association between dietary
inflammatory index (DII®), anthropometric and cardiovascular risk parameters in a group
of 105 women with SLE attending the outpatient clinic of the Systemic Autoimmune
Diseases Unit across three public hospitals in the Andalusian region of Spain participating

in a cross-sectional study between January 2016 and October 2017.

Dietary inflammatory index (DII®) continuous
/] 95% CI Pvalue *

Smoking -0.07 0.12-0.06 0.54
Hypertension -0.06 -0.09 —0.48 0.55
Dyslipidemia -0.15 -0.10-0.05 0.07
Type 2 Diabetes 0.11 -0.21-0.07 0.30
Obesity 0.14 -0.02-0.11 0.18
Body mass index (BMI),

0.18 -0.15-1.56 0.09
kg/m2
Ankle-brachial index

-0.13 -0.04 - 0.01 0.33

(ABI)
TC® (mg/dL) 0.26 1.66 —14.28 0.014
TG (mg/dL) 0.12 -3.56— 12.67 0.27
HDL-C (mg/dL) 0.14 -1.10-5.18 0.20
LDLS-C (mg/dL) 0.21 -0.06-11.29 0.05
hsCRP(mg/dL) 0.08 -0.76 — 1.67 0.46
Hcy® (umol/L) 0.06 -5.83-7.35 0.81

2 Statistical analyses were adjusted for age, physical activity level and medical treatment (inmmunosuppressor, corticoid.
antimalarial, antihypertensive and/or statin prescription).
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"TC= total cholesterol

°TG= triglycerides

YHDL= high density lipoprotein

°LDL= low density lipoprotein

ThsCRP= high sensivity C-reactive protein

€Hcy = homocysteine.
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Table 3. Clinical characteristics and cardiovascular risk markers in a cohort of 105 women
with SLE attending the outpatient clinic of the Systemic Autoimmune Diseases Unit
across three public hospitals in the Andalusian region of Spain participating in a cross-

sectional study between January 2016 and October 2017.

Tertiles of dietary inflammatory index score (DIT®)
T1 T2 T3
(n=35) (n=35) (n=35)
Pvalue”
(-2.61,-0.03) | (-0.02,1.17) | (1.18,2.56)
Most antiinflamatory Most proinflamatory
Smoking n (%) 6(17.14)° 10 (28.57) | 10(28.57) 0.39
Hypertension n (%) 9(25.71)° 9(25.71) 9 (25.71) 1
Dyslipidemia (%) 14 (40)® 14 (40) 16 (45.7) 0.86
Diabetes 7 (%) 4(11.43)° 3(8.57) 0(0) 0.14
Obesity 1 (%) 4(11.43)° 5(14.29) 9 (25.71) 0.24
BMI® (kg/m?) 24.6+43% | 255+45 264+59 0.27
ABI° 1+£1.3¢ 1.1+£0.1 1£0.1 0.25
TCf (mg/dL)2 181.3+39.79 | 189.9+£32.7 | 195.2 £ 34.8 0.06
TG" (mg/dL)’ 993+51.9¢ | 94.8+36.9 | 101.3+44.1 0.89
HDL-C' (mg/dL)2 57.9+155% | 62.5+21.1 60 + 14 0.38
LDL-CX(mg/dL)? 103.7+3229] 108.8 +30.1 | 115.6 +35.2 0.18
hsCRP! (mg/L)™ 3.2+424 3+46 5+10.2 0.45
Hey"(pmol/L)° 106+3.1¢ | 18.9+265 10£2.7 0.44

2 Statistical analyses were adjusted for age, physical activity level and medical treatment (inmmunosuppressor,

corticoid, antimalarial, antihypertensive and/or statin prescription).

®For categorical variables n and percentage (%) are shown.

¢ BMI= body mass index.

4 For continuous variables means+standard deviations (SD) are shown.
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¢ABI= ankle-brachial index
fTC= total cholesterol

£To convert from mg/dL to mmol/L: For total, HDL, and LDL cholesterol divide mg/dL by 38.67

"TG= triglycerides

iTo convert triglycerides to mmol/L, divide mg/dL by 88.57

JHDL-C= high density lipoprotein
XLDL-C= low density lipoprotein
'hsCRP= high sensivity C-reactive protein

™To convert high sensivity C-reactive protein from mg/L to nmol/L multiply by 9.524

"Hey = homocysteine

°To convert homocysteine from pmol/L to mg/L divide by 7.397
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Table 4. Mean nutrient intake/day distributed by tertiles of dietary inflammatory index
(DII®) in a cohort of 105 women with SLE attending the outpatient clinic of the Systemic

Autoimmune Diseases Unit across three public hospitals in the Andalusian region of

Spain participating in a cross-sectional study between January 2016 and October 2017.

Tertiles of dietary inflammatory index score (DII®)

T1 T2 T3
(n=35) (n=35) (n=35) P
(-2.61,-0.03) (-0.02, 1.17) (1.18,2.56) value!
Most antiinflamatory Most proinflamatory
Calories (kcal) 1898 +510° 1885 + 558 1789 +431 0.61
Protein (g) 80.5+23.5 78 £25.9 648+17.8 0.010
Carbohydrate (g) 200.9 +56.7 187.2 +£66.8 184.5+46 0.44
Total fat (g) 79.9 +30.2 86.2+31.3 84.8+30.3 0.67
SFA® (g) 243+ 11.4 24.9 +13.96 26.11 + 10.57 0.81
MUFA! (g) 36.1 4 14.2 39.4+13.5 37.9+14.2 0.61
PUFA® (g) 124+65 122463 113+7 0.75
Cholesterol (mg) 168.8 £250.1 189.4 +£285.2 204.9 + 327 0.24
Dietary fiber (g) 257+11.1 16.9+4.2 11.2+3.7 <0.001
Magnesium (mg) 323.2+83.2 262 £ 69 219.5+70.2 <0.001
Iron (mg) 147+5 12+4.5 8.6+29 <0.001
Zinc (mg) 10.1+3.8 8.6+3 6.5+22 <0.001
Selenium (ug) 95.6 + 65.4 101.2+51.5 80.7 +36.1 0.24
Vitamin Bl. (mg) 2418 13£0.5 12£0.5 0.003
Vitamin B2. (mg) 21+1 1.6+0.5 1.4+0.6 <0.001
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Vitamin B3. (mg) 36+ 143 29.2+10.4 20.9 + 10 <0.001
Vitamin B6. (mg) 22409 12+1 1.4+0.7 0.001
Folic Acid (ug) 384.5+151.6 213.7+59.9 203.9+117.1 | <0.001
Vitamin B12 (ng) 93+10.9 17.4+22 8.4+84 0.025
Vitamin E (mg) 21.1+61.9 9.5+4.7 8+5.1 0.25
Vitamin C (mg) 161.8+81.6 96.8 + 57.5 106.5 + 203 0.09

Carotenoids (Lg) | 3666.6+2729.5 | 1390.7 + 983.1 426.1+370.5 | <0.001

Vitamin A

. 1091.8+£517.5 792.4 + 1281 618.9 £ 678.6 0.08
Eq.retinol (ng)
Vitamin D (pg) 3441 2.6+4 8.9+20.7 0.06

2 Statistical analyses were adjusted for age, physical activity level and medical treatment (inmmunosuppressor,
corticoids, antimalarial, antihypertensive and/or statin prescription).

bFor each variable means+standard deviations (SD) is shown.
¢ SFA = saturated fatty acids.
¢MUFA= monounsaturated fatty acids.

¢ PUFA= polyunsaturated fatty acids.

30






Analisis de la influencia de la alimentacion en el Lupus Eritematoso Sistemico (LES)

4. The Relationships of High-Sensitivity C-Reactive
Protein and Homocysteine Levels With Disease Activity,
Damage Accrual, and Cardiovascular Risk in Systemic

Lupus Erythematosus

Pocovi-Gerardino G PhD student, RDNs G*3, Correa-Rodriguez M PhD, RN1*",
Callejas Rubio J-L PhD, MD#, Rios Fernandez R PhD, MD+, Martin Amada M MD>,
Cruz Caparros M MD°, Rueda-Medina B PhD, BSc, RN1¢ and Ortego-Centeno
N PhD, MD3+4,

'Health Sciences Faculty. PhD student of the Public Health and Clinic Medicine
program of the University of Granada (UGR), Avenida de la Ilustracion s/n,
18100-Armilla (Granada), Spain.

*Department of Nursing. Health Sciences Faculty. University of Granada (UGR),
Avenida de la [lustracion s/n, 18100-Armilla (Granada), Spain.

sInstituto de Investigacion Biosanitaria, IBS. Avda. de Madrid, 15. Pabellon de
consultas externas 2, 22 planta, 18012 Granada, Spain.

+Unidad de Enfermedades Autoinmunes Sistémicas, Servicio de Medicina
Interna, Hospital Universitario San Cecilio, Av. de la Investigacion, s/n, 18016
Granada, Spain.

sUnidad de Enfermedades Autoinmunes Sistémicas, Servicio de Medicina
Interna, Complejo Hospitalario de Jaén, Av. del Ejército Espanol, 10, 23007 Jaén,
Spain.

6Unidad de Enfermedades Autoinmunes Sistémicas, Servicio de Medicina

Interna, Hospital de Poniente, Carretera de Almerimar, 31, 04700 El Ejido,
Almeria, Spain.

[Pocovi-Gerardino, G., Correa-Rodriguez, M., Rubio, J. C., Fernandez, R. R.,
Amada, M. M., Caparros, M. C., Rueda-Medina, B., & Ortego-Centeno, N. (2020).
The Relationships of High-Sensitivity C-Reactive Protein and Homocysteine
Levels With Disease Activity, Damage Accrual, and Cardiovascular Risk in
Systemic Lupus Erythematosus. Biological research for nursing, 22(2), 160-177].

Factor de impacto en JCR 2019: 1.789; ranking 35/123 Categoria Nursing; Q2.

187



1
Biol Res Nurs 2020 Apr;22(2):169-177. doi: 10.1177/1099800419889192. Epub 2019
Nov 25.

The Relationships of High-Sensitivity C-Reactive Protein and Homocysteine Levels
With Disease Activity, Damage Accrual, and Cardiovascular Risk in Systemic
Lupus Erythematosus

El lupus eritematoso sistémico (LES) es una enfermedad autoinmune de caracter cronico
e inflamatorio que hace que tenga una elevada morbimortalidad cardiovascular.
Curiosamente, en el LES se ha visto que una restriccion en la ingesta de sodio en la dieta
podria contribuir a controlar la respuesta inflamatoria. Por ello, se propone como objetivo
principal de este proyecto, investigar la influencia de la ingesta de sodio y potasio como
factor condicionante de cronicidad, gravedad y riesgo cardiovascular en el LES.

Running head: High sensitivity C-reactive protein and homocysteine in systemic lupus
erythematosus
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ABSTRACT

Background: Chronic inflammation coupled with cardiovascular disease (CVD) risk
factors influence the progression of atherosclerosis in systemic lupus erythematosus
(SLE) where elevated levels of high-sensitivity C-reactive protein (hs-CRP) and
homocysteine (Hcy) are observed.

Objective: We aimed to investigate hs-CRP and Hcy levels and their association with
disease activity, damage accrual and CVD risk in patients with SLE.

Methods: A cross-sectional study was conducted on 139 subjects with SLE (age, M=
45.27,SD=13.18). SLEDAI-2K and SLICC/ACR (SDI) criteria were used to assess SLE
activity and damage accrual respectively. Obesity, diabetes mellitus, hypertension, blood
lipids and ankle—brachial index (ABI) were considered CVD risk factors. Linear
regression analysis and one-way ANOVA were used to analyse the relationship between
hs-CRP and Hcy with the mentioned variables.

Results: hs-CRP correlated significantly with SLEDAI-2K, SDI and anti-dsDNA titres
(»p=0.036, p= 0.001, p= 0.034), but Hcy did not. hs-CRP and Hcy correlated with
triglyceride (TG) levels (p=0.032 and p <0.001), TG/HDL-C index (p =0.020 and
p=0.001) and atherogenic index of plasma (AIP) (p =0.006 and p =0.016). Only hs-
CRP correlated with diabetes and obesity (p = 0.005, p=0.027). Elevated levels of hs-
CRP (> 3 mg/L) correlated with SDI score (p = 0.012) and with several CVD risk factors.

Discussion: Hs-CRP, but not Hey, serum levels correlate significantly with SDI, SLEDAI
and anti-dsDNA antibodies. Both hs-CRP and Hcy correlated with a worse lipid profile
but only hs-CRP correlated with smoking, diabetes mellitus, dyslipidaemia and obesity.

Keywords: lupus; autoimmune; c-reactive protein; homocysteine; inflammation;
cardiovascular.



4
Biol Res Nurs 2020 Apr;22(2):169-177. doi: 10.1177/1099800419889192. Epub 2019
Nov 25.

INTRODUCTION

Systemic lupus erythematosus (SLE) is one of the most representative but still
poorly understood autoimmune diseases (Selmi et al., 2015). Although several
complications arise from the inflammatory process and the impairment of the immune
response, cardiovascular disease (CVD) due to an accelerated atherosclerosis process is
the main cause of morbidity and mortality in SLE patients (Abu-Shakra & Novack, 2012;
McMahon, Hahn, & Skaggs, 2011). The aetiology and pathogenesis of accelerated
atherosclerosis in SLE have not been fully elucidated. Nevertheless, it seems to be the
result of traditional and/or classic CVD risk factors (smoking, diabetes mellitus,
hypertension, obesity and dyslipidaemia) in combination with specific events in SLE
patients such as the chronic inflammatory process, the presence of autoantibodies and the
negative impact of their multidrug therapy (Esdaile et al., 2001; Magder & Petri, n.d.).
The chronic inflammatory process is characterised by the release of multiple
inflammatory mediators that create a hostile environment which promotes atherosclerosis

development, endothelium damage and SLE progression (Bugata et al., 2018).

C-reactive protein (CRP) levels, one of the primary acute phase reactants that
participates in the systemic response to inflammation, are often elevated in several
chronic inflammatory conditions including both cardiovascular and autoimmune
rheumatic diseases (Thiele et al., 2015) where levels appear to correlate with flare-ups
and activity (Rhodes, Furnrohr, Vyse, Flirnrohr, & Vyse, 2011). In lupus patients, the role
of CRP is yet to be fully clarified. CRP levels are significantly higher in lupus patients
compared to the general population but they are often only slightly elevated (Barnes et
al., 2005; Rezaieyazdi et al., 2011). It has been suggested that high CRP levels in SLE

may be more strongly associated with infections or traumas that often occurs during SLE
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(Rezaieyazdi et al., 2011). Regarding the role of CRP as a marker of SLE activity and
progression, the results from previous studies are contradictory (Barnes et al., 2005;
Bertoli, Vila, Reveille, Alarcon, & LUMINA Study Group, 2008; Lee, Singh, Link, &
Petri, 2008; Mok, Birmingham, Ho, Hebert, & Rovin, 2013). On the other hand, although
hs-CRP levels have been considered an independent risk factor for CVD in the general
population across different countries and ethnicities (Fonseca & Izar, 2016; Parrinello et

al., 2015), their role as a CVD risk factor in SLE is still unclear (Barnes et al., 2005; Lee

et al., 2008; Nikpour, Gladman, Ibanez, & Urowitz, 2009).

Elevated levels of homocysteine (Hey), an amino acid metabolite, are associated
with endothelial dysfunction and increased risk of CVD (Schaffer et al.,, 2014;
Wierzbicki, 2007). Hey levels are often elevated in lupus patients (Bonciani et al., 2016;
Lertratanakul et al., 2014; Martinez-Berriotxoa, Ruiz-Irastorza, Egurbide Arberas, Rueda
Gutiérrez, & Aguirre Errasti, 2003; McMahon et al., 2014; Sabio et al., 2014) and
although they have been associated with the presence and progression of atherosclerosis
in SLE (Lertratanakul et al., 2014; McMahon et al., 2014), there is little evidence
concerning its correlation with disease progression or CVD risk factors in the SLE adult

population (Bonciani et al., 2016; Martinez-Berriotxoa et al., 2003; Sabio et al., 2014).

Therefore, considering that both CRP and Hey are known biomarkers associated
with the risk of CVD in the general population and that their implication in cardiovascular
risk and disease activity in lupus patients is still unclear, we aimed to assess both hs-CRP
and Hcy levels and to investigate their possible correlation with disease activity, damage

accrual and CVD risk factors in an adult SLE population.
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METHODS

Study population

A cross-sectional study was conducted among 139 subjects diagnosed with SLE
attended at the Outpatient Clinic of the Systemic Autoimmune Diseases Unit across three
public hospitals in the Andalusian region of Spain. All patients met the SLE revised
criteria of the American College of Rheumatology (ACR)/Sytemic Lupus Erythematosus
International Collaborating Clinics Group (SLICC) criteria (Hochberg, 1997; Petri et al.,
2012). According to the SLICC criteria, a person is classified as having lupus if he or she
has “lupus nephritis” in the presence of antinuclear antibodies anti-double-stranded DNA
antibodies (Anti-dsDNA) or meets four criteria (with at least one criterion being clinical
and at least one criterion being immunological) from a series of clinical and analytical
manifestations characteristic of the disease (Petri et al., 2012). The participants had been
confirmed as suffering SLE at least one year prior to the study and were clinically stable,
with no changes in the Systemic Lupus Erythematosus Disease Activity Index 2000
(SLEDAI-2K) (Gladman, Ibafiez, & Urowitz, 2002) and/or medical treatment over the
six months just prior to the study. We considered as exclusion criteria patients with serum
creatinine > 1.5 mg/dl, chronic renal failure, cerebrovascular disease, recent infections,
major trauma or surgery in the six previous months, pregnancy and/or other chronic

and/or autoimmune systemic conditions not related with the main disease.

Clinical disease activity

SLEDAI and SDI assessment
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The activity of the disease was assessed with the Systemic Lupus Erythematosus
Disease Activity Index 2000 (SLEDAI-2K) (Gladman et al., 2002). SLE Disease Activity
Index (SLEDAI) is a list of 24 items, 16 of which are clinical items and eight are
laboratory results. These items are scored based on whether these manifestations are
present or absent in the previous 10 days. The total score of SLEDAI-2 K is the sum of
all 24 descriptor scores and falls between 0 and 105 and a score of 6 is considered
clinically important. SLEDAI-2K is a modification of SLEDAI that allows the
documentation of ongoing disease activity in some clinical items as skin rash, alopecia,
mucosal ulcers and proteinuria as opposed to only new occurrence as defined in the

original SLEDAI (Gladman et al., 2002). Meaningful improvement is best defined as a

reduction in SLEDAI-2 K of 4 (Mikdashi & Nived, 2015).

Disease-related organ damage was assessed by using the SLICC/ACR (SDI)
damage index (Gladman et al., 1996). This instrument has been developed to assess
irreversible damage in SLE patients, independently of its cause (Griffiths, Mosca, &
Gordon, 2005). The maximum possible score is 47. The SDI damage score gradually
increases over time and patients with higher damage scores early in the course of disease
have been associated with poor prognosis and increased mortality (Isenberg & Ramsey-

Goldman, 1999).

Assay of anti-dsDNA and complement levels

Anti-dsDNA titres were measured using a commercially available BioPlex 2200
System (Bio-Rad, Hercules, CA, USA), which is an automated analyser that detects
antibodies to several antigens in one tube. Results are expressed in IU/mL and the cut-off

values established by the manufacturer are 5-9 IU/mL (indeterminate) and > 10 [U/mL
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(positive). Human complement components C3 and C4 were determined quantitatively in
serum samples by immunoturbidimetric assay (Beckman Coulter AU System CRP Latex

reagent) in a Beckman Coulter analyser (AU5800 Analyzer, Beckman Coulter, CA,

USA). Normal ranges are as follows: 90—180 mg/dL for C3 and 10-40 mg/dL for C4.

Cardiovascular risk factors

Comorbidities

The presence of type II Diabetes, hypertension and/or dyslipidaemias were
considered cardiovascular risk factors. Diabetes mellitus diagnosis was defined by the
clinician for those patients with a fasting blood glucose level of >126 mg/dL or those that
required drug therapy. Patients were regarded as having hypertension when the blood
pressure was >140/90mmHg as previously diagnosed by the clinician or when
antihypertensive therapy was initiated. Dyslipidaemia was considered when blood lipid
parameters were out of the suggested range (LDL-C >140 mg/dL, HDL-C<40 mg/dL,
TGs > 150 mg/dL) in at least two determinations or for those patients with previously
diagnosed with dyslipidaemia and receiving statins (Teramoto et al., 2013). Written
informed consent was obtained from each participant and the study was approved by local

ethics committees and conducted in accordance with the Declaration of Helsinki.

Blood lipid profile and hs-CRP/Hcy determination

Venous blood samples were collected between 07:30 and 10:00 following an
overnight fast and then centrifuged for 15 min to obtain serum. The serum was analysed
immediately by standard laboratory methods to obtain the biochemical variables used as
cardiovascular risk factors in the present study: total cholesterol (TC), low-density

lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
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triglycerides (TQG), high-sensitivity C-reactive protein (hs-CRP) and homocysteine (Hcy)

serum levels.

Atherogenic index of plasma (AIP), which is a strong marker for predicting the
risk of atherosclerosis and coronary heart disease, was calculated according to the formula
log(TG/HDL-C) (Dobiasova & Frohlich, 2001; Khazaal, 2013). An AIP value of under
0.11 is associated with a low risk of CVD; a value of between 0.11 and 0.21 is associated
with a medium risk; while an AIP above 0.21 is considered as a high risk of CVD

(Dobiasova, 2006; Niroumand et al., 2015).

Immunoturbidimetric assays (Beckman Coulter AU System CRP Latex reagent)
were used to determine hs-CRP levels in a Beckman Coulter analyser (AU5800 Analyzer,
Beckman Coulter, CA, USA). The highly sensitive technique was used to measure hs-
CRP ranges of between 0.2-80 mg/L. According to the American Heart Association
guidelines for assessment of cardiovascular risk, we established two categories for hs-
CRP levels considering a cut-off point of 3: < 3.0 mg/L low to normal/average risk and

> 3.0 for those subjects with a high risk of cardiovascular disease (Pearson et al., 2003).

Hcy serum levels were measured with an enzymatic colorimetric assay using the
Axis-Shield Liquid Stable (LS) 2-Part Homocysteine Reagent (Axis-Shield Diagnostics
Ltd, Dundee, UK) in a Beckman Coulter analyser (AU680, Beckman Coulter, CA, USA).
This method measures Hcy levels ranging between 2—44 pmol/L. Normal laboratory
reference levels range between 5 and 15 pumol/L; however, recommendations for ideal
levels are values of < 10 umol/L in subjects with an increased risk of CVD such as SLE

patients (Malinow, Bostom, & Krauss, 1999).
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Ankle—brachial index (ABI)

The ankle—brachial index (ABI), a validated and effective tool recognized as a
prognostic factor for cardiovascular events and all-cause mortality was determined to
assess subclinical atherosclerosis (Aboyans et al., 2012). ABI measurement was
performed according to American Heart Association (AHA) suggestions (Aboyans et al.,
2012). Systolic blood pressures (SBPs) were measured by the same researcher according
to the Doppler sound and the reading shown on the sphygmomanometer dial at the ankle
level and in the brachial arteries on both arms and legs, using a manual
sphygmomanometer (Riester 1312 minimus® II. Jungingen, Germany) and a portable
vascular Doppler (Hadeco Minidop ES-100VX. Kawasaki, Japan). Considering the AHA
criteria and according to the lowest ABI value, patients are classified as: normal (ABI
1.00 to 1.40 ); positive for peripheral artery disease (PAD) (ABI <0.9); “borderline” for
PAD (ABI 0.91 - 0.99); and calcinosis (non-compressible arteries; ABI >1.40) (Rooke et

al.,, 2011).

Statistical Analysis

SPSS® Statistics version 21.0 (SPSS, Chicago, IL, USA) was used for all
analyses. Continuous variables were presented as mean (M) + standard deviation (SD)
and categorical variables as frequencies and percentages (n and %). The Kolmogorov—
Smirnov test was used to verify data distribution normality. The Kolmogorov—Smirnov
normality test was conducted before association analysis. Data were expressed as mean
+ standard deviation or median (interquartile range) for continuous variables and as
frequencies for categorical variables. Due to their skewed distribution, the following

variables were log-transformed before regression and ANOVA analyses: SLE duration,
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SLEDAI and SDI score, anti-dsDNA titers, complement C3 and C4, corticoid dose, hs-
CRP, Hey and AIP. To aid interpretation, data were back-transformed from the log scale
for presentation in the results. We used linear regression analyses to examine the
relationship between the different variables (clinical disease activity and cardiovascular
risk factors) and between hs-CRP and Hcy serum levels. The results are reported as
percentage change (B) with 95% confidence intervals (95% CI). To analyse the
correlation between cardiovascular risk factors and clinical disease activity with hs-CRP
classification ranges (< 3.0 mg/L and > 3.0) we used a one-way ANOVA analysis for
both continuous and categorical variables. Age, sex and medical treatment (prescription
for immunosuppressants, antimalarials, corticosteroids, antihypertensives and/or statins)

were considered confounding factors and adjusted in the prior analysis. p values of < 0.05

were statistically significant.

RESULTS

The main characteristics of the study group are shown in Table 1. Most patients
enrolled in the study were females (90.6%) and the mean age of the population was 45.27,
SD= 13.18 years. The mean time since diagnosis with SLE was 9.52 (1 —37). According
to their medical records, 78.4% of patients were taking antimalarials, 39 %
immunosuppressants, 40.3% corticosteroids (dose, M= 2.66 mg), and 25.9% statins. Most
of the patients presented low to moderate disease activity (SLEDAI M= 3.37) and a low

damage index (SDI, M= 1.19).

The mean hs-CRP serum levels (3.06 mg/L) of the study population corresponded

to a high risk of CVD according to AHA criteria (Pearson et al., 2003). The mean Hcy
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serum levels (14.49 pmol/L) were > 12 umol/L, a value considered as a predictor of

atherosclerosis in SLE (McMahon et al., 2014).

Based on the body mass index (BMI) classification, 45.7% of patients were of
normal weight but a slight majority were either overweight (31.9%) or obese (21.0%).
The mean BMI (M=26.26, SD=5.50 kg/m?) of the study population also exceeded

indications for healthy weights.

The relationship between hs-CRP and Hcy across SLE clinical disease activity
markers is shown in Table 2. The linear regression analysis revealed significant
correlations between SLEDAI, SDI and anti-dsDNA titres with hs-CRP serum levels after
adjusting for age, sex, and medical treatment (p=0.036, p= 0.001, p= 0.034,
respectively). Nevertheless, no significant correlation was observed between Hey and any

of the clinical disease activity markers analysed.

Table 3 shows the cardiovascular risk markers for the study participants
according to hs-CRP and Hcy serum levels. After adjusting for confounding factors, the
linear regression analysis revealed a significant correlation between both hs-CRP and Hey
and TG serum levels (p=0.032 and p=0.000, respectively), the TG/HDL-C index
(p=0.020 and p = 0.001, respectively) and the atherogenic index of plasma (p = 0.006
and p =0.016, respectively). In addition, Hcy showed a significant correlation with
TC/HDL-C (p =0.034) and hs-CRP with diabetes, obesity and higher BMI values
(p=0.005, p=10.027, p=0.009 respectively). No significant correlations were found

between either hs-CRP or Hey with ABI in any of the analyses performed.
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We also performed an analysis of the SLE disease activity and cardiovascular risk
factors, classifying patients into two groups according to their hs-CRP serum levels
(Table 4). A significant correlation was identified between hs-CRP levels of over 3.0
mg/L and SDI score (p =0.012), smoking (p = 0.024), BMI (p = 0.005), dyslipidaemia
(p =0.027), obesity (p=0.029) and several blood lipid parameters including TG
(p = 0.02) and HDL-C (p = 0.049). The ratio of total cholesterol and triglycerides to HDL
cholesterol (TC/HDL-C, TG/HDL-C) and the AIP were significantly higher in patients
with hs-CRP >3 mg/L than those in the <3 mg/L category (p = 0.039, p =0.003 and
p = 0.001, respectively). No correlations were observed for SLE disease activity/damage

accrual and cardiovascular risk factors when Hcy was analysed as a dichotomic variable

(<12 or > 12 pmol/litre) (data not published).

DISCUSSION

The present study assesses the relationships between hs-CRP and Hcy serum
levels, two relevant inflammation biomarkers, and clinical disease activity, damage
accrual and cardiovascular risk factors in a European population of SLE patients. Our
findings show that hs-CRP levels, but not Hey, correlated significantly with SLE activity
measured through the SLEDAI and anti-dsDNA titres and with damage score, which was
estimated by SDI. Furthermore, both hs-CRP and Hcy levels correlated significantly with

several cardiovascular risk factors in lupus patients.

Our results agree with previous studies that revealed a correlation between hs-
CRP and SLE activity. A recent study conducted in an Asian population showed that hs-

CRP correlated with SLEDAI (Mok et al., 2013). Additionally, Lee et al. showed that hs-
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CRP correlates significantly with anti-dsDNA antibodies and SDI score, and that this
association holds true regardless of sociodemographic factors, disease activity and
medical treatment (Lee et al., 2008). In the same vein, a prospective study investigating
SLE in a multiethnic US cohort reported that hs-CRP correlated with lupus activity and
several domains of the damage index (Bertoli et al., 2008). A longitudinal study revealed
the significant impact of total disease activity on the onset of damage in SLE patients
measured over a 5 year period (Stoll, Sutcliffe, Mach, Klaghofer, & Isenberg, 2004).
Thus, considering the suggestion that damage accrual in cases of SLE is influenced and
predicted by lupus activity over time (Lee et al., 2008; Stoll et al., 2004), it could be

hypothesised that the above evidence is indicative of an association between hs-CRP and

damage in our patients primarily because hs-CRP levels reflect lupus activity.

Regarding the relationship between hs-CRP and cardiovascular risk factors, our
data revealed a correlation between this biomarker and lipid profile alterations, diabetes,
obesity and BMI. These results concur with previous studies (Barnes et al., 2005; Mok et
al., 2013; Stoll et al., 2004). Another interesting finding is that TG serum levels,
TG/HDL-C ratio and AIP were significantly correlated with hs-CRP. Likewise, hs-CRP
> 3.0 mg/L correlated with higher TG, lower HDL-C and worse TC/HDL-C, TG/HDL-C
and AIP ratios. Similarly, Mok et al. found that AIP, and both TC/HDL-C and TG/HDL-
C ratios were significantly higher in patients with hs-CRP >3 mg/L than those with
<3 mg/L and that hs-CRP > 3.0 mg/L correlated with chronic smoking and diabetes
mellitus (Mok et al., 2013). Additionally, obesity has been independently correlated with
inflammation markers, including CRP, in patients with lupus (Oeser, Chung, Asanuma,
Avalos, & Stein, 2005). Thus, maintaining a healthy weight may be a strategy to consider

to help reduce inflammation and CVD risk among SLE patients.
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On the other hand, the mean Hcy levels in our study (14.1 pmol/L) were at the
upper limit of the normal range according to the AHA advisory statement (Malinow et
al., 1999). This is in line with previous results where SLE patients had high Hey levels
(Bonciani et al., 2016; Lertratanakul et al., 2014; Martinez-Berriotxoa et al., 2003;
McMahon et al., 2014; Sabio et al., 2014). Interestingly, we also found that Hey levels
correlated significantly with total TG serum levels, both TC/HDL-C and TG/HDL-C
ratios and the AIP index. In this context, previous studies have reported similar findings
in adult populations where there was a positive relationship between Hcy serum levels
and blood lipid alterations in SLE patients (Martinez-Berriotxoa et al., 2003; McMahon
et al., 2014; Sabio et al., 2014). Similarly, higher Hcy levels have been independently
linked to higher TG levels (Ardoin et al., 2010) and dyslipidaemia in paediatric and
juvenile SLE groups (Ortiz et al., 2013). It has been reported that Hcy plays an important
role in hepatic oxidative stress and the production of thiolactone, which may influence
lipoprotein levels (Jakubowski & Glowacki, 2011; Lentz, 2005) by stimulating
cholesterol production (Lynn. et al., 1998). This mechanism could explain the

relationship observed between Hey and a worse lipid profile.

Our findings, along with the abovementioned studies, suggest that SLE patients
with elevated hs-CRP and/or Hey levels present a higher prevalence/presence of CVD
risk factors. Therefore, it would be of interest to promote strategies for controlling
modifiable CVD risk factors, including weight control and the adoption of healthy
lifestyle habits to improve blood lipid profile and reduce the inflammatory environment

in SLE patients.
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Additionally, we did not find any correlation between Hcy and both SLEDAI and
SDI, which suggests that Hcy might not be a predictor of disease activity and damage
accrual in SLE patients. To date, only one study similar to ours has found a significant
correlation between Hey levels and disease activity in a population of just 16 SLE patients
(Bonciani et al., 2016). Besides the study’s small sample size, it is important to highlight
the differences in SLEDAI scores between our SLE patients (SLEDAI M= 3.37) and the
mentioned study (SLEDAI M=10.5), which may explain the contrasting results. Another
study performed in paediatric SLE patients (age, M= 15.7 years) found that Hey levels
correlated with SLEDAI score, but also with age (Oeser et al., 2005), which could explain
the differences compared to our results, since our population featured adult SLE patients.
Considering the current controversy and limited evidence regarding the potential

associations between Hcy levels, SLEDAI and SDI, further studies are required to

investigate the role of Hey in lupus activity and damage accrual.

Limitations

The present study has some potential limitations. Firstly, due to its cross-sectional
design, no causal conclusions can be drawn. Longitudinal studies that gathered data
across a prolonged period of time are therefore necessary to confirm the relationships
between hsCRP and Hcy serum levels and SLE activity, cardiovascular risk factors and
even more with damage accrual, which is better interpreted through time. Besides, it has
been reported that anti-dsDNA is not the “most important” autoantibody in SLE, because
it may have limited value in clinical correlation with the disease, so, anti-dsDNA must be
considered one more of the many antibodies in SLE (Fu, Dai, Zhao, & Gaskin, 2015).
Despite we found correlation between anti-dsDNA and hs-CRP but no with Hcy serum

levels, future studies may be necessary to confirm our results. In contrast, the main
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Is\ife\;étsl‘; of this study is that it is the first to assess the relationship between both hs-CRP
and Hcy serum levels and disease activity, damage and cardiovascular risk factors in a
European SLE population. Secondly, our study comprised a well-characterised cohort of

lupus population, as we chose early-stage SLE patients and excluded those with lupus

flare-ups or other associated autoimmune conditions.

We also used a high-sensitivity assay to assess CRP values. Finally, it should be
noted that we have considered several medical treatments (statins, immunosuppressants,
corticosteroids and antihypertensives) as confounding factors to be considered in the
statistical models. Thus, our study provides preliminary data which could be strengthened
by future research in the field in order to provide new health care strategies for reducing
the risk of CVD and complications in SLE patients. Nurses are involved in the
implementation of preventive programs and their role in would help improve the SLE

prognosis and cardiovascular risk in SLE patients.

In summary, hs-CRP serum levels, but not Hcy, serum levels correlate
significantly with SDI, SLEDAI and anti-dsDNA antibodies. Furthermore, both hs-CRP
and Hcy correlated with a worse lipid profile but only hs-CRP correlated with smoking,
diabetes mellitus, dyslipidaemia and obesity. Further studies are necessary to investigate
the role of hs-CRP and Hcy as predictors of SLE prognosis and cardiovascular risk in
order to develop and handle both early preventive strategies and in-course medical and

nursing advice for reducing complications in SLE patients.
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Table 1. Main characteristics of the patients included in the study.

Characteristics (n=139) Frequency n (%)
Female 126 (90.6)
Male 13 (94)
Smoking 30 (21.6)
Hypertension 39 (28.1)
Dyslipidemia 59 (42.4)
Diabetes 9 (6.5)
Obesity (BMI >30 kg/m?) 29 (21)
Statin use 36 (25.9)
Antimalarial use 109 (78.4)
Inmmunosuppresor use 54 (38.8)
Antihypertensive use 13 (9.4)
Corticoid use 56 (40.3)
Mean = SD
Age (years) 4527+ 13.18
SLE duration (years) 9.52 (1-37)*
SLEDAI score 3.37(0-12)
SDI score 1.19 (0 -9)*
Anti-dsDNA titer (IU/mL) 21.28 (0-374.8)
Complement C3 level (mg/dL) 105.88 (37.1 - 186.5)*
Complement C4 level (mg/dL) 21.05 (0.8 -217)*
Corticoid dose (mg) 2.66 (0 - 70)
hsCRP (mg/L) 3.06 (0.04 —24.10)*
Hey (umol/L) 14.49 (5.90 — 113)*
BMI (kg/m?) 26.26 + 5.50
ABI 1.034 £ 0.131
TC (mg/dL) 183.46 +35.96
TG (mg/dL) 97.86 +47.65
HDL-C (mg/dL) 60.56 + 15.92
LDL-C (mg/dL) 103.29 +£33.23
LDL/HDL-C 1.82+0.75
TC/HDL-C 3.18+0.89
TG/HDL-C 1.80+1.20
AIP 0.41 (-0.85 -2.04)*

SLEDAI = systemic lupus erythematosus disease activity index; SDI = damage index for systemic lupus
erythematosus. Obesity = BMI >30 kg/m?. BMI = body mass index; ABI= ankle brachial index; LDL =
low density lipoprotein; HDL = high density lipoprotein; TC = total cholesterol; TG = triglycerides; AIP
(Atherogenic index of plasma) = Log (triglyceride/HDL-cholesterol).

“Data are expressed as mean and standard deviation.
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Table 2. Disease activity according to C-reactive protein and homocysteine levels.

24

Clinical disease

hsCRP continuous

Hcy continuous

activity
B t p value B t p value
SLEDAI score 0.176 2.11 0.036* -0.071 -0.55 0.586
SDI score 0.255 3.25 0.001*  -0.109 -0.83 0.411
Anti-dsDNA titer 0.182 2.14 0.034*  -0.061 -0.43 0.692
Complement C3 level  0.021 0.25 0.804 0.248 1.92 0.060
Complement C4 level  -0.092 -1.05  0.297 0.208 1.53 0.131

SLEDAI = systemic lupus erythematosus disease activity index; SDI = damage index for systemic lupus

erythematosus.

All variables were normalized by log-transformation prior to the linear regression analysis.

Beta is the standardized regression coefficient in the linear regression models

p values adjusted for age, sex and medical treatment: use of immunosuppressors (mycophenolate mofetil, azathioprine,

methotrexate), antimalarials, antihypertensive, statins and corticoid dose.
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Table 3. Cardiovascular risk factors according to C-reactive protein and homocysteine
levels.

Cardiovacular hsCRP continuous Hcy continuous

risk factors

Smoking
Hypertension
Dyslipidemia
Diabetes
Obesity (BMI
>30 kg/m?)
BMI

ABI

TC

TG

HDL-C
LDL-C
LDL/HDL-C
TC/HDL-C
TG/HDL-C
AIP

i) t p value 1] t p value
-0.152 -1.76 0.081 -0.107 -0.61 0.434
0.046 0.35 0.729 -0.148 -0.86 0.395
-0.080 -2.83 0.229 0.856 -0.18 0.856
-0.235 -1.21 0.005* 0.114 0.88 0.382
0.196 2.24 0.027* 0.199 1.41 0.164
0.237 2.67 0.009* 0.057 0.39 0.390
0.155 1.17 0.251 -0.106 -0.77 0.443
-0.030 -0.35 0.724 0.227 1.69 0.096
0.185 2.17 0.032* 0.499 4.08 0.000*
-0.129 -1.48 0.143 -0.131 -0.93 0.357
0.006 0.07 0.946 0.124 0.92 0.364
0.106 1.21 0.227 0.175 1.28 0.206
0.132 1.5 0.137 0.298 2.17 0.034*
0.206 2.35 0.020* 0.465 3.6 0.001*
0.240 2.79 0.006* 0.339 2.49 0.016*

Obesity = BMI >30 kg/m?. BMI = body mass index; ABI= ankle brachial index; LDL = low density
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lipoprotein; HDL = high density lipoprotein; TC = total cholesterol; TG = triglycerides; AIP (Atherogenic
index of plasma) = Log (triglyceride/HDL-cholesterol).

AIP was normalized by log-transformation prior to the linear regression analysis.

Beta is the standardized regression coefficient in the linear regression models.

p values adjusted for age, sex and medical treatment: use of immunosuppressors (mycophenolate mofetil,
azathioprine, methotrexate), antimalarials, antihypertensive, statins and corticoid dose.
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Table 4. Clinical SLE disease activity and cardiovascular risk factors according to high

sensivity C-reactive protein (hs-CRP) classification ranges.

Clinical activity and hsCRP <3.0mg/L hsCRP >3.0mg/L p value
CVD risk factors (n=100) (n=39)

SLEDALI score 3.11+£2.73 3.95+3.09 0.206
SDI score 097+ 1.11 1.79+1.82 0.012*
Anti-dsDNA titer 15.89 +27.27 25.71 £42.05 0.087
(IU/mL)

C3 level (mg/dL) 105.48 +27.52 107.91 +28.76 0.712
C4 level (mg/dL) 21.41+21.91 20.52 +19.13 0.718
Smoking n (%) 18 (18) 12 (31.57) 0.024*
Hypertension n (%) 26 (26) 13 (34.2) 0.712
Dyslipidemia n (%) 36 (36) 23 (60.53) 0.027*
Diabetes n (%) 4 (4) 5(13.15) 0.138
Obesity n (%) 16 (16) 13 (34.21) 0.029*
BMI (kg/m?) 25.43 £4.67 28.58 +6.8 0.005*
ABI 1.04 £0.121 1.01 +£0.162 0.338
TC (mg/dL) 183.32 +34.79 184.59 +39.56 0.843
TG (mg/dL) 88.87 £40.19 122.49 +57.14 0.002*
HDL-C (mg/dL) 62.12+16.34 56.78 +14.32 0.049*
LDL-C (mg/dL) 103.69 +31.90 103.43 +36.66 0.859
LDL/HDL-C 1.77+0.73 1.93+£0.82 0.166
TC/HDL-C 3.09 +0.83 3.41+0.99 0.039*
TG/HDL-C 1.58 £1.08 235+1.33 0.003*
Atherogenic index 0.306 +0.515 0.702 +0.57 0.001*

SLEDAI = systemic lupus erythematosus disease activity index; SDI = damage index for systemic lupus
erythematosus. Obesity = BMI >30 kg/m?. BMI = body mass index; ABI= ankle brachial index; LDL =
low density lipoprotein; HDL = high density lipoprotein; TC = total cholesterol; TG = triglycerides; AIP
(Atherogenic index of plasma) = Log (triglyceride/HDL-cholesterol).

Values are means + standard deviation (SD)

p values for the inference tests based on the analysis of the log-transformed data.

p values adjusted for age, sex and medical treatment: use of immunosuppressors (mycophenolate mofetil, azathioprine,

methotrexate), antimalarials, antihypertensive, statins and corticoid dose.
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Abstract: The prognostic nutritional index (PNI), controlling nutritional status (CONUT) score and
nutritional risk index (NRI) have been described as useful screening tools for patient prognosis in
several diseases. The aim of this study was to examine the relationship between PNI, CONUT and
NRI with clinical disease activity and damage in 173 patients with systemic lupus erythematous (SLE).
Disease activity was assessed with the SLE disease activity index (SLEDAI-2K), and disease-related
organ damage was assessed using the SLICC/ACR damage index (SDI) damage index. PNI and NRI
were significantly lower in active SLE patients than in inactive SLE patients (p < 0.001 and p = 0.012,
respectively). PNI was inversely correlated with the SLEDAI score (p < 0.001) and NRI positively
correlated with SLEDAI and SDI scores (p = 0.027 and p < 0.001). Linear regression analysis adjusting
for age, sex and medications showed that PNI was inversely correlated with SLEDAI (3 (95% CI) =
—0.176 (—0.254, —0.098), p < 0.001) and NRI positively correlated with SLEDAI (3 (95% CI) = 0.056
(0.019, 0.093), p = 0.003) and SDI (3 (95% CI) = 0.047 (0.031, 0.063), p < 0.001). PNI (odds ratio (OR)
0.884, 95% confidence interval (CI) 0.809-0.967, p = 0.007) and NRI ((OR) 1.067, 95% CI 1.028-1.108,
p = 0.001) were independent predictors of active SLE. These findings suggest that PNI and NRI may
be useful markers to identify active SLE in clinical practice.

Keywords: prognostic nutritional index; controlling nutritional status; nutritional risk index; systemic
lupus erythematosus; lupus disease activity; lupus damage

Nutrients 2019, 11, 638; doi:10.3390/nu11030638 www.mdpi.com/journal/nutrients
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1. Introduction

Systemic lupus erythematosus (SLE) is a heterogeneous, chronic, inflammatory autoimmune
disease that involves multiple organ systems and displays a variable clinical score [1]. The precise
aetiology mechanisms are unknown, but SLE seems to be the result of the interaction between genetic,
hormonal, environmental and immune abnormalities [2]. The heterogeneity of clinical manifestations
of SLE complicate the management of these patients in clinical practice. Therefore, there is still a need
for novel, clinically useful and easily assessed biomarkers that can identify SLE disease activity.

Nutritional status has been widely correlated with immunity, where undernutrition is associated
with immunosuppression and increased susceptibility to infection, whereas overnutrition and/or
overeating is associated with low-grade chronic inflammation increasing the risk and affecting the
prognosis in metabolic, cardiovascular and autoimmune diseases [3]. In general, SLE patients
are undergoing multiple medical treatments, and can go through chronic fatigue, depression
and the presence of comorbidities which lead to changes in appetite and an increased risk of
malnutrition [4]. Serum albumin is a well-known negative acute-phase protein whose levels decrease
during inflammation and malnutrition [5,6]. Inflammation may reduce albumin concentration by
decreasing its rate of synthesis, and it has also been associated with a greater fractional catabolic
rate [6]. Subnormal levels have commonly been reported in SLE patients [7,8] and serum albumin has
previously been established as a potential surrogate marker of SLE disease activity [8-10].

On the other hand, lymphopaenia is one of the most frequent clinical manifestations in SLE,
reported in up to 93% of patients [11]. Traditionally, and according to the American College of
Rheumatology (ACR), lymphopaenia only offers limited clinical usefulness as one of the haematologic
criteria for SLE classification [12]. However, previous studies have demonstrated that lymphopaenia
has a significant clinical value because it can be associated with disease activity and damage accrual in
SLE patients, proposing that lymphopaenia may be an expression of disease activity [13-15].

Some authors have reported that certain objective assessment indexes reflecting the immune-
nutritional status of patients, such as the prognostic nutritional index (PNI) [16], the controlling
nutritional status (CONUT) score [17], and the nutritional risk index (NRI) [18,19], which are calculated
using serum albumin level and lymphocyte count, represent useful screening tools for patient
prognosis in several diseases [20-25]. PNI was at first described as a simple and objective indicator of
postoperative outcomes in patients undergoing cancer surgery [16,26]. CONUT, which uses, besides
albumin concentration and lymphocyte count, total cholesterol (TC) concentration, was developed
as a screening tool for the early detection of undernutrition and poor nutritional status [17]. NRI,
developed at first for assessing patients with total parenteral nutrition, was found to be a sensitive
and specific predictor for identifying patients with a risk of complications after surgery [18] and later
adapted and validated in the geriatric population [19]. Interestingly, Ahn et al. [27] recently showed
that PNI correlated with SLE disease activity, claiming that PNI may provide an effective estimation of
SLE activity. However, to the best of our knowledge, there have been no studies into the significance
of other immune-nutritional indexes, including the CONUT score and NRI, in terms of predicting
disease activity and damage accrual in SLE patients.

Predicting active SLE using reliable markers is of particular interest when it comes to implementing
useful preventive strategies in clinical practice. Additionally, since PNI, CONUT and NRI scores can be
obtained from laboratory data using blood samples, clinicians would be able to objectively, simply and
continuously evaluate the immune-nutritional status of SLE patients. Considering previous evidence
suggests that markers of serum albumin level and lymphocyte count might be able to predict active
SLE and disease prognosis, we hypothesised that PNI, CONUT and NRI could represent convenient
and cost-effective biomarkers for predicting disease activity and damage accrual in lupus patients.
Therefore, the objective of this study was to assess nutritional status and risk through PNI, CONUT
and NRI according to SLE activity and the damage accrual of SLE.
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2. Materials and Methods

2.1. Study Population

A cross-sectional study was conducted among 173 subjects diagnosed with SLE attending
the Outpatient Clinic of the Systemic Autoimmune Diseases Unit across three public hospitals
in the Andalusian region of Spain from January 2016 to December 2018. All patients met the
SLE revised diagnostic criteria of the ACR or Systemic Lupus International Collaborating Clinics
(SLICC) classificatory criteria [28]. According to these, a person is classified as having lupus if he
or she has “lupus nephritis” (the presence of antinuclear antibodies or anti-double-stranded DNA
antibodies) or meets four criteria (with at least one criterion being clinical and at least one criterion
being immunological) from a series of clinical and analytical manifestations characteristic of the
disease [28]. The participants had been confirmed as suffering SLE at least one year prior to the
study and were clinically stable, with no changes in the systemic lupus erythematosus disease activity
index (SLEDAI) [29] and/or medical treatment over the six months immediately prior to the study.
We considered as exclusion criteria patients with cerebrovascular disease, stablished ischemic heart
diseases, serum creatinine > 1.5 mg/dL, active infections, major trauma or surgery in the previous six
months, pregnancy and/or other chronic and/or autoimmune systemic conditions (i.e., theumatoid
arthritis, cancer, multiple sclerosis, type 1 diabetes) not related with the main disease. Written informed
consent was obtained from each participant and the study was approved by local ethics committees
and conducted in accordance with the Declaration of Helsinki.

2.2. Clinical Disease Activity and Damage Accrual

The activity of the disease was assessed with the (SLEDAI-2K), a well-established and accepted
disease activity score [29]. SLEDALI is a list of 24 components, 16 of which are clinicals and eight are
laboratory results. These components are scored based on whether these manifestations are present or
absent in the previous 10 days. The total score of SLEDAI-2 K is the sum of all 24 descriptor scores
and falls between 0 and 105, and a score of 6 is considered clinically important. SLEDAI-2K is a
modification of SLEDATI that allows the documentation of ongoing disease activity in some clinical
components as skin rash, alopecia, mucosal ulcers and proteinuria as opposed to only new occurrences
as defined in the original SLEDAI [29]. Meaningful improvement is best defined as a reduction in
SLEDAI-2 K of 4 [30]. Active SLE was defined as a SLEDAI-2K value of > 5 [31].

Disease-related organ damage was assessed by using the SLICC/ACR damage index (SDI) [32].
This instrument has been developed to assess irreversible damage in SLE patients, independently of
its cause [33]. The maximum possible score is 47. The SDI damage score gradually increases over time,
and patients with higher damage scores early in the course of disease have been associated with poor
prognosis and increased mortality [34].

2.3. Laboratory Measurements

Venous blood samples were collected between 07:30 and 10:00 AM after an overnight fast and then
centrifuged for 15 min to obtain serum. The serum was analyzed immedjiately to obtain the biochemical
variables determined by standard laboratory methods. Anti-double stranded DNA (Anti-dsDNA)
antibodies were measured using a commercially available BioPlex 2200 System (Bio-Rad, Hercules,
CA, USA), which is an automated analyser that detects antibodies for several antigens in one tube.
Results are expressed in IU/mL, and the cut-off values established by the manufacturer are 5-9 IU/mL
(indeterminate) and > 10 IU/mL (positive). Human complement components C3 and C4 and high
sensitivity C-reactive protein (hsCRP) levels were determined quantitatively in serum samples by
immunoturbidimetric assay (Beckman Coulter AU System CRP Latex reagent) in a Beckman Coulter
analyser (AU5800 Analyzer, Beckman Coulter, CA, USA). Normal ranges are as follows: 90-180 mg/dL
for C3, 1040 mg/dL for C4 and 0.2-80 mg/L (1.9-761.9 nmol/L) for hsCRP. Laboratory testing in a
clinical routine including total cholesterol, serum albumin, lymphocyte count, white blood cell (WBC)
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count and platelet count was performed at Clinical Chemistry Laboratories at the San Cecilio Hospital
(Granada, Spain).

2.4. Calculation of PNI, CONUT and NRI Scores

PNI was calculated according to the following formula: 10 x serum albumin value (g/dL) + 0.005
x peripheral lymphocyte count (/ mm?) [26]. A higher PNI indicates a high risk of malnutrition [26].
The CONUT score is based on a calculation using the serum albumin level, total lymphocyte count
and total cholesterol level (range 0-12, higher = worse) [17]. In this scoring system, points are assigned
according to different ranges for the laboratory measures: serum albumin > 3.5 g/dL: 0 points; 3.49-3.0:
2 points; 2.99-2.5: 4 points; and < 2.5: 6 points; lymphocytes >1600/uL: 0 points; 1200-1599: 1 point;
800-1199: 2 points; and < 800: 3 points; and total cholesterol > 180 mg/dL: 0 points; 140-179: 1 point;
100-139: 2 points; and < 100: 3 points. The nutritional risk index (NRI) [18] was calculated as NRI =
(1.519 x serum albumin, g/dL) + (41.7 x weight (kg)/ideal body weight (IBW; kg)) [19]. Ideal body
weight was calculated using the Lorentz formulae; i.e., height (cm) — 100 — ((height (cm) — 150)/4)
for men and height (cm) — 100 — ((height (cm) — 150)/2.5) for women. Body mass index (BMI) was
calculated and classified according to the World Health Organisation (WHO) [35]. A lower NRI
indicates a higher risk of malnutrition [18].

2.5. Statistical Analysis

SPSS® Statistics version 21.0 (IBM, Chicago, IL, USA) was used for all analyses. Continuous
variables were reported as mean =+ standard deviation and categorical variables as frequencies and
percentages (n and %). The Kolmogorov-Smirnov test was used to verify data distribution normality.
The Kolmogorov—-Smirnov normality test was conducted before association analysis. Data were
distributed in two groups according to SLE activity (active SLE (SLEDAI > 5) and inactive SLE
(SLEDALI < 5)) based on the SLEDAI To compare the two groups, we used the Mann-Whitney U test
and Student’s t-test for continuous data and x? for categorical data. Data were expressed as mean =+
standard deviation or median (interquartile range) for continuous variables and as frequencies for
categorical variables. Due to their skewed distribution, the following variables were log-transformed
before analysis: anti-dsDNA titres, complement C3 and C4, WBC count, platelets count, hsCRP,
and SLEDAI and SDI scores. To aid interpretation, data were back-transformed from the log scale for
presentation in the results. Pearson’s correlation analysis was used to elucidate the correlation between
the immune-nutritional indexes and clinical disease variables. Linear regression analyses were used to
examine the relationships between SLEDAI and SDI scores, laboratory variables, and PNI, CONUT
and NRI scores. Age, sex and medical treatments—immunosuppressants (mycophenolate mofetil,
azathioprine, methotrexate), antimalarials and/or corticosteroids—were considered confounding
factors and adjusted for in the prior analysis. Logistic regression models were used to estimate odds
ratios for active SLE after adjusting for age, sex and medical treatment. The variance inflation factor
(VIF) was used to diagnose multicollinearity. p values of < 0.05 were taken as statistically significant.

3. Results

The main characteristics of the study subjects are shown in Table 1, for the full sample,
and stratified by active and inactive SLE based on the SLEDAI

A total of 41 patients (23.7%) were classified as having active SLE and 132 (76.3%) as having
inactive SLE. In 41 active SLE patients, eight (20.5%) had renal affectation or lupus nephritis,
22 (53.7%) had arthritis, 31 (75,6%) had oral ulcers, 34 (87.2%) had leuco-lymphopenia, six (14.6%) had
thrombocytopenia, five (12.12%) had neurological affectation and three (7.3%) had pericarditis (data not
shown). Most patients enrolled in the study were females (89%) and the mean age of the population was
46.6 £ 13.0 years. The mean time since SLE diagnosis was 8.52 (1-37) years. According to their medical
records, 83.7% of patients were taking antimalarials, 40.7% immunosuppressants, 43.6% corticosteroids
(mean dose 3.05 mg) and 25.9% statins. Significant differences in immunosuppressant and corticoid
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use were observed between patients with active and inactive SLE (p < 0.001 and p = 0.017, respectively).
We also found significant differences between patients with active and inactive SLE in weight, BMI,
serum albumin concentration, anti-dsDNA, complement C4 level and hsCRP. As expected, patients
with active SLE had significantly higher SLEDAI and SDI scores than patients with inactive SLE (7.00
+ 1.67 vs. 1.50 £ 1.55, p < 0.001 and 1.92 £ 1.27 vs. 0.85 £ 1.20, p < 0.001, respectively). Regarding
immuno-nutritional indexes, PNI and NRI were significantly lower in active SLE patients than in
inactive SLE patients (46.27 + 4.35 vs. 49.57 & 5.14, p < 0.001 and 61.04 £ 12.87 vs. 55.35 &+ 9.85,
p = 0.012, respectively).

Table 1. Descriptive characteristics of patients with active and inactive systemic lupus erythematous (SLE).

Characteristics Total (n =172) Active SLEP (n=41)  Inactive SLE® (1 =132)  p Value
Female 154 (89.0) 39 (95.1) 115 (87.1) 0.152
Age (years) 46.6 + 13.07 44.05 + 12.37 4741 +£13.22 0.140
Height (m) 1.61 + 0.08 1.59 + 0.07 1.61 + 0.08 0.255
Weight (kg) 68.06 £ 15.79 73.19 £18.74 66.46 + 14.47 0.039
BMI (kg/mz) 26.03 £ 5.81 28.54 £ 6.90 2533 £5.29 0.016
Antimalarial use 144 (83.7) 35 (87.5) 109 (82.6) 0.460
Immunosuppressor  use 70 (40.7) 26 (65.0) 44 (33.3) <0.001
Corticoid use 75 (43.6) 24 (60.0) 51 (38.6) 0.017
Total cholesterol (mg/dL) 181.6 + 39.6 178.9 + 34.7 182.4 +41.1 0.582
Albumin (g/dL) 4.0+03 3.8+03 41+03 <0.001
Lymphocyte count (uL) 1576.3 + 682.3 1465.0 + 516.7 1610.8 + 724.3 0.158
Anti-dsDNA (IU/mL) 18.9 (0-300.0) 35.2 (0-174.0) 13.7 (0-300.0) 0.011
Complement C3 level (mg/dL)  107.1 (11.7-199.0) 102.1 (37.1-99.0) 108.7 (11.7-195.0) 0.254
Complement C4 level (mg/dL) 215 (0.8-114.4) 17.1 (0.8-45.2) 229 (3.7-114.4) 0.003
WBC count (x 1000/ L) 5.7 (0-4.7) 55 (3.4-11.9) 5.7 (0-14.7) 0.436
Platelet count (x 1000/ (uL) 222.3 (0.2-502.0) 238.2 (95.0-502.0) 217.3 (0.2-385.0) 0.175
hsCRP (mg/dL) 3.69 (0.20-24.10) 5.46 (0.20-24.10) 3.14 (0.20-19.50) 0.022
SLEDAI score 2.8 (0-12) 70+ 1.6 1.5+15 <0.001
SDI score 1.1 (0-9) 19+12 08+12 <0.001
PNI 487 +5.1 462 +43 495+5.1 <0.001
CONUT 1.7 £15 19+14 1.6 £15 0.283
NRI 56.7 +10.8 61.0 +12.8 553 +9.8 0.012

@ Immunosuppressor: mycophenolate mofetil, azathioprine or methotrexate. b Active SLE (SLEDAI > 5); Inactive
SLE (SLEDAI < 5). Mann-Whitney U test and Student’s t-test for continuous data and x? for categorical data were
used to compare between groups. BMI, body mass index; Anti-dsDNA, Anti-double stranded DNA antibodies;
WBC, white blood cells; hs-CRP, high-sensitivity C-reactive protein; SLEDALI, systemic lupus erythematosus disease
activity index; SDI, damage index for systemic lupus erythematosus; PNI, prognostic nutritional index; CONUT,
controlling nutritional status; NRI, nutritional risk index.

Pearson’s correlation analysis revealed that PNI was negatively correlated with the SLEDAI score
(p < 0.001) and NRI positively correlated with SLEDAI and SDI scores (p = 0.027 and p < 0.001). Also,
hsCRP was positively correlated with SLEDAI and SDI scores (p = 0.004 and p < 0.001, respectively)
(data not shown).

This was also observed in linear regression analysis where hsCRP was significantly correlated
with SLEDAI and SDI scores after adjusting for age, sex and medical treatment (Table 2). Anti-dsDNA
and complement C3 were correlated with SDI while complement C4 and WBC count were only
correlated with SLEDAI after adjustments for covariates. PNI was inversely correlated with SLEDAI
[B (95% CI) = —0.176 (—0.254, —0.098), p < 0.001] and NRI positively correlated with SLEDAI (3 (95%
CI) = 0.056 (0.019, 0.093), p = 0.003) and SDI scores (3 (95% CI) = 0.047(0.031, 0.063), p < 0.001).

Logistic regression analysis revealed that hsCRP (odds ratio (OR) 1.104, 95% CI 1.017-1.198,
p = 0.018), complement C4 (OR 0.959, 95% CI 0.920-0.999, p = 0.046), PNI (OR 0.884, 95% CI 0.809-0.967,
p =0.007) and NRI (OR 1.067, 95% CI 1.028-1.108, p = 0.001) were independent predictors of active SLE
after adjusting for age, sex and medical treatment (Table 3).
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Table 2. Linear regression analysis between clinical disease activity variables and immuno-nutritional
indexes and SLEDAI and SDI scores.

SLEDAI Score SDI Score

B 95% CI p Value B 95% CI p Value

hsCRP (mg/dL) 0.116 0.023, 0.209 0.015 0.083 0.041, 0.124 <0.001
Anti-dsDNA (IU/mL) —1.201 —2.467, 0.065 0.063 —-0.712  —1.302, —0.121 0.018
Complement C3 level (mg/dL)  —0.008 —0.023, 0.006 0.264 0.010 0.004, 0.017 0.002
Complement C4 level (mg/dL) —0.039  —0.070, —0.007 0.017 0.009 —0.015, 0.015 0.963
WBC count (pL) —0.197  —0.394, —0.001 0.049 0.036 —0.055,0.128 0.432
Platelet count (x1000/(uL) 0.000 —0.006, 0.005 0.981 —0.001 —0.004, 0.001 0.241
PNI —0.176  —0.254, —0.098 <0.001 —0.020 —0.058, 0.018 0.307
CONUT 0.168 —0.100, 0.436 0.218 0.013 0.111, 0.137 0.834

NRI 0.056 0.019, 0.093 0.003 0.047 0.031, 0.063 <0.001

Adjusted for age, sex and medical treatment (immunosuppressants, antimalarials and /or corticosteroids). hs-CRP,
high-sensitivity C-reactive protein; Anti-dsDNA, anti-double stranded DNA antibodies; WBC, white blood cells;
PNI, prognostic nutritional index; CONUT, controlling nutritional status; NRI, nutritional risk index.

Table 3. Logistic regression analysis of clinical disease activity variables and immuno-nutritional
indexes in patients with active and inactive SLE.

Odds Ratio 95% CI p Value
hsCRP (mg/dL) 1.104 1.017,1.198 0.018
Anti-dsDNA (IU/mL) 0.394 0.134,1.155 0.090
Complement C3 level (mg/dL) 0.999 0.9826 1.013 0.933
Complement C4 level (mg/dL) 0.959 0.920, 0.999 0.046
WBC count (uL) 0.943 0.785,1.134 0.535
Platelet count (x1000/(uL) 1.002 0.997,1.008 0.350
PNI 0.884 0.809, 0.967 0.007
CONUT 1.106 0.867,1.412 0.418
NRI 1.067 1.028,1.108 0.001

Adjusted for age, sex and medical treatment (immunosuppressants, antimalarials and/or corticosteroids). hs-CRP,
high-sensitivity C-reactive protein; WBC, white blood cells; PNI, prognostic nutritional index; CONUT, controlling
nutritional status; NRI, nutritional risk index.

4. Discussion

Our study demonstrates that patients with active SLE had lower values of PNI and NRI than
those with active SLE. More importantly, we identified a relationship between NRI and damage accrual
measured by SDI, and both PNI and NRI correlated with disease activity measured by SLEDAI in SLE
patients. In addition, we found that PNI and NRI were independent predictors of active SLE.

As far as we are aware, only one study has investigated the association of PNI with disease activity
in SLE [27]. Our findings agree with those reported by Ahn et al., where PNI was an independent
predictor of active SLE in a population of Korean patients [27]. Thus, the present study considered
together with previous work suggests that PNI may be a useful index for the evaluation of disease
activity in lupus patients. However, the relationship between other well-known immuno-nutritional
indexes, such as the CONUT score and NRI, and clinical disease activity have not been investigated
previously in SLE. Both PNI and NRI are estimated based on serum albumin levels and lymphocyte
count. Previous studies have investigated these two parameters independently to evaluate their
relationship with SLE activity. Serum albumin, a readily-available, routine measurement in SLE,
has shown a negative association with disease activity in lupus patients [8-10]. Recently, Idborg
et al. proposed the use of plasma albumin as a potential biomarker of disease activity in SLE [8],
while Yip et al. showed that higher SLEDAI scores correlated with lower serum albumin levels in
a large population of patients [9]. This may be explained by the fact that reduced albumin levels in
active patients are secondary to kidney damage [36]. Additionally, the acute-phase response may
affect albumin concentrations [37]. In the same vein, lymphopaenia is a well-known manifestation in
SLE [11]. Previous publications have demonstrated that lymphopaenia correlated with SLE disease
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activity [13-15]. In a multi-ethnic study, Vild et al. reported that lymphopaenia is associated with
higher disease activity and damage accrual [13], and in a prospective study, after one year of follow-up,
the SLEDAI score was shown to be predicted by lymphopaenia [14]. Similarly, lymphopaenia was
related to disease activity and organ damage in a paediatric population with SLE [15].

Thus, taking our findings into account along with the above-mentioned studies, we can conclude
that PNI and NRI, calculated using both serum albumin and lymphocyte count, might be useful
in clinical practice as straightforward, inexpensive biomarkers for monitoring disease activity in
SLE patients.

There were potential limitations to this study. Firstly, due to its cross-sectional design, we cannot
draw any causal conclusions. Longitudinal studies are required to evaluate how PNI and NRI influence
disease activity and damage accrual in lupus patients. Secondly, although this study was conducted in
a well-characterised lupus population, with the inclusion of low-stage disease patients and exclusion
of patients with other clinical conditions, given it is impossible to discontinue treatment strategies
for a period prior to sampling, it can be argued that lymphopaenia or altered serum albumin levels
could be caused by immunosuppressive agents rather than lupus. However, this does not seem to
be a determining factor in this study as our results remained significant after adjusting for medical
treatment. Also, since we only included European Caucasian patients, these findings cannot be
generalised to other ethnicities. Thus, racial and ethnic differences in the relationship between PNI and
NRI scores and SLE activity require further investigation. In contrast, to the best of our knowledge,
this study was the first to address the relationship between NRI and disease activity and damage
accrual in lupus patients. Future prospective studies are needed to identify its clinical significance in
lupus activity.

5. Conclusions

In conclusion, NRI is associated with increased disease activity and organ damage on SLE and
appears to be an immuno-nutritional index in the evaluation of SLE activity and damage accrual.
Moreover, our results confirm the association between PNI and disease activity in SLE patients. We are
aware that the results reported are preliminary and further studies on a larger sample are required.
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ABSTRACT

BACKGROUND: We aimed to evaluate the relationships between obesity metrics including Body
Mass Index (BMI), waist to height ratio (WtHR) and fat mass percentage, and disease activity,

damage accrual, inflammation markers and traditional cardiovascular risk factors in SLE patients.

METHODS: A cross-sectional study was conducted on a sample of 275 patients (90.5% females;
mean age 46.37+13.85 years). Disease activity was assessed with the SLE disease activity index
(SLEDAI-2K), and disease-related organ damage was assessed using the SLICC/ACR damage
index (SDI). Biochemical variables of lipids profile, high-sensitivity C-reactive protein (hs-CRP),
homocysteine (Hcy), anti-dsDNA titers and complement components C3 and C4 serum levels were

measured. Blood pressure and ankle-brachial index (ABI) were also calculated.

RESULTS: Significant differences were observed between normal-weight, overweight and obese
patients in SLEDAI (2.60+2.48 vs. 2.71£2.65 vs. 3.84%3.02; P=0.004), SDI (0.76£1.10 wvs.
1.09£1.24 vs. 1.57£1.54; P=0.002), hsCRP (2.15+2.93 wvs. 3.244+3.63 vs. 5.30+5.63 mg/dL;
P<0.001), complement C3 level (99.92+24.45 vs. 111.38+27.41 vs. 123.16+28.96 mg/dL; P<0.001),
triglycerides serum levels (85.994+41.68 vs. 102.35+50.88 vs. 129.12+61.59 mg/dL; P<0.001) and
systolic blood pressure (112.284+16.35 vs. 124.25+17.94 vs. 132.78+£16.71 mmHg; P=0.001) after

adjusting for age and sex.

CONCLUSION: Patients with SLE who are obese have worse disease activity and damage accrual,
higher levels of inflammation markers hs-CRP and C3 complement, increased triglycerides serum
levels and systolic blood pressure levels in comparison with overweight or normal weight SLE
patients, supporting that optimizing weight in SLE patients should be a potential target to improve
SLE outcomes.

(Cite this article as: Correa-Rodriguez M, Pocovi-Gerardino G, Callejas Rubio J-L, Rios Fernandez
R, Martin Amada M, Cruz Caparroés M, et al. The impact of obesity on disease activity, damage
accrual, inflammation markers and cardiovascular risk factors in systemic lupus erythematosus.

Panminerva Med 2019;61:000-000. DOI: 10.23736/S0031-0808.19.03748-0)

Key words: Systemic lupus erythematosus; Obesity; Disease progression; Risk factors.

Systemic lupus erythematosus (SLE) is a complex chronic autoimmune disease characterized by a
loss of tolerance to self-antigens and the production of high titers of serum autoantibodies. SLE
displays a variable clinical course and SLE patients present a wide range of clinical symptoms
involving several organs.! The etiology of SLE is unknow but it is believed that a genetic

component and exposure to environmental risk factors may contribute to the development of SLE.?
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Although there is a wide geographical variation in the prevalence of SLE, it is estimated between

0.3% to 23.2% worldwide.?

Obesity, which is characterized by an increase in body weight that results in excessive body fat, has
been associated with increased risk of autoimmune diseases including rheumatoid arthritis,® 3
psoriasis® 7 and type 1 diabetes.® Increased adiposity has been linked with a state of altered immune
function and chronic low-grade inflammation. Thus, experimental models demonstrate that
adipokines, which are inflammatory mediators secreted by adipocytes, are involved in the
pathogenesis of autoimmune diseases.’ Interestingly, in SLE the adipokine leptin has been shown to

promote the survival of autoreactive T lymphocytes and reduce Treg cells in mice models. "

Obesity has been shown to be presented in about one third of SLE patients.'® In this line, obesity
has been linked to an increased risk of clinical complications as well as and amplified burden of
atherosclerosis in these patients.'>!> Previous research has investigated the relationships between
obesity metrics and disease activity, damage accrual and many patients-reported outcomes,
reporting contradictory findings.'>?! Because of the inconclusive evidence available, more research
is needed to explore the impact of obesity markers on SLE. Of note, most studies have focused on
the effect of Body Mass Index (BMI) on SLE disease activity.'>!> 2!- 22 However, wide inter-
individual variability in body fat percentages for the same BMI has been reported.?> Thus, the
analysis of fat mass might lead to a better understanding of the potential impact of obesity on SLE.
Additionally, considering the high prevalence of obesity in SLE patients, to investigate the
relationships between obesity metrics and disease activity, damage accrual, inflammation markers

and traditional cardiovascular risk factors would be of special interest.

In this context, we hypothesized that obesity might be associated with worse SLE outcomes.
Therefore, the aim of this study was to evaluate the relationships between obesity metrics including
BMI, waist-to-height ratio (WtHR) and fat mass percentage, and disease activity, damage accrual,

inflammation markers and traditional cardiovascular risk factors in a sample of patients with SLE.
Materials and methods

Study population

A cross-sectional study was conducted among 275 subjects diagnosed with SLE attended at the
Outpatient Clinic of the Systemic Autoimmune Diseases Unit across multiple public hospitals in the
Andalusian region of Spain. All patients met the SLE revised diagnostic criteria of the American
College of Rheumatology (ACR) or SLICC.?* 25 The participants had been confirmed as suffering
SLE at least one year prior to the study and were clinically stable, with no changes in the Systemic

Lupus Erythematosus Disease Activity Index (SLEDAI) and/or medical treatment over the six
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months just prior to the study. We considered as exclusion criteria patients with serum creatinine
>1.5 mg/dL, chronic renal failure, cerebrovascular disease, recent infections, major trauma or
surgery in the six previous months, pregnancy and/or other chronic and/or autoimmune systemic
conditions not related with the main disease. Written informed consent was obtained from each
participant and the study was approved by local ethics committees and conducted in accordance

with the Declaration of Helsinki.

Clinical disease activity

The activity of the disease was assessed with the Systemic Lupus Erythematosus Disease Activity
Index 2000 (SLEDAI-2K).2° SLE Disease Activity Index (SLEDAI) is a list of 24 items, 16 of
which are clinical items and eight are laboratory results. These items are scored based on whether
these manifestations are present or absent in the previous 10 days. The total score of SLEDAI-2 K
is the sum of all 24 descriptor scores and falls between 0 and 105 and a score of 6 is considered
clinically important. SLEDAI-2K is a modification of SLEDAI that allows the documentation of
ongoing disease activity in some clinical items as skin rash, alopecia, mucosal ulcers and

1.26

proteinuria as opposed to only new occurrence as defined in the original SLEDAIL~® Meaningful

improvement is best defined as a reduction in SLEDAI-2 K of 4.7

Disease-related organ damage was assessed by using the SLICC/ACR damage index (SDI).?® This
instrument has been developed to assess irreversible damage in SLE patients, independently of its
cause.?? The maximum possible score is 47. The SDI damage score gradually increases over time
and patients with higher damage scores early in the course of disease have been associated with

poor prognosis and increased mortality.>

Determination of biochemical parameters

Venous blood samples were collected between 07:30 and 10:00 following an overnight fast and
then centrifuged for 15 minutes to obtain serum. The serum was analyzed immediately by standard
laboratory methods to obtain the following biochemical variables: total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
triglycerides, high-sensitivity C-reactive protein (hs-CRP), homocysteine (Hcy), white blood cells
(WBC), erythrocyte sedimentation rate (ESR) and hemoglobin (Hb) serum levels.
Immunoturbidimetric assays (Beckman Coulter AU System CRP Latex reagent) were used to
determine hs-CRP levels in a Beckman Coulter analyzer (AU5800 Analyzer, Beckman Coulter,
CA, USA). The highly sensitive technique was used to measure hs-CRP ranges of between 0.2-80
mg/L. Hey serum levels were measured with an enzymatic colorimetric assay using the Axis-Shield

Liquid Stable (LS) 2-Part Homocysteine Reagent (Axis-Shield Diagnostics Ltd, Dundee, UK) in a
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Beckman Coulter analyzer (AU680, Beckman Coulter, CA, USA). This method measures Hcy
levels ranging between 2 and 44 umol/L.

Assay of anti-dsDNA titers and complement levels

Anti-dsDNA titers were measured using a commercially available BioPlex 2200 System (Bio-Rad,
Hercules, CA, USA), which is an automated analyzer that detects antibodies to several antigens in
one tube. Results are expressed in IU/mL and the cut-off values established by the manufacturer are
5-9 IU/mL (indeterminate) and >10 IU/mL (positive). Human complement components C3 and C4
were determined quantitatively in serum samples by immunoturbidimetric assay (Beckman Coulter
AU System CRP Latex reagent) in a Beckman Coulter analyzer (AU5800 Analyzer, Beckman
Coulter, CA, USA). Normal ranges are as follows: 90-180 mg/dL for C3 and 10-40 mg/dL for C4.

Systolic and diastolic blood pressures and ankle-brachial index (ABI)

Blood pressure was measured using a Dynamap vital signs monitor (model BP 8800, Critikon, Inc.,
Tampa, FL, USA), following the recommendations of the European Heart Society. The Ankle-
Brachial Index (ABI) measurement was performed according to American Heart Association
(AHA) suggestions.’! The ABI were measured by the same researcher according to the Doppler
sound and the reading shown on the sphygmomanometer dial at the ankle level and in the brachial
arteries on both arms and legs, using a manual sphygmomanometer (Riester 1312 Minimus® II,
Jungingen, Germany) and a portable vascular Doppler (Hadeco Minidop ES-100VX. Kawasaki,
Japan).

Anthropometric and body composition measurements

A body composition analyzer (TANITA BC-418MA®) was used to measure body weight (kg) and
percentage of fat mass (%) to the nearest 0.1 kg. This was done twice when participants were
dressed in light indoor clothing without shoes. Measurements were taken in the morning after a 12-
hour fast with no consumption of food or beverages, as well as a 24-hour abstention from exercise,
under resting conditions. A Harpenden stadiometer (Harpenden 602 VR, Holtain, UK) was used for
height measurements. Each participant was asked to stand erect with his/her back, buttocks, and
heels in continuous contact with the vertical height rod of the stadiometer and head oriented in the
Frankfurt plane. Waist circumference was measured twice with a Seca automatic roll-up measuring
metal tape (precision of 1 mm) using the horizontal plane midway between the lowest rib and the
upper border of the iliac crest at the end of a normal inspiration/expiration. The averages of the two
values for each measurement were used in the analysis. BMI was calculated by dividing body

weight (kg) by the square of body height (m?). BMI value was classified according to the



Panminerva Med. 2020 Jun;62(2):75-82. doi: 10.23736/S0031-0808.19.03748-0.

recommendations of the World Health Organization (WHO Expert Consultation 2004)
(underweight: <18.5 kg/m? normal weight: BMI 18.5-24.9 kg/m?, overweight: BMI 25.0-29.9
kg/m2 and obese: BMI>30.0 kg/m?). The same trained research assistant performed all the

measurements and the same device was used for all of the measurements.

Statistical analysis

SPSS® Statistics version 21.0 (SPSS, Chicago, IL, USA) was used for all analyses. Continuous
variables were presented as mean and standard deviation and categorical variables as frequencies
and percentages. The Kolmogorov-Smirnov test was used to verify data distribution normality. We
used linear regression analyses to examine the relationship between obesity metrics including BMI,
WtHR and fat mass percent and clinical variables after adjusting for age and sex. To analyze the
association between clinical data and IMC status (normal-weight, overweight and obesity) we used
a one-way ANOVA analysis. Age and sex were considered confounding factors and adjusted in the

prior analysis. P values <0.05 were statistically significant.
Results

Descriptive characteristics of LES patients

The main characteristics of the study group are shown in Table I. Most patients enrolled in the study
were females (90.5%) and the mean age of the population was 46.37+13.85 years. The average BMI
was 26.28+5.54 kg/m?. The mean BMI was within the overweight range. The prevalence of
underweight, normal-weight, overweight and obesity were 2.9% (N.=8), 44.0% (N.=121), 33.1%
(N.=91) and 20.0% (N.=55), respectively. The mean fat mass percent was 33.69+8.64.

Regarding clinical data, the mean time since diagnosis with SLE was 8.97+6.56 years. According to
their medical records, 41.6% of patients were taken corticosteroids. The majority of the patients
included in this study presented low to moderate disease activity (mean SLEDAI: 2.86) and a low
damage index (mean SDI: 1.01). The mean hs-CRP and HCR serum levels were 3.28 mg/L and
12.52+7.45 pmol/L, respectively.

Associations between clinical variables and obesity metrics

The association analysis between clinical data and obesity metrics in SLE patients after adjusting
for age and sex are shown in Table II. Linear regression analysis revealed significant associations
between BMI ($=0.387; 95% CI: 0.159, 0.614; P=0.001), WtHR ($=0.006; 95% CI: 0.002, 0.011;
P=0.005), fat mass percentage (=0.405; 95% CI: 0.017, 0.793; P=0.041) and SLEDALI score. Also,
BMI (B=1.196; 95% CI: 0.710, 1.683; P<0.001), WtHR ($=0.021; 95% CI: 0.012, 0.030; P<0.001)

231
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and fat mass percentage (B=1.693; 95% CI: 0.877, 2.508; P<0.001) were shown to be associated
with SDI score.

Regarding laboratory parameters, significant association between BMI ($=0.159; 95% CI: 0.033,
0.285; P=0.014), WtHR (p=0.006; 95% CI: 0.003, 0.090; P<0.001), fat mass percentage (f=0.476;
95% CI: 0.217 0.734; P<0.001) and hs-CRP were observed. Additionally, relationships between
complement C3 and BMI (=0.063; 95% CI: 0.041, 0.085; P<0.001), WtHR ($=0.001; 95% CI:
0.001, 0.001; P<0.001), fat mass percentage ($=0.096; 95% CI: 0.061, 0.131; P<0.001) were
identified.

After adjusting for age and sex, the linear regression analysis also shown significant associations
between triglycerides serum levels and BMI (8=0.028; 95% CI: 0.016, 0.040; P<0.001), WtHR
(B=0.000; 95% CI: 0.000, 0.001; P=0.001) and fat mass percentage ($=0.030; 95% CI: 0.010,
0.050; P=0.003). Finally, BMI ($=0.117; 95% CI: 0.056, 0.178; P<0.001), WtHR ($=0.002; 95%
CI: 0.001, 0.003; P=0.002) and fat mass percentage (=0.139; 95% CI: 0.052, 0.227; P=0.002) were

associated with systolic blood pressure levels.

Comparison of clinical variables between normal weight, overweight and obese SLE

patients

Table III shows the comparison of clinical data by normal weight, overweight and obese SLE
patients. After adjusting for age and sex there were significant differences between normal-weight,
overweight and obese patients in SLEDAI (2.60+2.48 vs. 2.71£2.65 vs. 3.84+3.02; P=0.004), SDI
(0.76+1.10 vs. 1.09£1.24 vs. 1.57+1.54; P=0.002), hsCRP (2.15+2.93 vs. 3.2443.63 vs. 5.30£5.63
mg/dL; P<0.001), triglycerides serum (85.99+41.68 vs. 102.35+50.88 vs. 129.12+61.59 mg/dL;
P<0.001) and systolic blood pressure levels (112.28+16.35 vs. 124.25+17.94 vs. 132.78+16.71
mmHg; P=0.001). Note that we also observed significant differences between normal-weight,
overweight and obese patients in complement C3 levels (99.92+24.45 vs. 111.38+£27.41 vs.
123.16+£28.96 mg/dL; P<0.001), indicating that obese patients have significantly higher
complement C3 levels than overweight and normal weight subjects. To further examined this
unexpected result, complement C3 were categorized as low (C3<80 mg/dL) or normal/high (C3>80
mg/dL) in the three groups. Similar trends were observed since the levels of low vs. normal/high C3
were 21.5% and 78.5% in normal weight, 11.2% an 88.8% in overweight and 7.3% and 92.7% in

obese patients, respectively.

Discussion

The aim of this study was to investigate possible associations between obesity metrics and disease

activity, damage accrual, inflammation markers and traditional cardiovascular risk factors in a
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sample of 275 patients with SLE. Our findings showed that SLE patients with obesity have worse
disease activity and damage accrual and higher levels of inflammation markers hsCRP and
complement C3. Furthermore, SLE patients with obesity have higher triglycerides serum levels and
systolic blood pressure levels in comparison with overweight or normal weight SLE patients. These
findings are in line with previous studies which reported the influence of obesity in SLE

pathogenesis via stimulation of systemic inflammation.?> 32

This study showed that BMI, WtHR and fat mass percentage were associated with SLEDAI and
SDI scores, supporting a link between obesity and disease activity and damage accrual. These
results correlate with the findings from the Southern California Lupus Registry (SCOLR) that
reported an independent association between obesity and worse SLE disease activity, suggesting
that obesity might be an important target for improving SLE outcomes.!® Similarly, in a recent
study conducted in a representative sample of patients with SLE, obesity was independently
associated with worse disease activity.' In contrast, Chaiamnuay et al reported that an increased
BMI is not associated with disease activity or damage accrual in patients with lupus using data from
a multi-ethnic cohort.!” Similarly, Zhu et al. showed that BMI was not associated with disease
activity in Chinese patients with SLE'® and in another study visceral adipose tissue did not correlate
with SLEDALI or SDL2° The contradictory results might be due to differences in the prevalence of
obesity, which was lower in our cohort (17.81%) than in patients for the LUMINA (Lupus in
Minorities: Nature vs. Nurture) cohort (28%) and those in the study by Zhu et al (23.43%). Also,
the fact that Chaiamnuay et al. used the Systemic Lupus Activity Measure-Revised (SLAM-R)
instead of the SLEDAI index to assess disease activity might contribute to discrepant results. In
addition, Rizk et al. conclude that BMI was associated with SLE damage accrual but the association
with disease activity was not clear.'> However, this study was conducted in a limited cohort of sixty
SLE patients. Considering that increased disease activity has been shown to further increases the
risk of CVD in patients with SLE,* to manage modifiable variables affecting SLE disease activity
such as obesity status is especially relevant since it might improve long-term outcomes in these

patients.

Obesity and SLE has been reported to have a component of inflammation since increased serum
levels of tumor necrosis factor-alpha in SLE, and increased levels of interleukin-1 (IL-1) and CRP 1
in both have been found.?? Likewise, adipose tissue is an endocrine organ that secrets adipokines,
complement components and other pro-inflammatory mediators that contribute to a systemic
inflammation in obese individuals.>* We evidenced that BMI, WtHR and fat mass percentage were
associated with hs-CRP serum levels, indicating the direct involvement of obesity in inflammatory

conditions associated with SLE. In line with previous research, we observed that obese patients had
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higher concentrations of CRP than those patients who were overweight or had a normal BML'* This
observation is important since it has been indicated that risk of CVD increases linearly with the
CRP level.** Moreover, increased concentrations of markers and mediators of inflammation are risk
factors for cardiovascular events in SLE patients.® Therefore, based on our observations and
previous findings it should hypothesized that the increased inflammation associated with obesity

may lead to an increase in cardiovascular risk in SLE patients with obesity.

In this study we have also found that BMI, WtHR, fat mass percentage was associated with
complement C3. Similarly, Oeser et al. showed that obese patients had higher concentrations of
complement C3 than overweight or normal weight SLE patients.'* However, it should be noted that
reduced serum complement C3 levels often indicate active SLE. In fact, complement C3 has been
used to gauge SLE disease activity.”’ Thus, our findings suggest that the interpretation of
complement C3 might be confounded in obese SLE patients because of the chronic inflammatory

condition associated with obesity. Similar trends have been observed in pregnancy SLE patients.*®

On the other hand, we found that increased BMI, WtHR and fat mass percentage were also
associated with high triglycerides serum levels, a traditional risk factor of CVD. In agreement with
these findings, Rizk et al. showed that the triglycerides were significantly higher in SLE patients
with obesity!> and in a Brazilian study an increased number of SLE patients with excess weight
presented levels of triglycerides >150 mg/dL.> Additionally, we observed that obese patients had
higher systolic blood pressure levels compared to overweight and normal weight patients. This
observation is relevant since hypertension is common and persistent in this patient population and
might cause early cardiovascular aging and progression of renal and cardiac disease.*’ Therefore,
considering that obesity is a risk factor for CVD and is linked to higher rates of blood pressure and
elevated serum levels of inflammation metrics, the presence of obesity in SLE patients might
contribute toward an increase in morbidity and mortality in these patients.*! Taken together, all this
evidence suggests that it is worth implementing effective strategies in clinical practice that generate
changes in lifestyle behaviors to reduce obesity in SLE patients. This should be a priority
considering that CVD is the leading cause of death among SLE patients affected by disease for

more than five years.

Limitations of the study

We acknowledge that our study has some limitations. First, its cross-sectional design prevented the
determination of cause and effect and therefore, prospective studies are required to evaluate
causality. Second, another limitation is constraint on generalizability since only Spanish subjects
were included. Conversely, the strengths of this study include that the independent variable was

measured using different obesity metrics such as WtHR and body mass percentage in addition to
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BMI. This fact avoids the problems associated with relying only on BMI to assess obesity status
due to the inability to distinguish between fat mass and lean mass.** Finally, note that the study
cohort was comprised of individuals with physician-confirmed lupus who were recruited from a

variety of practice settings.

Conclusions

Patients with SLE who are obese have worse disease activity and damage accrual, higher levels of
inflammation markers hs-CRP and C3 complement, increased triglycerides serum levels and
systolic blood pressure levels in comparison with overweight or normal weight SLE patients,
supporting that optimizing weight in SLE patients should be a potential target to improve SLE
outcomes. Raised awareness, nutritional guidance and prescription of physical activity might be
introduced by clinicians in order to control excess weight and therefore, reducing the increased
morbidity of SLE patients with obesity. Future longitudinal investigations may help to elucidate the

impact of obesity on SLE.
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Table I.—Basic characteristics of the study population.

Characteristics Total
(N.=275)
Sex, female 249 (90.5%)
Age, years 46.37+13.85
Antimalarial use 218 (79.6%)
Immunosuppressor use 106 (38.7%)

Corticoid use
Anthropometric data

114 (41.6%)

Weight, kg 68.65+15.09
Height, m 1.61+£0.07
BMI, kg/m? 26.28+5.54
Waist circumference 89.35+15.20
WtHR 0.55+0.99
Fat mass % 33.69+8.64
SLE duration, years 8.97+6.56
Number of complications 3.43£1.34
SLEDAI score 2.86+2.81
SDI score 1.01+1.27
hsCRP, mg/dL 3.28+4.98
Hcy, umol/L 12.52+7.45
Anti-dsDNA, IU/mL 20.64+43.09
Complement C3 level, mg/dL  107.68+27.73
Complement C4 level, mg/dL.  22.14+16.03
WBC count, x10%/uL 5.7342.25
Platelet count, x103/uL 225.69+71.31
ESR, mm/h 19.35+15.73
Hb level, g/dL 13.89+6.80
TC, mg/dL 184.35+43.79
TG, mg/dL 100.59+51.54
HDL-C, mg/dL 57.80+16.00
LDL-C, mg/dL 107.84+34.86
SBP, mmHg 119.90+18.79
DBP, mmHg 83.86+18.06
ABI 1.014+0.12

Data are expressed as mean and range or frequency and percentage.

BMI: Body Mass Index; WtHR: waist-to-height ratio; WHR: waist-to-hip ratio; SLE: systemic
lupus erythematosus; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; SDI:
Damage Index for Systemic Lupus Erythematosus; hsCRP: high-sensitivity C-reactive protein;
Anti-dsDNA: anti-double-stranded DNA antibodies; Hcy: homocysteine; WBC: white blood cells;
ESR: erythrocyte sedimentation rate; Hb: hemoglobin; TC: total cholesterol; TG: triglycerides;
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP:
systolic blood pressure; DBP: diastolic blood pressure; ABI: Ankle Brachial Index.
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Table II.—Beta estimates and confidence intervals for the association between obesity metrics and

disease activity, damage accrual, inflammation markers and traditional cardiovascular risk factors in

SLE patients.
Parameter BMI WtHR Fat mass percent (%)
B (95% CI) P B (95% CI) P B (95% CI) P
value value value

SLE duration, years -0.055 (-0.154, 0.277 0.000 (-0.002, 0.699 0.022 (-0.130, 0.773
0.044) 0.001) 0.175)

N. of complications 0.367 (-0.105, 0.127 -0.002 (-0.011, 0.679 0.273 (-0.489, 0.481
0.840) 0.007) 1.036)

SLEDAI score 0.387 (0.159, 0.001  0.006 (0.002, 0.005 0.405(0.017, 0.041
0.614) 0.011) 0.793)

SDI score 1.196 (0.710, <0.001 0.021 (0.12, <0.001 1.693 (0.877, <0.001
1.683) 0.030) 2.508)

hsCRP, mg/dL 0.159(0.033, 0.014 0.006 (0.003, <0.001 0.476 (0.217, <0.001
0.285) 0.009) 0.734)

Hcy, umol/L 0.056 (-0.046, 0.282 0.001 (-0.001, 0.405 0.126 (-0.025, 0.102
0.159) 0.003) 0.278)

Anti-dsDNA, TU/mL -0.004 (-0.019, 0.598  0.000 (0.000, 0.179 -0.023 (-0.046, 0.049
0.011) 0.000) 0.000)

Complement C3 level, 0.063 (0.041, <0.001 0.001(0.001, <0.001 0.096 (0.061, <0.001

mg/dL 0.085) 0.001) 0.131)

Complement C4 level, 0.016 (-0.024, 0.434 0.001 (0.000, 0.058 0.079 (-0.014, 0.097

mg/dL 0.055) 0.002) 0.172)

WBC count, x10°>/uL 0283 (-0.001, 0.050 0.006 (0.001, 0.023 0.321 (-0.154, 0.184
0.567) 0.012) 0.797)

Platelet count, x10%/pL  0.000 (-0.009, 0.939  0.000 (0.000, 0.153 0.011 (-0.004, 0.149
0.009) 0.000) 0.026)

ESR, mm/h 0.002 (-0.038, 0.907 0.000 (-0.001, 0.956 0.048 (-0.019, 0.159
0.043) 0.001) 0.114)

Hb level, g/dL -0.022 (-0.115, 0.635 0.000 (-0.002, 0.581 0.017 (-0.153, 0.806
0.070) 0.001) 0.119)

TC, mg/dL 0.004 (-0.011, 0.627  0.000 (0.000, 0.967 0.015(-0.009, 0.228
0.019) 0.000) 0.039)

TG, mg/dL 0.028 (0.016, <0.001 0.000 (0.000, 0.001 0.030(0.010, 0.003
0.040) 0.001) 0.050)

HDL-C, mg/dL -0.031 (-0.070, 0.133 -0.001 (-0.002, 0.079 -0.047 (-0.116, 0.185
0.009) 0.000) 0.022)

LDL-C, mg/dL 0.003 (-0.015, 0.718 0.000 (0.000, 0.913 0.015(-0.016, 0.334
0.022) 0.000) 0.046)

SBP, mmHg 0.117 (0.056, <0.001 0.002 (0.001, 0.002 0-139(0.052, 0.002
0,178) 0.003) 0.227)

DBP, mmHg -0.004 (-0.063, 0.904 0.000 (-0.001, 0.661 -0.021(-0.104, 0.622
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0.056) 0.001) 0.062)
ABI 2.684 (-8.039, 0.324 -0.034(-0.134, 0.506 -2.524(-11.18, 0.566
2.671) 0.066) 6.14)

Data are expressed as mean and range. Adjusted age and sex.

BMI: Body Mass Index; WtHR: waist-to-height ratio; SLE: systemic lupus erythematosus;
SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; SDI: Damage Index for Systemic
Lupus Erythematosus; hsCRP: high-sensitivity C-reactive protein; Anti-dsDNA: anti-double-
stranded DNA antibodies; Hcy: homocysteine; WBC: white blood cells; ESR: erythrocyte
sedimentation rate; Hb: hemoglobin; TC: total cholesterol; TG: triglycerides; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure;
DBBP: diastolic blood pressure; ABI: Ankle Brachial Index.
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Table II.—Comparison of disease activity, damage accrual, inflammation markers and traditional

cardiovascular risk factors between normal weight, overweight and obese SLE patients.

Parameter Normal weight  Overweight Obese P value
(N.=122) (N.=92) (N.=49)

SLE duration, years 8.45+6.15 9.73£7.08 8.30+6.52 0.633
N. of complications 3.33+1.36 3.46+1.40 3.53+1.02 0.760
SLEDAI score 2.60+2.48 2.7142.65 3.8443.02 0.004
SDI score 0.76+1.10 1.09+1.24 1.57+1.54 0.002
hsCRP, mg/dL 2.15+2.93 3.24+3.63 5.30£5.63  <0.001
Hcy, umol/L 11.03+£3.44 14.05+10.13  13.09+7.46  0.048
Anti-dsDNA, IU/mL 23.82+50.39  17.94+438.12  15.35+28.37  0.621
Complement C3 level, mg/dL.  99.92424.45  111.38+27.41 123.16+£28.96 <0.001
Complement C4 level, mg/dL.  21.88+20.62  21.84£10.85 23.73£11.41  0.711
WBC count, x10%/uL 5.33£1.95 5.85+2.64 6.174+2.02 0.083
Platelet count, x10*/pL 221.24+63.58 227.39+75.93 226.89+78.81 0.345
ESR, mm/h 19.75+¢16.37  19.47+16.44 19.08+12.73  0.976
Hb level, g/dL 14.03£10.10 13.62+1.33 13.93+£1.39  0.882
TC, mg/dL 181.10+46.10 187.26+42.61 186.31+36.36  0.813
TG, mg/dL 85.99+41.68  102.35+50.88 129.12+61.59 <0.001
HDL-C, mg/dL 58.99+17.66  58.95+14.79  53.72+13.51  0.123
LDL-C, mg/dL 106.444+33.82 109.40+34.90 107.94+£32.52 0.974
SBP, mmHg 112.28+16.35 124.25+17.94 132.78+16.71  0.001
DBP, mmHg 82.76+19.39  83.38+11.22  85.04+16.55 0.856
ABI 1.01+0.10 0.99+0.14 1.02+0.14 0.677

Data are expressed as mean and range. Adjusted age and sex.

BMI: Body Mass Index; WtHR: waist-to-height ratio; SLE: systemic lupus erythematosus;
SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; SDI: Damage Index for Systemic
Lupus Erythematosus; hsCRP: high-sensitivity C-reactive protein; Anti-dsDNA: anti-double-
stranded DNA antibodies; Hcy: homocysteine; WBC: white blood cells; ESR: erythrocyte
sedimentation rate; Hb: hemoglobin; TC: total cholesterol; TG: triglycerides; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure;
DBBP: diastolic blood pressure; ABI: Ankle Brachial Index.
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Abstract
Objective: to analyse the influence of the Mediterranean Diet (Med Diet), on systemic
lupus erythematosus (SLE) activity, damage accrual, and cardiovascular disease (CVD)

risk markers.

Methods: A cross-sectional study was conducted on 280 patients with SLE (46.9 + 12.85
years). Med Diet adherence was assessed through a 14-item questionnaire on food
consumption frequency and habits (total score from 0 to 14 points; higher score = greater
adherence to the Med Diet). C-reactive protein (CRP), homocysteine (Hcy), SLEDAI-2K
(SLE disease activity), and SLICC/ACR and SDI (damage accrual) were measured.
Obesity, diabetes mellitus, hypertension, and blood lipids, among others, were considered

CVD risk factors.

Results: Greater adherence to the Med Diet was significantly associated with better
anthropometric profiles, fewer CVD risk factors, and lower disease activity and damage
accrual scores (p <0.001 for SLEDAI and SDI). An inverse relationship between the Med
Diet score and SLEDAI (p >0.001; g=-0.380), SDI (p =<0.001; f=-0.740), and
hsCRP (p = 0.039; f=—0.055) was observed. The odds ratio (OR) for having active SLE
(SLEDAI > 5) or the presence of damage (SDI > 1) was lower among patients whose
Med Diet score was higher (p <0.001). Finally, greater consumption of Med Diet foods
(olive oil, fruits, vegetables, fish, etc) and abstaining from red meat and meat products,

sugars, and pastries was associated with less SLE clinical activity and damage.

Conclusion: Greater adherence to the Med Diet seems to exert a beneficial effect on
disease activity and cardiovascular risk in SLE patients. To confirm these findings, further

longitudinal studies would be of interest.
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Key messages

Greater adherence to the Med Diet positively impacts SLE disease activity, damage

accrual, and cardiovascular risk.

Anti-inflammatory diet patterns may induce changes in the immune system,

inflammatory markers, and CVD risk factors, and could benefit SLE prognosis.

Along with medical treatment, SLE patients would benefit from nutritional education

programmes focused on maintaining healthy dietary patterns, such as the Med Diet.
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Introduction

The Mediterranean Diet (Med Diet) is a traditional dietary pattern based on whole or
minimally processed foods and a high intake of vegetables, fruits, whole grains, fish, and

olive oil, with moderate consumption of red meat and wine (1).

Numerous studies have linked a high-quality dietary pattern such as the Med Diet with a
lower incidence of chronic and inflammatory diseases (2), including cardiovascular
disease (3), metabolic syndrome (4), obesity (5,6), diabetes (7) , and cancer (8), in
addition to a better prognosis. Additionally, a few recent studies have reported that the
Med Diet positively impacts autoimmune diseases (9,10). In rheumatoid arthritis (RA),
Med Diet interventions modulated inflammatory activity, increased physical function,
and improved vitality (10). Similarly, adherence to the Med Diet may decrease the risk
of other autoimmune diseases, including multiple sclerosis (MS) (9). However, the
usefulness of the Med Diet as a high-quality dietary pattern for other autoimmune

diseases has not yet been investigated.

Systemic lupus erythematosus (SLE) is one of the most representative autoimmune
diseases (11). Patients with SLE have a higher risk of developing cardiovascular disease
(CVD), the main cause of morbidity and mortality (12,13) . The increased CDV risk in
lupus patients is likely to be multifactorial, resulting from both SLE-specific risk factors
such as disease severity or drug therapy, and traditional cardiovascular risk factors, like
obesity, hypertension and dyslipidaemia, among others (14). In addition, inflammation
processes in SLE promote the development of atherosclerosis, endothelial damage, and

SLE progression, contributing to CDV risk (15).

Previous research has shown that dietary factors can modulate inflammation and CVD

risk (16,17) and may play a role in atherogenic processes in SLE (18). In this context,
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following a Med Diet is related to improved inflammatory biomarker profiles and lower
endothelial cell dysfunction (19). Similarly, the Med Diet exerts a protective effect against
CVD (3), mainly because of small favourable changes in CVD risk factors, including

improved blood lipids, blood pressure, blood glucose, and waist circumference (20).

Considering the beneficial effects of the Med Diet on inflammatory and autoimmune
diseases, and that the role of this healthy dietary pattern has not yet been investigated in
SLE, we aimed to analyse the relationship between Med Diet adherence and SLE clinical

outcomes.

Patients and methods

Study design and study population

A cross-sectional study was conducted on a population of patients diagnosed with SLE
who attended the Systemic Autoimmune Diseases Unit outpatient clinics at one of three
public hospitals in the Andalusian region of Spain. All patients met the revised criteria of
the American College of Rheumatology (ACR) or the Systemic Lupus Erythematosus
International Collaborating Clinics Group (SLICC) criteria for SLE diagnosis (21). The
participants were diagnosed with SLE at least one year prior to the start of the study, and
were clinically stable with no changes in their Systemic Lupus Erythematosus Disease
Activity Index 2000 (SLEDAI-2K) (22) score or their medical treatment over the six-
month period prior to the study. We excluded patients with serum creatinine levels > 1.5
mg/dL, cerebrovascular disease, ischemic heart disease, active infections, major trauma
or surgery in the preceding six months, pregnancy, or other chronic and/or autoimmune

systemic conditions not related to the main disease.
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Atotal of 350 patients with SLE, between 18 and 80 years old, were consecutively
approached about participating in this study and were screened for eligibility. After
medical consultation, 61 patients were deemed ineligible (26 were excluded for having
active infections at the time of the study, 21 had other autoimmune conditions, 8 had
severe lupus nephritis, and 6 were pregnant), and 9 patients declined to
participate. Finally, a total of 280 individuals was included in the study after providing
written informed consent. Their clinical manifestations, medical records, and current
medical treatment with antimalarials, immunosuppressors, statins, and corticoid therapy
(current use and dose) were also recorded. The study was approved by the local ethics
committee and the work was conducted in accordance with the standards set out in the

Declaration of Helsinki.

Disease Activity Index and Damage Index assessments

Disease activity was assessed with the SLEDAI-2K (22).The SLE Disease Activity Index
(SLEDALI) is a list of 24 items, 16 of which are clinical and eight of which are laboratory
results. Meaningful improvement is best defined as a SLEDAI-2K score reduction of 4

points (23).

Disease-related organ damage was assessed using the Systemic Lupus International
Collaborating Clinics and American College of Rheumatology (SLICC/ACR) Damage
Index (SDI) (24), which was developed to assess irreversible damage in SLE patients,

independently of the cause (25).

Anti-double stranded DNA and complement level assays
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Anti-double stranded DNA (anti-dsDNA) titres were measured using the commercially
available BioPlex 2200 System (Bio-Rad, Hercules, CA, USA). The results are expressed
in IU/mL and the cut-off values established by the manufacturer are 5-9 [U/mL
(indeterminate) and > 10 IU/mL (positive). Human complement components C3 and C4
were determined quantitatively in serum samples through immunoturbidimetric assays

(Beckman Coulter AU System CRP Latex reagent).

High-sensitivity C-reactive protein and homocysteine determinations

Immunoturbidimetric assays (Beckman Coulter AU System CRP Latex reagent) were
used to determine high-sensitivity C-reactive protein (hs-CRP) levels. According to the
American Heart Association guidelines, hs-CRP levels below 3.0 mg/L present a low to
normal/average cardiovascular risk and individuals with levels in excess of 3.0 mg/L

have a high risk of cardiovascular disease (26).

Homocysteine (Hey) serum levels were measured with an enzymatic colorimetric assay
using Liquid Stable 2-part Homocysteine Reagent (Axis-Shield Diagnostics Ltd.,
Dundee, UK). Normal laboratory reference levels range between 5—15 pmol/L; however,
the recommended ideal level is < 10 pmol/L in individuals with an increased risk of CVD,

such as SLE patients (27).

Cardiovascular risk factors

Comorbidities

The presence of type Il diabetes, hypertension, and/or dyslipidaemia were considered

cardiovascular risk factors.

Blood lipid profile
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Venous blood samples were collected between 7:30 am and 10:00 am following an
overnight fast. Serum samples were analysed immediately using standard laboratory
methods to determine the total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), and

biochemical variables used here as cardiovascular risk factors.

Cut-off values for blood lipids were established according to the Guidelines For
Dyslipidaemia Treatment: Adult Treatment Panel IIT (ATP-III). The National Cholesterol
Education Programme (NCEP) (28) which describes the following cut-off values: TC

<200 mg/dL, HDL-C 40- 60 mg/dL, LDL-C <100 mg/dL, and TG <150 mg/dL.

Ankle—brachial index and blood pressure

The ankle-brachial index (ABI) was measured, according to the American Heart
Association recommendations, to assess the presence of subclinical atherosclerosis
(29,30). Systolic blood pressure (SBP) was measured at ankle level and in the brachial
arteries of both arms and legs, using a manual sphygmomanometer (Riester 1312
minimus® II. Jungingen, Germany) and a portable vascular Doppler (Hadeco Minidop
ES-100VX. Kawasaki, Japan). Blood pressure was measured using a Dinamap vital sign
monitor (Model BP 8800 Critikon, Inc., Tampa, FL), following the European Heart

Society recommendations.
Mediterranean diet adherence and nutritional data

An in-person interview with each participant was conducted by the same trained
nutritionist/dietitian, and the previously validated /4-item Mediterranean Diet Adherence
questionnaire, designed and validated by the PREvencion con Dleta MEDiterranea group

(PREDIMED), was administered (31,32). This questionnaire comprises 12 items relating

10
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to food consumption frequency plus two on consumption habits with regard to foods
considered characteristic of the Med Diet pattern, over the last 6 months. Each question
is scored either O or 1 and the total score ranges from 0 to 14 points; the higher the score,
the greater the adherence to the Med Diet. The questionnaire was performed as follows:
One point was given for: (a) using olive oil as the main source of culinary fat; (b)
consumption of four or more tablespoons of olive oil/day; (c) consumption of two or more
servings of vegetables/day; (d) consumption of three or more pieces of fruit/day; (e)
consumption of less than one serving (1 serving = 100 grams) of red meat or hamburger
or sausages/day; (f) consumption of less than one serving of animal dairy and fats such
as butter, margarine, or cream/day; (g) consumption of less than one glass of sweetened
beverages/day; (h) consumption of seven or more glasses (100 mL) of red wine/week; (i)
consumption of three or more servings (1 serving = 150 grams) of pulses/week; (j)
consumption of three or more servings (1 serving = 150 grams) of fish/week; (k)
consumption of less than two commercial pastries and/or commercial sweets/week; 1)
consumption of three or more servings (1 serving = 30 grams) of tree nuts/week; (m)
preferring white meat over red meat; (n) consumption of sofrito (a sauce made with

tomato, garlic, onions and peppers sautéed in olive oil) two or more times/week.

In addition, a 24-hour diet recall was used to estimate food consumption. Patients were
asked about the portions and amounts of each food or beverage item they had consumed,
the number and amount of ingredients used in each recipe, meal preparation, consumption
of sugary foods, alcoholic and non-alcoholic drinks, and added sugar in the preceding 24
hours. The food and beverage intake reported was converted into nutrient, total energy,
and alcohol intake information using the EI Alimentador software (Fundacion

Alimentacion Saludable. Madrid, Spain) (33).

11



Rheumatology (Oxford) 2020 Jun 28;keaa210. doi: 10.1093/rheumatology/keaa210.

Anthropometric assessment

A body composition analyser (TANITA BC-418MA®) was used to measure body weight
(kg) and fat mass percentage (%) to the nearest 0.1 kg. Height (m) was measured using a
SECA763® (Hanover, MD 21076 USA) measuring station. All the measurements were
performed twice, with the participants wearing light indoor clothing and without shoes.
The patients’ BMIs were calculated by dividing their body weight (kg) by the square of
their height (m?) and this was classified according to the World Health Organisation

guidelines (34).

Statistical analysis

The SPSS® statistical analysis package, version 21.0 (IBM Corp., Armonk, NY) was used
for all the analyses. The Med Diet adherence score was classified as follows: low
adherence (< 5 points); medium adherence 6-9 points; and good adherence > 10 points,
according to a previous PREDIMED report (5). We compared the baseline characteristics
of the participants according to these three adherence categories (means and SD or
percentages for each variable). Significant differences between these were tested using a
one-way ANOVA for continuous variables, and chi-squared tests for categorical
variables. Linear regression analyses were also used to examine the relationship between
the Med Diet score, clinical disease variables, and inflammatory markers. Multivariable
linear regression modelling was used to estimate differences in clinical disease variables
and inflammatory markers, with adherence to the Med Diet as the continuous variable.

Age, sex, medical treatment (immunosuppressors, corticoids, or antimalarials), smoking

12
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status, and BMI were included in all the analyses as confounding factors using a stepwise

algorithm (forward method).

In all the analyses, the SLEDAI, SDI, Antids-DNA, complement C3 and C4, hs-CRP,
Hcy, and fibrinogen data were adjusted for age, sex, medical treatment
(immunosuppressors, corticoids, and antimalarials), smoking status, and BMIL.
Multivariable logistic regression analyses were also used to estimate the odds ratios (OR)
for active SLE (SLEDAI > 5), damage (SDI > 1), and elevated cardiovascular risk (hs-
CRP > 3) for participants with greater adherence to the Med Diet (6—10 points) versus
those with poorer adherence (< 5 points, the reference category) in separate models —
one unadjusted and the other after adjusting for the aforementioned confounding factors;

p values < 0.05 were considered statistically significant.

Results

The mean age of the study participants was 46.9 + 12.85 years and the majority (90.4%)
were female. The main characteristics of the participants according to their Med Diet
adherence category are shown in Table 1. Most participants had a medium (43.2%) or
high (51.1%) adherence to the Med Diet, and there were significant differences in the
study variables according to these adherence categories. Firstly, participants with high
Med Diet adherence had better anthropometric data profiles, including lower BMIs and
fat mass percentages compared to the medium and low adherence categories (p = 0.001
and p = 0.002, respectively). In terms of CVD risk factors, obesity was significantly
linked to Med Diet adherence (p = 0.026): patients with very low adherence (< 5 points)
had the highest percentage of obesity (37.5%). There were also significant differences in
the TG (p = 0.003), Hey (p = 0.021), and albumin (p = 0.042) laboratory parameters and

Med Diet adherence categories (Table 1). Interestingly, the association with TG was also

13
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evidenced when Med Diet adherence was analysed according to the cut-offs for
dyslipidaemia (p=0.001, Table 1). No associations were found for the remaining CVD
risk variables investigated, including the ABI. Interestingly, as shown in Table 1,
compared to the medium and high adherence groups, 62.5% of the patient group with the
poorest adherence to the Med Diet used corticoids (p = 0.0017) and at a higher dose (p=

0.002).

There were also significant differences in SLE activity and damage according to Med
Diet adherence (SLEDAI p <0.001 and SDI p <0.001; Table 1). However, except for
discoid rash, no significant associations were found between Med diet adherence and the
different SLE clinical manifestations (Table 1). Similarly, the linear regression analyses
revealed inverse relationships between Med Diet score and SLEDAI (p>0.001;
£=-0.380, 95% CI [-0.464, —0.296]); SDI (p <0.001; f=-0.740, 95% CI [—0.938,
—0.542]); and hs-CRP (p = 0.039; p=—-0.055, 95% CI [—0.108, —0.003]) after adjusting
for age, sex, smoking status, medical treatments, and BMI (Table 2). When the clinical

manifestations were considered independently, no significant associations were observed.

To further investigate the relationship between the Med Diet and SLE clinical parameters,
we tested multiple logistic regression models with polynomial contrasts. An inverse
association between adherence to the Med Diet and the risk of having active SLE
(SLEDAI > 5) or the presence of damage (SDI > 1) was demonstrated (p <0.001 in both
cases; Table 3); these associations persisted after adjusting for confounding factors (age,
sex, smoking status, medical treatment, and BMI). The SLE patients with the highest Med
Diet adherence scores (> 10) had the lowest OR for active SLE (SLEDAI > 5) and the
presence of damage (SDI > 1) in both unadjusted (OR: 0.06; 95% CI [0.20, —1.71]; and
OR: 0.05; 95% CI [0.006, —0.36], respectively) and adjusted models (OR: 0.13; 95% CI

[0.04, —0.50]; and OR: 0.04; 95% CI [0.005, —0.352], respectively), as illustrated in Table

14
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3. No significant interactions were found between hs-CRP levels and the risk of having

active SLE or damage.

Finally, the consumption of specific Med Diet items was analysed according to the
presence of active SLE or damage (Table 4). As can be observed, significant differences
were observed for several items, with lower consumption of olive oil, vegetables/day,
fruit, legumes, fish, nuts, and sofiito seen among patients with active SLE or higher
damage scores (Table 4). Conversely, these patients reported a greater consumption of

red meat or meat product, in addition to commercial sugary foods and pastries.

Discussion

This study assessed, for the first time, the association between adherence to the Med Diet
and SLE activity, damage accrual, and CVD risk markers in a well-characterised
population of patients with SLE. Our results revealed that SLE patients with higher Med
Diet adherence scores had better anthropometric profiles and serum levels of
cardiovascular risk and/or inflammatory markers, including hs-CRP, Hcy, TGs, and

albumin.

To date, the relationships between the Med Diet and other autoimmune diseases have
only been investigated for RA, MS, and osteoarthritis. In agreement with our findings for
SLE, the Med Diet has been associated with reduced inflammatory disease activity and
increased physical function and vitality in RA sufferers (35). Similarly, a recent
systematic review concluded that using the Med Diet to prevent RA could be beneficial
(10). In addition, in a large population of patients with osteoarthritis, greater adherence

to the Med Diet was associated with a better quality of life, less pain and disability, and
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fewer symptoms of depression (36). It has also been suggested that adherence to the Med

Diet may decrease the risk of disease in MS patients (9).

The molecular mechanisms by which the Med Diet exerts these beneficial effects are still
poorly understood. Growing evidence suggests that the microbiota plays a role in SLE
(37-39). Indeed, dietary changes are known to affect both the composition and function
of the gut microbial communities, which could play a role in the pathogenesis of SLE
(37). The gut microbiota of SLE patients has been associated with an imbalance in the
proportions of T helper 17 (Th17) and Treg cells (39), as well as the development of
antinuclear antibodies (38). In addition, the ratio of Firmicutes to Bacteroidetes is reduced
in SLE patients, which has been related to several inflammatory diseases (40). Molecular
mimicry and the ability of some proteins to bind to B and T cells activating immune
responses may be another mechanism that could play an important role in gut microbes
inducing autoimmunity (40). For these reasons, gut microbiota influenced by dietary

changes may play a role in the course of SLE.

The modulation of inflammatory processes may also be an important factor explaining
the benefits of the Med Diet in patients with autoimmune diseases (41,42). The presence
of olive oil, certain nutrients like omega 3, carotenoids, and vitamin C, and non-
nutritional foods in the Med Diet, could modulate inflammation both acutely and
chronically (43). In this study, we have found that adherence to the Med Diet by SLE
patients is linked to reduced levels of certain inflammatory biomarkers, including hs-CRP
and Hcy, which are related to increased cardiovascular risk (44). This is in line with
previous studies in which the Med Diet, or similar high-quality dietary patterns, have
been associated with reduced levels of pro-inflammatory markers in the general
population (45), as well as in individuals with inflammatory conditions, such as

osteoarthritis (46) or RA (42). However, adherence to Med Diet was not associated with
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SLE specific inflammatory markers such as DNA-Abs, C3 or C4 when they were
considered independently. Thus, it would be possible that SLE activity and accumulated
damage measured by SLEDAI and SLICC, could be influenced by mechanisms of
secondary non-specific inflammatory injury. Further studies would be necessary to

investigate this issue.

Another potential benefit of good adherence to the Med Diet for SLE patients could be
reduced cardiovascular risk, thanks to its indirect effects on metabolic factors. Our
findings reveal a better lipid profile, BMI, and fat mass percentage, and a lower
prevalence of obesity in patients with high Med Diet adherence scores. In context, other
studies have reported an independent association between obesity and worse SLE disease
activity, suggesting that body weight and adiposity may also influence SLE outcomes

(47.48).

On the other hand, our findings reveal that consuming certain components of the Med
Diet, such as olive oil, fruits, vegetables, sofrito, legumes, fish, and nuts, as well as
abstaining from red meats, meat products, sugary foods, and pastries, is associated with
a lower SLEDALI score. Similar results have been described for obesity (5), metabolic
syndrome (4), and in relation to hs-CRP serum levels (49) . These findings agree with the
hypothesis that not all the components of the Med Diet are likely to provide the same
level of protection (50); it appears that olive oil, fruits, vegetables (dietary fibre), and fish

are the most protective factors in the Med Diet (51).

Taken together, our preliminary results suggest that adherence to the Med Diet influences
disease activity, damage accrual, and cardiovascular risk factors in SLE patients. These
effects might be mediated through changes in the immune system, inflammatory markers,

and other CVD risk factors that affect the course and prognosis of SLE. Thus, along with
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their usual medical treatment, SLE patients would benefit from nutritional counselling
and education on modification, to help adapt their lifestyles towards the Med Diet pattern.
This would help slow the progression of SLE and the damage it causes, and reduce the

CVD risks associated with the disease.

This study has certain potential limitations. Firstly, because of its cross-sectional design,
no causal conclusions can be drawn. In this context, possible relationships between Med
Diet adherence and cumulative doses of medication, especially steroids and
immunosuppressive drugs, has not been analysed. Past doses of these drugs could indicate
lower disease severity, which may influence the results. Longitudinal studies that gather
data over a prolonged period, as well as interventional studies, are therefore necessary to
confirm the effect of the Med Diet on SLE. The main strength of this study is that it is the
first to assess the impact of an anti-inflammatory dietary pattern like the Med Diet on
SLE. Our study comprised a well-characterised cohort of individuals with SLE, including
early-stage patients and excluding those with lupus flare-ups or other associated
autoimmune conditions. Another important strength is that we considered the use of
medication (including antimalarials, immunosuppressors, and corticosteroids), age, sex,

smoking status, and BMI, which may all influence the results.

In conclusion, greater adherence to the Med Diet positively impacts SLE disease activity,
damage accrual, and cardiovascular risk, and there is a relationship between this diet
pattern and the course of SLE. Considering the high risk of CVD and other comorbidities
in SLE, high-quality anti-inflammatory dietary patterns may play a role in disease
management. However, further longitudinal studies on SLE patients, including dietary

intervention trials, are needed to confirm our preliminary findings.
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Table 1. Baseline and clinical characteristics of SLE patients according to scores of

Med Diet adherence.
MedDiet Adherence <5 6-9 >10 P
n(%) 16 (5.71) 121 (43.21) 143 (51.1)
Females n (%) 16 (100) 11 (90.90) 127 (88.81) 0.343
Age (years) 38.63+9.75 46.33 £13.47 28.29+12.86 0.14
Anthropometric data and energy intake
Weight (Kg) 71.72 +26.46 69.37 + 14.65 68.01 +14.97 0.585
Height (m) 1.57+0.06 1.61 +0.07 1.62 £ 0.08 0.043
BMI (kg/m?) 31.45+791 26.44 +4.78 25.90+5.44 0.001
Fat mass percentage 38.54+7.85 34.96 £8.15 32.84+9.01 0.002
Total energy intake (kcal/day) 1921.43 +578.55 1848.45+513.33 1704.96 + 486.23 0.037
Cardiovascular risk factors
Hypertension n (%) 5(31.25) 37 (30.58) 44 (30.76) 0.998
Diabetes n (%) 1(6.25) 5(4.13) 4(2.79) 0.707
Obesity n (%) 6(37.5) 25 (20.66) 29 (20.27) 0.026
Dyslipidemia n (%) 7 (43.75) 42 (34.71) 51(35.6) 0.788
TC (mg/dL) 183.33 £35.55 185.55 +41.24 183.41 +44.95 0918
TC (high) n (%) 4 (25) 43 (36.13) 46 (32.17) 0.605
TG (mg/dL) 128.29 +49.80 108.80 = 58.43 91.64 +43.90 0.003
TG (high) n (%) 6(37.5) 15 (12.7) 10 (7) 0.001
HDL-C (mg/dL) 54.60 +17.70 56.54 £ 14.26 59.10£17.07 0314
HDL-C (low) n % 4(25) 14 (11.7) 11 (7.74) 0.085
LDL-C (mg/dL) 103.44 +38.23 108.87 +33.56 107.59 +33.59 0.823
LDL-C (high) n (%) 9 (56.25) 68 (57.14) 79 (55.24) 0.954
SBP (mmHg) 115.40 + 14.89 122.54 £18.13 118.74 +£19.35 0.485
DBP (mmHg) 83.2+11.63 81.54+10.11 85.75+22.25 0.471
ABI 0.98+0.15 1.01+0.13 1.01 £0.12 0.760
Clinical data
SLE duration (years) 8.75+7.09 9.62 £7.06 8.61+6.17 0.352
Number of complications 3.5+£0.97 3.58+1.39 320+ 1.31 0.201
SLEDALI® score 525+2.75 3.79+2.87 1.44+1.78 <0.001
SDI score 2.06+2.14 1.31+1.33 0.56 +0.78 <0.001
hsCRP (mg/dL) 3.95+4.73 3.92+6.29 2.38+2.85 0.089
Hey (pmol/L) 12.95+4.31 13.81+10.14 11.30 +4.02 0.021
Anti-dsDNA (IU/mL) 21.24 +27.55 21.92 +38.17 14.82 +36.44 0.628
Complement C3 level (mg/dL) 123.59 + 36.94 107.55 +27.30 108.34 +27.61 0.248
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Complement C4 level (mg/dL) 23.43+9.33 20.93 +13.90 24.27+19.59
WBC count (x 1000/uL) 6010.43 +3162.83 5784.89 +2287.03 5623.30 +2070.90
Platelet count (x 1000/uL) 247062 + 94095 232585 + 76841 220955 + 63854
ESR (mm/hour) 23.75+19.57 20.05 + 16.95 17.44 +£13.30
Hb level (g/dl) 13.23+1.28 13.27+1.29 14.53 £9.31
Albumin (g/dl) 3.81+£0.36 4.03+0.38 4.15+0.37
Fibrinogen (mg/dl) 345.32 + 66.64 348.59 +82.02 339.78 +85.56
SLE Clinical manifestations

Nephritis (n%) 5(31.25) 29 (25.66) 33(23.91)
Serositis n (%) 2 (12.5) 9 (8) 21(15.22)
Arthritis n (%) 7 (43.75) 66 (58.4) 76 (55.07)
Oral ulcers n (%) 8 (50) 63 (55.75) 67 (48.55)
Malar rash n (%) 10 (62.5) 64 (56.63) 71 (51.44)
Discoid rash n(%) 1(6.25) 24 (21.23) 10 (7.24)
CNS n (%) 1(6.25) 18 (15.93) 15 (10.9)
Thrombocytopenia n (%) 3 (18.75) 20 (17.7) 18 (13.04)
Lymphopenia n (%) 9 (56.25) 76 (67.25) 77 (55.8)
Hemolytic anemia n (%) 1(6.25) 10 (8.85) 8(5.79)
Medication used

Antimalarial use n (%) 14 (87.5) 89 (74.16) 119 (84.04)
Immunosuppressor use n (%) 7 (43.75) 54 (45) 43 (30.06)
Corticoid use n (%) 10 (62.5) 51(42.5) 49 (34.26)

0.519
0.841
0.431
0.325
0.344
0.042
0.916

0.801
0.212
0.526
0.520
0.567
0.003
0.354
0.552
0.169
0.639

0.139
0.087
0.017

Data are expressed as mean and range or frequency and percentage.

*One-way ANOVA tests (continuous variables) or chi squared tests (categorical variables).

2 SLEDAI, SDI, Antids-DNA, complement C3 and C4, hs-CRP, homocysteine and fibrinogen were

adjusted by age, sex, medical treatment (immunosuppressor, corticoid and antimalarial use), smoking status

and BMI.

BMI= body mass index; SLE= systemic lupus eritematosus; SLEDAI= systemic lupus erythematosus

disease activity index; SDI = damage index for systemic lupus erythematosus; hsCRP= high-sensitivity C-

reactive protein; Anti-dsDNA= Anti-double stranded DNA antibodies; Hcy= homocysteine; WBC= white

blood cells ; ESR= erythrocyte sedimentation rate; Hb= hemoglobin; TC = total cholesterol; TG =

triglycerides; HDL= high density lipoprotein; LDL= low density lipoprotein; SBP= Systolic blood

pressure; DBP= diastolic blood pressure; ABI= ankle brachial index; CNS= central nervous system.

Data are expressed as mean and range or frequency and percentage.
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Table 2. Analysis of the relationship between clinical disease variables and
inflammatory markers with the Med Diet adherence scores

Mediterranean diet adherence (continuous)
Clinical parameters

B (95% CI) p value
SLE duration (years) -0.025 (-0.063. 0.014) 0.208
Number of complications 0.367 (-0.105. 0.840) 0.127
SLEDALI score -0.380 (-0.464. -0.296) <0.001
SDI score -0.740 (-0.938. -0.542) <0.001
hsCRP (mg/dL) -0.055 (-0.108. -0.003) 0.039
Hcy (umol/L) -0.033 (-0.071. 0.006) 0.093
Anti-dsDNA (IU/mL) -0.002 (-0.009. 0.005) 0.553
Complement C3 level (mg/dL) -0.006 (-0.015. 0.004) 0.251
Complement C4 level (mg/dL) 0.011 (-0.004. 0.026) 0.139

SLE= systemic lupus eritematosus; SLEDAI= systemic lupus erythematosus disease activity index; SDI =
damage index for systemic lupus erythematosus; hsCRP= high-sensitivity C-reactive protein; Anti-
dsDNA= Anti-double stranded DNA antibodies; Hcy= homocysteine

Data were adjusted by age, sex, medical treatment (immunosuppressor. corticoid and antimalarial use),

smoking status and body mass index (BMI).
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Table 3. Analysis of the association between adherence to the Med Diet and the risk

of having active SLE (SLEDAI > 5) or damage presence.

Mediterranean diet adherence

(ref)

6-9

>10

OR (95% CI)

p value

Active SLE® (unadjusted model)
Adjusted OR

Damage presence® (unadjusted model)
Adjusted ORP

hsCRP! >3

Adjusted ORP

1

1

0.37 (0.35 —2.98)
0.75 (0.22 - 2.55)
0.11 (0.014 — 0.85)
0.09 (0.01 - 0.87)
1.01 (0.35 —2.98)

2.21 (0.55 — 8.86)

0.06 (0.20 — 1.71)
0.13 (0.04 - 0.50)
0.05 (0.006 — 0.36)
0.04 (0.005 — 0.352)
0.58 (0.20 — 1.71)

1.41 (0.35-5.75)

<0.001

<0.001

<0.001

<0.001

0.102

0.230

* Active Systemic Lupus Erythematosus, defined by SLEDAI > 5. SLEDAI= systemic lupus erythematosus

disease activity index

® Adjusted OR by age, sex, smoking status and medical treatment (immunosuppressor. corticoid and

antimalarial use) and body mass index (BMI).

¢ Damage presence was defined by an SDI > 1. SDI = damage index for systemic lupus erythematosus.

4 hs-CRP = high sensivity C- reactive protein.
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Table 4. Fulfillment of the specific Mediterranean Diet items according to disease

activity and damage accrual categories in systemic lupus erythematosus patients.

Active Inactive Damage No
Mediterranean diet items bupus bupus p presence damage P
(SLEDAI>  (SLEDAI (SDI>1)  (SDI=0)
5) <5)
Using olive oil as main culinary fat (%) 91.4 99.5 <0.001 96.6 99.2 0.135
>4 spoons/day of olive oil/day (%) 94.8 98.6 0.081 96.6 99.2 0.306
>2 servings/day of vegetables (%) 17.2 55.4 <0.001 34.9 61.8 <0.001
>3 fruit units/day (%) 31 49.6 0.012 43.0 48.9 0.323
< 1 serving/day of red meat. hamburger 72.4 92.3 <0.001 84.6 92.4 0.043
or meat products (%)
<I serving/day of butter. margarine or 82.8 90.1 0.118 85.9 91.6 0.135
cream (%)
<l serving/day of sweetened or 72.4 72.8 0.476 70.5 85.5 0.004
carbonated beverages (%)
Moderate wine consumption (%) 1.7 9 0.081 5.4 9.9 0.149
> 3 servings of legumes/week (%) 43.1 67.1 0.001 41.6 66.4 0.167
> 3 servings of fish/week (%) 25.9 42.8 0.019 36.2 42.7 0.266
<2 times/week of commercial sweets or 50 64.9 0.038 52.3 72.5 0.001
patries (%)
> 3 servings of nuts/week (%) 20.7 46.4 <0.001 35.6 473 0.046
Preferring white meat over red meat (%) 82.8 95 0.002 89.3 96.2 0.028
> 2 times/week seasoning dishes with 68.9 87.8 <0.001 77.2 91.6 0.001

sofrito (tomato. pepper and garlic-based

sauce)

SLEDAI= systemic lupus erythematosus disease activity index; SDI = damage index for systemic lupus

erythematosus.
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Analisis de la influencia de la alimentacion en el Lupus Eritematoso Sistemico (LES)

El trabajo dela presente Tesis doctoral se ha centrado en el analisis
del patron de alimentacion, en especial de la Dieta Mediterranea, y su
relacion con diferentes aspectos clinicos del LES (pronostico, progresion
o riesgos asociados). A pesar de que, en los ultimos anos se ha venido
estudiando con mayor profundidad el impacto de la dieta en el desarrollo
y progresion de enfermedades inflamatorias y autoinmunes, sobre todo
en entidades como la artritis reumatoide, es cierto que la evidencia
cientifica sigue siendo escasa y controvertida en relacion al LES. En
concreto, con respecto ala dieta mediterranea, no existe ningun estudio
que a la fecha haya investigado este patron de alimentacion tradicional,
tan presente en la poblacion espanola, con la progresion y dano en el
LES.

El avance en el conocimiento de nuevas estrategias terapéuticas
mas alla de la farmacoterapia que ayuden a disminuir el deterioro y la
progresion del LES y de otras enfermedades autoinmunes es de gran
relevancia. Actualmente, el manejo de los pacientes se centra en el
control de los sintomas, a través del uso de agentes inmunosupresores
y corticoides que traen consigo también, un gran numero de efectos
secundarios. La educacion nutricional y el apoyo del paciente mediante
modificaciones en el estilo de vida, entre ellos, el tipo de dieta podria
contribuir positivamente en el curso de esta enfermedad y otras
patologias autoinmunes. A continuacion, se resumen y discuten los
resultados mas relevantes obtenidos de los siete trabajos que conforman

la presente Tesis Doctoral.



V. Resumen de resultados y discusion

1. Evaluacion de los habitos alimentarios y el
estado nutricional de los pacientes con LES

(publicacion 1)

En el LES,la evidencia de estudios de pacientes y modelos animales
sugiere que una dieta equilibrada alta en fitonutrientes y acidos grasos
mono / poliinsaturados, puede proteger contra el dano tisulary suprimir
la actividad inflamatoria, ademas de prevenir el sobrepeso y el riesgo
cardiovascular, complicacion mas comun (Elkan et al., 2012; Klack et al.,
2012).

Sin embargo, en la mayoria de los paises hay un conocimiento
muy limitado sobre los patrones y la adecuacion nutricional de la dieta
de los pacientes con LES y ala fecha ninguno de ellos ha sido realizado en
poblacion espanola. Por ello, se planteé evaluar por primera vez en una
poblacion de LES espanola el estado nutricional ylos habitos alimentarios
en comparacion con la poblacion espanola sana.

Nuestros resultados evidenciaron que, el patron dietético en
pacientes con LES se caracteriza por una baja ingesta de carbohidratos
/ fibra y una alta ingesta de proteinas / grasas. Este patron es similar
a la poblacion sana de referencia. Ademas, la mayoria de los pacientes
no alcanzaron las recomendaciones de ingesta de micronutrientes con
papel regulador a nivel inmunologico como hierro (88%), calcio (65,2%),
iodo (92,4%), potasio (73,9%), magnesio (65%), folato (72,8%), vitamina E
(87%) v D (82,6%) mientras que excedieron las de sodio y fosforo.

Estos resultados coinciden con los previamente reportados en una
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poblacion sueca en la que se encontro que los pacientes con LES llevaban
un patron de alimentacion occidental, con alta ingesta de hidratos de
carbono, pero baja en grasas poliinsaturadas omega 3 y omega 6y fibra
dietética (dos Santos, Borges, Correia, Telles, & Lanna, 2010; Elkan et
al., 2012). En poblacion brasilena, se observo también que los pacientes
con LES mantenian una ingesta elevada de grasas saturadas y refinadas
(Borges et al., 2012).

Con respecto al estado nutricional, se encontré una muy baja
prevalencia de desnutricion, pero una alta prevalencia de sobrepeso y
obesidad. El IMC fue normal en un 53,26 % de los pacientes mientras
que el 43,48% se ubico en categorias de sobrepeso/obesidad, similar a
estudios previos (Borges et al., 2012; dos Santos et al., 2010) en los que el
porcentaje de pacientes con sobrepeso se estima entre el 35,3% v 35,0% y
obesidad de 27,7% a 28,3%.

Dos estudios mas recientes posteriores a la publicacion de estos
hallazgos, aportan también informacion relevante (Meza-Meza et al.,
2019; Petri¢ et al., 2020), El primero, en poblaciéon mexicana, de forma
similar a nuestros resultados revela que los pacientes con LES tienen un
consumo deficiente de grasas esenciales omega 3 y omega 6 asi como de
vitaminas, A, D, Ky vitamina E acompanado de un consumo elevado de
grasas saturadas, minerales como sodio, fosforo y otros como magnesio
y selenio. Este mismo estudio encontro un 38,46% v 31,54% de casos de
sobrepeso y obesidad respectivamente dentro de la poblacion con LES

estudiada (Meza-Meza et al., 2019).

Otro estudio, publicado este mismo ano 2020 en pacientes

croatas, revel6 que la mayoria tenia un indice de masa corporal normal
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de 18,5-25 kg/m2, siendo los alimentos consumidos con mas frecuencia
frutas, leche, verduras, carne, pasta, arroz y pan (Petri¢ et al., 2020). Se
observo también que los habitos alimenticios pueden influir en el curso
de la enfermedad, de hecho, tanto el complemento C3y C4, predictores
de la actividad de la enfermedad se vieron disminuidos en pacientes que
llevaban una dieta alta en carne y comida rapida (Petri¢ et al., 2020).

Por lo tanto, nuestros resultados, unidos a los observados en
diversos estudios independientes respaldan el hecho de que el patron de
dieta en pacientes con LES se caracteriza por ser de tipo occidental, con
bajaingesta de fibra dietética, grasas antiinflamatorias y micronutrientes
esenciales, asi como alta ingesta de carnes y grasas refinadas. Teniendo
en cuenta el alto riesgo de malnutricion, infecciones, osteoporosis y
enfermedades cardiovasculares en el LES, es necesario considerar el
asesoramiento dietético para ayudar a mejorar los habitos nutricionales
en estos pacientes como una estrategia importante en el tratamiento de

la enfermedad.

2. Relacion entre la calidad de la dieta, riesgo
cardiovascular y marcadores de inflamacién en

pacientes con LES (publicaciones 2y 3)

Los pacientes con LES tienen un mayor riesgo de desarrollar
enfermedad cardiovascular (ECV) que el esperado para la poblacion
general y de hecho diversos estudios han encontrado que las ECV son
actualmente la principal causa de muerte en pacientes con LES (Abu-
Shakra & Novack, 2012; McMahon et al., 2011; Ocampo-Piraquive et al.,
2018). La aterosclerosis precoz o subclinica presente en el LES unida

a los factores tradicionales de riesgo cardiovascular (dislipidemia,
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tabaquismo, hipertension, obesidad, glucemia), junto con la actividad
de la enfermedad, factores inmunoldgicos y los mualtiples tratamientos
farmacologicos constituirian la fisiopatogenia del mayor riesgo

cardiovascular presente en estos pacientes (Bugata et al., 2018).

Se sabe que la alimentacion esta estrechamente ligada al control
de la inflamacion cronica y de bajo grado, y que, por tanto, podria tener
que ver con un mayor riesgo cardiovascular. Esta inflamacion cronica
esta asociada a patrones de alimentacion occidentales “Western-like”
(Minihane et al., 2015) caracterizados por ser ricos en almidones o
harinas refinadas, aztcar, sal y acidos grasos saturados/trans y con poca
participacion de alimentos de alta densidad nutricional como frutas,
verduras y granos enteros que aportan fibra dietética, fitonutrientes
ademas de pescados y grasas de calidad. Este tipo de alimentacion que
coincide con la presencia de alimentos procesados, aumentaria el estado

de inflamacion del organismo (Casas et al., 2016).

Por ello, en el marco de esta tesis doctoral se investigo el papel de
la dieta y de ciertos factores nutricionales sobre el estado inflamatorio
en pacientes con LES. La inflamacion y el riesgo cardiovascular se
pueden medir mediante diversas herramientas y marcadores, como
los niveles en sangre de lipidos, glucosa, proteina C reactiva (PCR), la
homocisteina o el fibrindgeno. Por otra parte, se han desarrollado
diferentes instrumentos con el objeto de determinar la calidad de la

dietay su capacidad antiinflamatoria.

El indice Inflamatorio de la Dieta, (Dietary Inflammatory Index, por
sus siglas en inglés, IID®), es una herramienta desarrollada v validada

para evaluar el potencial inflamatorio de la dieta general de un individuo
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(Shivappa, Steck, Hurley, Hussey, & Hébert, 2014) basado enla puntuacion
individual de alimentos altos en antioxidantes y con propiedades
antiinflamatorias (principalmente frutas, verduras, hierbas) y teniendo
en cuenta también aquellos que podrian influir negativamente como el
alcohol. Un IID® elevado corresponderia a una dieta proinflamatoria,
y estaria relacionada con un aumento de los factores de riesgo
cardiovascular y aumento de marcadores proinflamatorios (Ruiz-Canela
et al., 2015; Shivappa et al., 2015). En base a esta herramienta se planted
investigar este indice en pacientes con LES. Los resultados obtenidos
revelaron que, un IID® elevado (dieta proinflamatoria) se asocia con un
perfil lipidico menos favorable en pacientes con LES con aumento de
los niveles de colesterol total. Hasta donde conocemos, por el momento
no se ha publicado ningtn estudio que hayan analizado el IID® en otras
enfermedades autoinmunes ni en otra cohorte de pacientes con LES.
Sin embargo, en otras condiciones como la obesidad, un IID® més alto
se asocia con perfiles de lipidos alterados tal y como hemos observado
en los pacientes con LES (Camargo-Ramos, Correa-Bautista, Correa-
Rodriguez, & Ramirez-Vélez, 2017; Neufcourt et al., 2015; Sokol et al.,
2016). En nuestro estudio, no se encontraron asociaciones significativas
entre el IID y marcadores de inflamacion como la PCR o los valores
de homocisteina, sin embargo, de acuerdo a publicaciones previas, es
posible que la complejidad del medio inflamatorio caracteristico del
LES pueda ejercer una gran influencia sobre los biomarcadores de
inflamacion los cuales no serian modificables por la dieta tan facilmente
(Pohl & Benseler, 2013; Rezaieyazdi et al., 2011).

Teniendo en cuenta que estudios previos habian establecido una
importante relacion entre la dieta y los niveles de PCR en individuos
sanos (Neale, Batterham, & Tapsell, 2016; Smidowicz & Regula, 2015),

84



se planteo la hipotesis de que una dieta de alta calidad (rica en fibray
grasas buenas, vitaminas, minerales y fitoquimicos antioxidantes) podria
atenuar el proceso inflamatorio subyacente al LES, disminuyendo los
niveles séricos de PCR, como marcador de inflamacion.

Para ello, ademas de la ingesta de macro y micronutrientes se
estim6 también el Indice antioxidante de la dieta (Dietary Antioxidant
Quality Score, DAQs, por sus siglas en inglés) para medir la capacidad
antioxidante de la dieta y su relacion con los valores séricos de PCR en
pacientes con LES. Los resultados revelaron que no existia asociacion
significativa entre éstos y los niveles de PCR. Cabe destacar que estudios
previos han relacionado de formaimportante laingesta de fibra dietéticay
otros minerales como el magnesio conlos niveles de PCR, tanto en sujetos
sanos (Dibaba, Xun, & He, 2014), como en pacientes con condiciones
inflamatorias como el sindrome metabdlico y la diabetes mellitus 2 (S.
Bo et al., 2006). Sin embargo, los pacientes con LES incluidos tenian una
alimentacion muy baja en fibra y micronutrientes antioxidantes, lo cual
también podria explicar la falta de una correlacion significativa entre los
indices evaluados, factores dietéticos y los niveles séricos de PCR en el
LES.

Es de destacar, que a la fecha no existen estudios previos que
correlacionen los niveles de PCR con la ingesta dietética o factores
dietéticos en el LES. En otras enfermedades autoinmunes como la AR,
los resultados no son claros. Coincidiendo con nuestros resultados,
Hejaziy colaboradores no encontraron una asociacion significativa entre
la ingesta de nutrientes y la actividad de la enfermedad y marcadores
inflamatorios como la PCR (Hejazi, Mohtadinia, Kolahi, Bakhtiyari, &

Delpisheh, 2011). Un importante metaanalisis revela que a pesar de que
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existen evidencias sobre la relacion entre algunos elementos de la dietay
su efecto antiinflamatorio, se necesitarian mas estudios para confirmar
los resultados en la AR (Gonzalez Cernadas, Rodriguez-Romero, &

Carballo-Costa, 2014).

Sin embargo, tal y como se comenta en lineas anteriores resulta
curioso como los resultados evidencian que, en poblacion sana, la dieta
puede tener un importante impacto en la inflamacion y en concreto en
los niveles de PCR. No obstante, teniendo en cuenta que en el LES asi
como en otras entidades autoinmunes sistémicas existe una importante
inflamacion de base, es posible que la influencia de la dieta sobre los
niveles de PCR pueda no ser tan relevante en este tipo de pacientes. Esta
posibilidad también explicaria la falta de asociacion entre la ingesta de
nutrientes y antioxidantes y el potencial inflamatorio de la dieta (IID®) y

los niveles de PCR en pacientes con LES.

3. Influencia del estado nutricional de los
pacientes con LES sobre los marcadores de
inflamacion, indices de actividad (SLEDAI) y daino

(SDI) (publicaciones 4, 5y 6)

Junto con el proceso de autoinmunidad caracteristico del LES,
se sabe que la inflamacion cronica de bajo grado es uno de los factores
que mas podria impactar en el desarrollo de aterosclerosis temprana, el
principal mecanismo responsable del mayor riesgo cardiovascular en los

pacientes con LES (Bugata et al., 2018).

Existen varios indicadores, que ademas de permitir dilucidar la
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presencia de inflamacion también podrian estar relacionados con la
actividad delaenfermedadyelriesgo cardiovascular en pacientes con LES.
Los niveles de PCR participarian activamente en la respuesta sistémica
a la inflamacion, y suelen estar elevados en condiciones inflamatorias
cronicas, incluyendo procesos de autoinmunidad, reumatismo y ECV
[240], en los que ademas estos podrian representar un indicador de los
brotes y de la actividad de la enfermedad [35]. Por otro lado, los niveles
altos de homocisteina (Hcy), parecen asociarse con disfuncion endotelial
y un mayor riesgo cardiovascular (Schaffer et al., 2014; Wierzbicki, 2007).
Tanto los niveles de PCR como los de Hcy suelen estar elevados en los
pacientes con LES sin embargo su correlacion con la actividad de la
enfermedad, el riesgo cardiovascular o el estado nutricional en estos
pacientes aun es inconclusa (Barnes et al., 2005; Diletta Bonciani et al.,
n.d.).

Nuestros resultados muestran que los niveles de PCR, pero no
de Hcy, se correlacionaron significativamente con la actividad de LES
medida a través de los titulos SLEDAI y anti-dsDNA y con la puntuacion
de dano, que se estim6 por SDI. Sin embargo, tanto los niveles de PCR
como de Hcy se correlacionaron significativamente con un mayor riesgo

cardiovascular en los pacientes con LES.

En cuanto al estado nutricional, en nuestro estudio, los niveles
de PCR se relacionaron positivamente con alteraciones en el perfil de
lipidos, diabetes, obesidad y el IMC. Ademas, valores de PCR > 3.0 mg/L se
correlacionaron con alteraciones en el perfil de lipidos (niveles mayores
de TG, HDL-C bajo, y ratios TC/HDL-C, TG/HDL-C e indice aterogénico
(AIP) no favorables). Estos hallazgos coinciden con los previamente

reportados por Mok y colaboradores quienes observaron una relacion de
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los valores de PCR con un perfil de lipidos mas aterogénico y la presencia
de diabetes (C. C. Mok, Birmingham, Ho, Hebert, & Rovin, 2013). En
concordancia con nuestros resultados, la obesidad y el peso corporal
también se han asociado previamente con marcadores de inflamacion
como la PCR en pacientes con LES (Barnes et al., 2005; Oeser, Chung,
Asanuma, Avalos, & Stein, 2005). Por lo tanto, un cambio de habitos de
vida que permitan el mantenimiento de un peso saludable y niveles
optimos de lipidos deberia ser una estrategia a considerar como una
medida adicional encaminada a reducir los niveles de inflamacion y el
riesgo cardiovascular entre los pacientes con LES.

En cuanto a la homocisteina es muy interesante destacar que la
media de los niveles en nuestro estudio (14.1 wmol / L) se encontraba
cerca del limite superior del rango de normalidad, coincidiendo con
trabajos previos en los que se ha descrito ampliamente este hallazgo
en pacientes con LES (Martinez-Berriotxoa, Ruiz-Irastorza, Egurbide
Arberas, Rueda Gutiérrez, & Aguirre Errasti, 2003; McMahon et al.,
2014; Sabio et al., 2014). Los niveles de Hcy también se correlacionaron
significativamente con los niveles séricos totales de TG, las relaciones
TC / HDL-C y TG / HDL-C y el indice AIP, coincidiendo con la evidencia
previa (Martinez-Berriotxoa et al., 2003; McMahon et al., 2014; Sabio et
al., 2014). La relacion entre la homocisteina y el perfil de lipidos podria
deberse a su accion sobre la actividad del higado, lo cual podria influir
en la produccion de lipoproteinas (Jakubowski & Gtowacki, 2011). En
nuestro estudio, no se observo relacion entre los niveles de homocisteina
y la actividad de la enfermedad, en contraposicion a estudios previos (D.
Bonciani et al., 2016; Xiao-Jie Ding, Yan Chen, Xi Duan, Li Wang, 2019)
que han reportado una posible asociacion entre ambos, otorgando
también a los valores de Hcy un posible papel predictor de la actividad
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de la enfermedad. No obstante, un metaanalisis muy reciente en el que
se estudio a profundidad el papel de la Hey en el LES postula que los
niveles de Hey podrian ejercer un importante impacto en la patogenia de
la enfermedad y que incluso podrian ser un factor desencadenante de la
misma en individuos genéticamente susceptibles que presentan valores
significativamente mas altos en sangre, sin embargo se requieren mas
estudios para dilucidar su papel como indicador de la actividad de la
enfermedad (Sam et al., 2020).

Es de destacar que la dietay sobre todo la ingesta proteica parecen
tener un importante impacto en los niveles homocisteina en sangre. En
estesentido, sehaobservado que, ensujetos conaltoriesgo cardiovascular,
una dieta alta en proteinas animales se asocia positivamente con altas
concentraciones de Hey (Xiao et al., 2013). Las dietas ricas en carnes, son
ricas en metionina, el principal precursor de la homocisteina (Tucker,
Selhub, Wilson, & Rosenberg, 1996). Adicionalmente se ha demostrado
que una mayor ingesta de grasas saturadas, presentes también en las
proteinas de origen animal esta relacionada con mayores concentraciones
plasmaticas de Hcy (Berstad et al., 2007)but the epidemiologic data are
sparse. Objective: We examined the association between dietary fat and
tHcy in a Norwegian population. Design: A cross-sectional, population-
based study of 5017 subjects in 2 age groups (47-49 and 71-74 y old. Es muy
interesante destacar ademas quelos resultados de grandes estudios como
el Framingham Heart Study y del Health Professionals Follow-up Study
mostraron que el consumo frecuente de frutas y verduras se encuentra
asociado con bajas concentraciones de Hey (Fung et al., 2001; Tucker et
al., 1996). En cuanto a la relacion encontrada entre los niveles de PCR y
los indicadores de actividad de la enfermedad (puntuacion SLEDAI-2K y
niveles de anti-dsDNA) y al indice de dano acumulado (SDI), cabe destacar
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que dicho hallazgo coincide ampliamente con diversos estudios previos
hechos en poblacion asiatica (C. C. Mok et al., 2013) y adicionalmente
con la reportada por Lee y colaboradores en poblacion norteamericana
(Lee, Singh, Link, & Petri, 2008) en la cual la asociacion entre los niveles
de PCR, la actividad de la enfermedad y el dano acumulado se mantuvo
independientemente de factores demograficos y el tratamiento médico.
Por ultimo, un estudio prospectivo que investiga el LES en una cohorte
multiétnica de Estados Unidos evidencido que la PCR se correlaciona
también con la actividad del lupus y varios dominios del indice de dano
(Bertoli, Vila, Reveille, Alarcon, & LUMINA Study Group, 2008). Un dato
muy interesante es el reportado por un estudio longitudinal realizado
durante 5 anos en el que se observo el importante impacto de la actividad
de la enfermedad en el nivel de acumulacion de danos en el LES durante
este tiempo (Stoll, Sutcliffe, Mach, Klaghofer, & Isenberg, 2004). Por lo
tanto, los resultados obtenidos en nuestro estudio en conjunto con la
evidencia previa indicarian que, en el LES, el dano acumulado parece
estar altamente influenciado por la propia actividad de la enfermedad
(Lee et al., 2008; Stoll et al., 2004). Teniendo en cuenta que los niveles de
PCR estarian altamente relacionados con la actividad de la enfermedad,
podriamos considerar ambos factores como posibles predictores del
dano en el LES, sin embargo, se necesitan mas estudios para confirmar
esta relacion.

Es importante considerar también que el estado nutricional
se ha relacionado ampliamente con la inmunidad del individuo. La
desnutricion o el déficit nutricional, por ejemplo, se correlacionan con
inmunosupresion y un mayor riesgo de infecciones, mientras que la
ingesta excesiva de alimentos o la obesidad se asocian con inflamacion
cronica de bajo grado, aumentando el riesgo de enfermedades
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metabolicas, cardiovasculares y autoinmunes (Alwarawrah, Kiernan, &

Maclver, 2018).

En general, los pacientes con LES pueden atravesar fatiga cronica,
alteraciones del estado de animo y la presencia de comorbilidades
que pueden conducir a cambios en el apetito y un mayor riesgo de
desnutricion (Everett et al., 2015). Por otra parte, se sabe que también
los tratamientos cronicos con corticoides y la inflamacion presente en el
LES podrian conducir a alteraciones endocrinas trayendo un consigo un

mayor riesgo de hiperglicemiay adiposidad (D. Liu et al., 2013).

La obesidad, particularmente a expensas de grasa abdominal o
visceral da como resultado un aumento de la resistencia a la insulina,
lo cual aumentaria los niveles de inflamacion, el riesgo de ECV y
otras complicaciones (Babio et al., 2009). En el LES la obesidad se ha
relacionado con un mayor riesgo de complicaciones clinicas y un mayor
riesgo cardiovascular por la aterosclerosis acelerada caracteristica de
estos pacientes (Rizk, Gheita, Nassef, & Abdallah, 2012).

En nuestro estudio, encontramos que los pacientes con LES que
son obesos tienen una mayor actividad de la enfermedad y acumulacion
de danos, medidas a través de los indices SLEDAI y SDI respectivamente
(publicacion 6). Ademas, los pacientes con obesidad presentaron
niveles mas elevados de marcadores de inflamacion como la PCR de
alta sensibilidad y niveles séricos de triglicéridos y de presion arterial
aumentados en comparacion con pacientes con LES con sobrepeso o

normopeso.



Estos datos coinciden con un estudio previo de grandes cohortes
en el cual se observa una asociacion independiente entre la obesidad y
peores puntuaciones de actividad del LES (Patterson, Schmajuk, Jafri,
Yazdany, & Katz, 2019; Teh, Zakhary, & Sandhu, 2019). Ademas, un estudio
realizado en mujeres premenopausicas brasileras con LES, encontro que
estas presentaban una tendencia al aumento importante de la adiposidad
visceral y que la misma se relacionaba con factores de riesgo tradicional
para ECV como los niveles de colesterol y PCR (Seguro, Paupitz, Caparbo,
Bonfa, & Pereira, 2018). Asi mismo un estudio publicado recientemente
en poblacion mexicana reportd que un IMC > 25 kg/m?se relaciona con
una puntuacion mas alta de actividad clinica y una mayor prevalencia
de actividad clinica en comparaciéon con pacientes con normopeso
(IMC 18,5-24,9) (Meza-Meza et al., 2019). Este mismo estudio encontro
un 38,46% vy 31,54% de casos de sobrepeso y obesidad respectivamente
dentro de la poblacion con LES estudiada (Meza-Meza et al., 2019).

La presencia de obesidad ha sido asociada con una mayor
actividad de la enfermedad (SLEDAI) (P., B., & A., 2018) y una mayor
necesidad de uso de esteroides (Teh et al., 2019). Adicionalmente, se ha
visto que existe una asociacion entre la obesidad vy la presencia de danos
acumulados en el LES (SDI), especialmente la nefritis lupica y un mayor
riesgo de dislipidemia y disminucion de la calidad de vida (Rizk, Gheita,
Nassef, & Abdallah, 2012). Ademas, en este mismo estudio se observo
que un aumento de la circunferencia de la cintura aumenta el riesgo de

aterosclerosis en pacientes con LES (Rizk et al., 2012).

Sin embargo, se han publicado dos estudios en los que no se
ha encontrado asociacion entre los niveles de IMC y la actividad de la
enfermedad (Chaiamnuay et al., 2007; Zhu, Zhang, Pan, Li, & Ye, 2010). Se
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trata de estudios hechos en poblaciones no caucasicasy enlos que se han
empleado otros instrumentos para medir la actividad de la enfermedad
(SLAM-R en lugar del indice SLEDAI). Estos dos factores podrian estar
tras los resultados discrepantes con el resto de estudios publicados.

Asi, nuestros resultados en conjunto con la mayoria de evidencia
obtenida hasta el momento, sugiere que el estado antropométrico y
los niveles de inflamacion parecen influir negativamente sobre los
indicadores clinicos de actividad (SLEDAI), de dano acumulado (SDI)
y factores de riesgo cardiovascular en el LES. Por lo tanto, seria de
gran relevancia incluir la medicion de indicadores como el porcentaje
de grasa y adiposidad visceral o el IMC en pacientes con lupus como
herramientas e indicadores adicionales en el manejo y monitorizacion de
dichos pacientes. Al mismo tiempo, podria ser de gran utilidad educar a
los pacientes con lupus en la importancia de mantener un peso saludable
para una buena evolucion de su enfermedad y una mejor resolucion de la
inflamacion. La inclusion de estos pacientes en programas de educacion
paralasalud encaminados alaconsecucionde un pesosaludable podriaser
una medida de bajo costo que junto con los tratamientos farmacologicos
habituales contribuiria a mejorar la evolucion de la enfermedad.

Existenotrosindicadores utilizados paraevaluarel estado inmuno-
nutricional de los pacientes como el indice de prondstico nutricional
(PNI) (Buzby, Mullen, Matthews, Hobbs, & Rosato, 1980), el indice de
puntuacion nutricional (CONUT) (Ignacio de Ulibarri et al., 20035) y el
indice de riesgo nutricional (NRI) (Y. Bo et al., 2016). Estos indices se
calculan a partir del nivel de albtimina séricay el recuento de linfocitos
y representan herramientas de deteccion utiles para el pronostico del
paciente en diversas patologias inflamatorias. Mientras mas elevado
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sea el valor del PNI de un paciente, mayor el riesgo de malnutricion
(Onodera, Goseki, & Kosaki, 1984), mientras que para el NRI, una baja
puntuacion aumenta el riesgo (The Veterans Affairs Total Parenteral
Nutrition Cooperative Study Group, 1991). La puntuacion CONUT se basa
en un calculo que utiliza el nivel de albimina sérica, el recuento total
de linfocitos y el nivel de colesterol total (rango o-12, mas alto = peor)
(Ignacio de Ulibarri et al., 2005).

En esta linea, y teniendo en cuenta que la evidencia previa sugiere
que los marcadores del nivel de albumina séricay el recuento de linfocitos
podrian predecir el LES activoy el pronostico dela enfermedad (Vila et al.,
20006; YIP et al., 2010), se plante6 evaluar el estado nutricional y el riesgo
a través de estos indicadores (PNI, CONUT y NRI) segtn la actividad y la
acumulacion de dano del LES.

Los resultados obtenidos revelan que, los pacientes con LES activo
tenian valores mas bajos de PNI y NRI que aquellos con LES activo. Atn
mas relevante fuelaidentificacion de unaimportante relacion entre el NRI
y el dano acumulado de la enfermedad medido por el indice SDI. Tanto
el PNI como el NRI se correlacionaron con la actividad de la enfermedad
medida por SLEDAI en pacientes con LES. Ademas, encontramos que
PNIy NRI eran predictores independientes del LES activo.

Hasta donde alcanza nuestro conocimiento, por el momento
solo un estudio ha investigado la asociacion entre el PNI con la actividad de la
enfermedad en el LES (S. S. Ahn, Jung, Song, Park, & Lee, 2018). Al igual
que los hallazgos encontrados en nuestra poblacion, Ahn et al. Reportan
que el PNI es un predictor independiente de LES activo (S. S. Ahn et al.,
2018). Por lo tanto, en conjunto base a la evidencia existente hasta el

A
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momento sugiere que el PNI podria ser un indice 1til para la evaluacion

de la actividad de la enfermedad en pacientes con lupus.

En cuanto a los resultados obtenidos para el resto de indices
inmuno-nutricionales analizados (CONUT y NRI) y su relacion el
pronostico de la enfermedad, cabe destacar que en el momento en que
fue desarrollado nuestro estudio los mismos no habian sido estudiados
previamente en el LES. Sin embargo, mas recientemente un estudio
realizado en pacientes con nefritis Iipica en el contexto del LES en
donde se evaluaron 5 indices nutricionales incluyendo el CONUT, PNI
vy NRI reportd que tanto el CONUT como el PNI se correlacionan con
la actividad de la enfermedad del LES (SLEDAI-2K) (Sung Soo Ahn et
al., 2019). Curiosamente, este mismo estudio revela, que el PNI es un
predictor independiente de enfermedad renal avanzada al igual que de
los niveles de creatininay el indice de cronicidad (SDI) (Sung Soo Ahn et
al., 2019). Por lo que, en resumen, de acuerdo con nuestros resultados y
a lo reportado por otros estudios, el PNI ademas de ser un importante
predictor de la actividad del LES, podria también tener implicaciones
pronosticas en la identificacion de pacientes con complicaciones como
la nefritis Iapica. En cuanto al CONUT y el NRI, los resultados no son
claros, porlo que seria interesante seguir profundizando en estalinea de
investigacion con futuros estudios paraestablecer siestos indicadores son
fiables en el pronostico de la enfermedad, o bien para identificar nuevos
marcadores fiables y de facil determinacion para poder determinar la
presencia de LES activo y de esta forma poder implementar estrategias

preventivas utiles en la practica clinica.
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4. Papel de la Dieta Mediterranea en los pacientes
con LES: relacion con los indices de actividad
(SLEDAI), daiio (SDI) y riesgo cardiovascular

(publicacion 7)

Son numerosos los estudios que han establecido que una dieta
tradicional vy de alta densidad nutricional como la Dieta Mediterranea
(DM) esta ligada a una menor incidencia de enfermedades cronicas e
inflamatorias incluyendo la enfermedad cardiovascular (Ramon Estruch,
2010) (Rosato et al., 2019). Adicionalmente, algunos estudios hechos
en enfermedades autoinmunes sistémicas como la AR y la MS revelan
también resultados prometedores en este sentido (Forsyth et al., 2018;
Sedaghat et al., 2016).

Teniendo en cuenta que, en el LES, son escasos los estudios
que evaluan la relacion entre la dieta y la enfermedad, y que ningun
trabajo previo se habia enfocado en estudiar concretamente la DM en
esta patologia, se plante6 de forma pionera evaluar, por primera vez, la
influencia de este patron dietético saludable en el LES.

Se disend una estrategia para investigar la relacion entre la
adherencia a la DM vy la actividad del LES, el dano acumulado por
la enfermedad y los marcadores de riesgo de ECV en pacientes con
LES. Nuestros resultados revelaron que los pacientes con una mayor
adherencia a la DM tenian mejores perfiles antropométricos, menor
riesgo cardiovascular y un mejor perfil de marcadores inflamatorios y de
inmunidad, incluyendo niveles de PCR, Hcy, TG y albmina sérica.



Ademas, se evidencié una importante relacion entre la adherencia
ala DM ylaactividad de la enfermedad (medida a través del SLEDAI-2K) y
el dano acumulado (medido a través del SDI). Los pacientes con mejores
niveles de adherencia a la DM presentaron menores puntuaciones de
SLEDAIy SDI'y adicionalmente se demostro una asociacion inversa entre
la adherencia a la Dieta Med y el riesgo de tener LES activo (SLEDAI > 5)
o la presencia de dano (SDI > 1). Todas estas asociaciones persistieron
después de ajustar por factores de confusion (edad, sexo, tabaquismo,

tratamiento médico e IMC).

Estos resultados coinciden conlos hallazgos de estudios realizados
en otras enfermedades autoinmunes, como por ejemplo la AR, en la que,
la DM se asocia con una disminucion de la actividad de la enfermedad
y un aumento de la funcion fisica y vitalidad en estos pacientes
(Skoldstam, Hagfors, & Johansson, 2003b). De igual forma, en pacientes
con osteoartritis, una mayor adherencia a la DM se asocido con una
disminucion del dolor y la discapacidad, y una mejora en la salud mental
y calidad de vida (Veronese et al., 2016). La DM ha sido también postulada
como un factor protector y preventivo en enfermedades autoinmunes
como la AR yla EM (Forsyth et al., 2018; Sedaghat et al., 2016).

A pesar de que la evidencia sobre el tema no es del todo clara,
son diversos los mecanismos que explicarian el por qué la DM podria
tener efectos beneficiosos sobre las enfermedades autoinmune en
general y sobre el LES en particular. La reduccion de la actividad de la
enfermedad y la acumulacion de danos observada en aquellos pacientes
con mayor adherencia ala DM podria explicarse por una disminucion de
la inflamacion y de la activacion de las vias de autoinmunidad en el LES

mediante diversos mecanismos |[3, 46].



V. Resumen de resultados y discusion

En primer lugar, considerando que el tipo de dieta influye tanto
la composicion como la funcionalidad de la microbiota intestinal, que a
su vez juega un papel crucial en el control de la respuesta inmunitaria y
adaptativa y podria desempenar un papel en la patogenia del LES (Vieira
et al., 2014).

Se sabe que una dieta de tipo occidental esta asociado a cambios
en la microbiota capaz de modular la respuesta inmunitaria a través
de un cambio fenotipico en la produccion de los linfocitos, induciendo
la produccion de linfocitos T helper 17, relacionados con respuestas
inflamatorias y autoinmunes (Garcia-Mantrana et al., 2018; Thorburn et
al., 2014).

La DM al ser rica en fibra, polifenoles y acidos grasos de tipo omega
podria ejercer efectos positivos sobre la microbiota intestinal que se
traducirian en un mejor control de la inflamacion y una respuesta
inmunologica mas tolerogénica (Garcia-Mantrana et al., 2018). Esto se
debe en parte ala produccion de acidos grasos de cadena corta generados
por la fermentacion de fibra dietética. Los acidos grasos de cadena corta
son productos bacterianos derivados de la dieta que pueden afectar la
funcion inmune porque son necesarios para la resolucion fisiologica de
la inflamacion (Vieira et al., 2014). Su deficiencia se ha relacionado con
la inflamacion no resuelta en modelos de colitis, artritis y asma (Vieira
et al., 2014). Por lo que, con todo esto, es evidente que el efecto de la DM
sobre la microbiota intestinal podria ser una de las vias involucradas en

modular las respuestas inmunes pro y antiinflamatorias en el LES.

Por otro lado, la modulacion del proceso inflamatorio podria ser

también un importante factor que explicaria los beneficios de la DM
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en la autoinmunidad (Birebring et al., 2018; Antonia Trichopoulou et
al., 2014). En nuestro estudio encontramos que los pacientes con una
mayor adherencia ala DM presentaban niveles mas bajos de marcadores
inflamatorios como la PCRyla Hcey, los que ademas aumentarian el riesgo
cardiovascular en estos pacientes (Kullo & Ballantyne, 2005). Este mismo
hallazgo coincide con estudios previos donde patrones de alimentacion
saludables se asociaron con menores niveles de estos marcadores de
inflamacion tanto en poblacion sana como en condiciones inflamatorias
como la artritis (Birebring et al., 2018; Chrysohoou, Panagiotakos,
Pitsavos, Das, & Stefanadis, 2004; Dyer et al., 2017). Ademas, encontramos
que una mayor adherencia a la DM se asociaba a una reduccion en la
prevalencia de obesidad y favorecia un perfil lipidico, porcentaje de
grasa e IMC optimo en los pacientes con LES. Estos factores metabolicos
contribuirian también a una reduccion del riesgo cardiovascular en estos
pacientes. Coincidiendo con nuestros resultados, se sabe que existe una
asociacion importante entre la DM vy el riesgo de presentar sobrepeso/
obesidad y grasa visceral (Agnoli et al., 2018). Estos datos serian de vital
importancia ya que la obesidad y el exceso de grasa visceral han sido
establecidos factores de riesgo independientes para un empeoramiento
del pronostico del LES [52, 53] lo cual podria deberse a su efecto directo
enlos niveles de inflamacion, en un incremento del riesgo cardiovascular
y del namero de complicaciones en las enfermedades autoinmunes
(Carbone et al., 2016; Sleiman, Al-Badri, & Azar, 2015).

Al analizar los diferentes componentes que constituyen la DM
y su relacion con los beneficios observados en la puntuacion SLEDAI y
SDI se obtuvieron datos muy interesantes. Especificamente, de todos
los componentes que permiten evaluar la adherencia ala DM se observo

que el consumo de aceite de oliva, frutas y verduras, sofritos, legumbres,



pescados y nueces se asocia con menores puntuaciones del SLEDAI
(actividad de la enfermedad) y algunos de ellos a menores puntuaciones
del SDI (danos acumulados). De igual forma se comprobo que aquellos
pacientes que tenian un bajo consumo de carnes rojas, alimentos
azucarados y bolleria presentaban puntuaciones inferiores de SLEDAI y
SDI. En estudios previos para condiciones como la obesidad (Martinez-
Gonzalez et al., 2012), el sindrome metabdlico (Babio et al., 2009) o en
relacion conlos niveles de PCR (Lahozetal., 2018) se ha observado también
que son estos alimentos de la DM los que se encuentran asociados con un
mayor niamero de beneficios. Por lo tanto, la evidencia cientifica sugiere
que no todos los componentes de la DM tendrian el mismo impacto ni
otorgarian el mismo nivel de proteccion (Martinez-Gonzalez & Sanchez-
Villegas, 2004) siendo el consume de aceite de oliva, frutas y verduras y
pescado los factores mas protectores de este patron de alimentacion (M.

A. Martinez-Gonzalez, Alonso, Fernandez-Jarne, & De Irala, 2003).

De esta forma, nuestros resultados preliminares sugieren que la
adherencia a la DM tiene un efecto positivo en el LES, influyendo en la
actividad de la enfermedad, la acumulacion de danos y los factores de
riesgo cardiovascular en la enfermedad. Los mecanismos que subyacen
estos beneficios engloban efectos y cambios positivos en el sistema
inmunitario, marcadores de inflamacion y otros factores de riesgo de
ECV que afectan el curso y el pronostico del LES. Asi, el seguimiento
de un patron dietético basado en la DM podria ayudar a retrasar la
progresion y el dano causado por el LES, y a reducir los riesgos de ECV
asociados con la enfermedad. Por lo tanto, el asesoramiento nutricional
y las modificaciones en el estilo de vida como estrategia complementaria
a la farmacoterapia habitual resultarian muy beneficiosos en estos
pacientes.



Los resultados obtenidos durante el desarrollo de la presente tesis
doctoral revelan que tanto la dieta como el estado nutricional podrian
ejercer un importante impacto en el prondstico de enfermedades
autoinmunes como el LES. La adopcion de un patron de alimentacion
antiinflamatorio con alto contenido de vitaminas, grasas saludables
y fibra dietética asi como el mantenimiento de un peso saludable son
factores capaces de modificar el medio inflamatorio y condicionar la
respuesta autoinmune en el organismo humano, posiblemente a través
de la modulacion de marcadores inflamatorios como los estudiados
(PCR, Hcy) y de la modificacion de la microbiota lo cual se traduce en una
disminucion de la respuesta autoinmune y por tanto de los indicadores

de actividad y dano acumulado en el LES.

La heterogénea y compleja naturaleza de las enfermedades
autoinmunes sistémicas como el LES dificulta el diseno de tratamientos
sostenibles a largo plazo, que permitan controlar y detener el progreso
de la enfermedad a todos sus niveles. En este respecto, terapias
dirigidas hacia la modificacion del estilo de vida, incluyendo la dieta son
considerados cada vez mas como importantes pilares del tratamiento
ya que podrian tener un importante impacto en la mejoria de los niveles
de inflamacion e inmunidad, reduciendo la necesidad de recurrir a
multiples tratamientos farmacologicos, cuyos efectos secundarios son
bastante comprometedores.






V. CONCLUSIONES






La dieta de los pacientes espanoles con LES es desequilibrada, de
tipo occidental y caracterizada por una baja ingesta de hidratos
de carbono complejos/fibra dietética; alta en proteinas de origen
animal y grasas poco saludables y deficitaria en vitaminas y
minerales.

. Una dieta antiinflamatoria se encuentra asociada con mejores
niveles de colesterol total en pacientes con LES. No se encontraron
asociaciones significativas entre el 11D, ingestay factores dietéticos
con marcadores de inflamacion como la PCR y Hcy.

El estado nutricional, la presencia de obesidad y los niveles de
PCR se encuentran relacionados con un aumento en la actividad
de la enfermedad (SLEDAI), con la acumulacion de danos (SDI) y
con un mayor riesgo cardiovascular.

. Los pacientes espanoles con LES tienen una adherencia media-
alta a la DM. Una mayor adherencia a la DM se relaciona con una
menor actividad de la enfermedad (SLEDAI), menor acumulacion
de danos (SDI), disminucion de marcadores inflamatorios y del
riesgo cardiovascular (PCR, Hcy, TG).
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Con la realizacion de la presente tesis doctoral se ha investigado la
influenciadeladietayen concreto de un patron de alimentacion saludable
como la DM, sobre la actividad y pronostico del LES, una enfermedad
autoinmune sistémica. Como se ha descrito anteriormente, a la fecha
son muy pocos los estudios realizados en el area de investigacion sobre
alimentacion y autoinmunidad. En concreto, el LES sigue siendo una
de las entidades autoinmunes mas complejas y cuyo tratamiento actual
se centra en el uso de farmacos que ayudan a disminuir la respuesta
inflamatoria y autoinmune, mas sin embargo, muchos de ellos poseen
multiples efectos colaterales que a menudo deterioran la calidad de vida

del paciente.

Los resultados obtenidos a partir de este estudio transversal
sugieren que ciertos factores dietéticos y en concreto la DM ejercen
un efecto positivo sobre la actividad, dano y riesgo cardiovascular en
los pacientes con LES. Sin embargo, dada la naturaleza transversal
del diseno que se ha planteado no se pueden establecer relaciones de
causalidad ni tampoco valorar la influencia un posible cambio en el
patron de alimentacion en los pacientes con LES alo largo del tiempo. Por
lo tanto, resultaria muy interesante profundizar y ampliar los hallazgos
de esta linea de investigacion realizando estudios longitudinales con
intervenciones dietéticas en estos pacientes que permitan valorar los
efectos de la alimentacion y de ciertos componentes dietéticos sobre el
LES.

Teniendo en cuenta que uno de los factores mas representativos y
con mayor cantidad de propiedades adjudicadas de la DM es el consumo
de AOVE, se pretende evaluar a futuro si un cambio en el patron de
alimentacion mantenido en el tiempo como la suplementacion con AOVE

39



VI. Perspectivas a futuro

en la DM produce en pacientes en con LES cambios positivos en los
marcadores inflamatorios, cronicidad/gravedad de la enfermedad y el
riesgo cardiovascular. Cabe destacar que en nuestro estudio obtuvimos
que, a pesar de que la adherencia al patron de DM se encuentra asociada
a una menor actividad, dano y marcadores de riesgo cardiovascular,
no todos los componentes de la DM ejercerian el mismo impacto.
En concreto, el consumo de AOVE fue uno de los factores con mayor
asociacion a los beneficios antes descritos.

Por otra parte, es interesante destacar que se esta demostrando
que la dieta es uno de los factores ambientales mas importantes capaces
de producir cambios en las marcas epigenéticas dando lugar al desarrollo
de enfermedades. Existen diferentes estudios que han demostrado como
ciertos componentes dietéticos son capaces de producir cambios a nivel
epigenético e influyen en el desarrollo de enfermedades como el cancer,
el sindrome metabolico o la diabetes tipo 2 (Barres & Zierath, 2016;
Feinberg, 2018).

En la actualidad se estd comenzando a investigar la influencia
de la DM en el epigenoma. En el contexto del estudio PREDIMED, se
ha observado que se producen cambios en el metiloma de células
sanguineas periféricas afectando a genes relacionados con la
inflamacion y la respuesta inmune (Arpon et al., 2016). En el contexto
de las enfermedades autoinmunes este campo de investigacion ain no
se ha explorado. Por lo tanto, también seria de gran interés evaluar la
influencia de la dieta sobre las marcas epigenéticas caracteristicas del
lupus (metilacion del DNAy niveles de expresion de miRNA). Mediante un
estudio de intervencion como el mencionado anteriormente se podrian

arrojar nuevas evidencias en este sentido que ayudarian a describir con
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mayor precision los mecanismos moleculares que subyacen alos efectos
beneficiosos de la DM.

Por otro lado, otro de los factores dietéticos cuyo impacto cobra
cada vez mas fuerza en el ambito de la autoinmunidad, es el consumo
de sodio o sal de mesa (NaCL) como factor disparador y negativo sobre
el desarrollo y pronostico de las mismas. En humanos, se ha descrito de
forma preliminar una posible asociacion entre el consumo de sodio y
enfermedades autoinmunes como la artritis reumatoide y la esclerosis
multiple en donde éste parece contribuir al desarrollo o exacerbacion
de estas patologias, aunque los mecanismos subyacentes no han sido
descritos. Recientemente, un estudio en pacientes con artritis reumatoide
y LES estudio el efecto de la sal en la inmunidad adaptativa, sugiriendo
que una restriccion en la ingesta de sodio podria contribuir a controlar
la respuesta inflamatoria. Sin embargo, a la fecha no existen estudios de
intervencion en humanos que permitan evaluar la influencia directa de
la ingesta de sodio en pacientes con LES. Por ello, seria de gran interés
investigar si existe una relacion entre la ingesta de sodio y los cambios en
los niveles de inflamacion, actividad, severidad y dano, asi como el riesgo
cardiovascular asociado al LES.

A pesar de que se sabe que la alimentacion y el estilo de vida
son sin duda factores que impactan en gran medida el desarrollo y
evolucion de enfermedades autoinmunes e inflamatorias, aiun existen
muchas lagunas cientificas en sobre este tema. Los estudios planteados
permitirian ir obteniendo mas informacion sobre el impacto de la dietay
de ciertos factores dietéticos sobre el desarrollo y prondstico del lupus e
incluso podrian extenderse a otras enfermedades autoinmunes a fin de

poder plantear estrategias preventivas y terapéuticas que contribuyan
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junto con el tratamiento farmacoldgico a mejorar la calidad de vida de

los pacientes con LES.
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Anexo 1. Criterios SLICC (Systemic Lupus International Collaborating
Clinics) /ACR.

Clinical Criteria Immunologic criteria

Neurologic

1. Acute cutaneous lupus 1. ANA

2. Chronic cutaneous lupus 2. Anti-DNA antibodies

3. Oral or nasal ulcers 3. Anti-Sm antibodies

4. Nonescarring alopecia 4. Antiphospholipid antibody

5. Arthritis 5. Low complement (C3, C4, CH50)

6. Serositis 6. Direct Coombs’ test (do not count in the presence of
7. Renal hemolytic anemia)

8.

9

. Hemolytic anemia

10. Leukopenia

11. Thrombocytopenia (<100.000/mmc)
Legend: ANA=anti-nuclear antibodies; Anti-DNA Antibodies = Anti-deoxyribonucleic acid Antibodies; Anti-Sm Antibodies =Anti-Smith
Antibodies.
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Anexo 2. Indice de actividad lapica SLEDAI-2K (Systemic Lupus

Erythematosus Disease Activity Index 2000).

Fecha: _ _/ | NOMBRE:
Puntuacién SLEDAI |Descriptor Definicion
. De comienzo reciente. Excluir causas infecciosas, metabolicas y

8 Convulsiones fArmacos.

Habilidad alterada para la funcién diaria debido a alteracion grave en la
percepcion de la realidad. Incluye alucinaciones, incoherencia,

8 Psicosis asociaciones ilégicas, contenido mental escaso, pensamiento ilégico,
raro, desorganizado y comportamiento cataténico. Excluir I. renal y
farmacos
Funcién mental alterada con falta de orientacién, memoria, u otras
funciones intelectuales, de comienzo rapido y manifestaciones clinicas
fluctuantes. Incluye disminucion del nivel de conciencia con capacidad

8 Sdme organico- |reducida para focalizar, e inhabilidad para mantener la atencion en el

cerebral medio, mas, al menos dos de los siguientes: alteracion de la percepcion,
lenguaje incoherente, insomnio o mareo matutino, o actividad
psicomotora aumentada o disminuida. Excluir causas infecciosas,
metabdlicas y farmacos..
. Retinopatia lupica. Incluye cuerpos citoides, hemorragias retinianas,
Alteraciones ; . e
8 ; exudados serosos y hemorragias en la coroides, o neuritis optica.
visuales ’ R 7 .
Excluir HTA, infeccion o farmacos.
8 Alt. Pares De reciente comienzo, motor o sensitivo.
craneales

8 Cefalea lapica Grave,, pers‘.lstent?;. puede ser migrafiosa pero no responde a
analgésicos narcéticos.

8 AVC De reciente comienzo. Excluir arteriosclerosis.

Ulceracion, gangrena, nédulos dolorosos sensibles, infartos

8 Vasculitis periungueales, hemorragias en astilla o biopsia o angiografia que
confirme la vasculitis.

— Debilidad proximal/dolor asociado a elevacion de las CPK/aldolasa o

4 Miositis X L A
EMG sugestivo o miositis comprobada por biopsia.

Artritis Mas de dos articulaciones dolorosas y con signos inflamatorios.
Cilindros urinarios | Cilindros hematicos o granulosos.
Hematuria >5 hematies/c. Excluir litiasis, infeccién u otras causas.
- > 5 g/24 h. De reciente comienzo o aumento de la proteinuria ya

4 Proteinuria ; .
conocida en mas de 0.5 g/24 h.

4 Piuria > 5 leucocitos/c. Excluir infeccion.

2 Exantema nuevo | Comienzo reciente o recurrente. Exantema inflamatorio.

2 Alopecia De comienzo reciente o recurrente. Pérdida difusa o en placas.

2 Ulceras bucales |De comienzo reciente o recurrente. Ulceras bucales o nasales.

2 Pleuritis Dolor pleuritico con roce o derrame, o engrosamiento pleural.

. . Dolor pericéardico con al menos uno de los siguientes: roce, derrame,

2 Pericarditis . L e ) - e
cambios electrocardiograficos o confirmacion ecocardiografica.

2 Complemento | Descenso de CH50, C3, C4 por debajo del limite inferior del laboratorio.

2 Anti DNA > 25%. Técnica de Farr o por encima del valor habitual del laboratorio.

1 Fiebre > 38°C. Excluir infecciéon.

1 Trombopenia < 100.000 plaquetas/mma3.

1 Leucopenia < 3.000 células/mm3. Excluir farmacos.

PUNTUACION Nota: puntua en la escala SLEDAI si el descriptor esta presente en el dia de la
TOTAL visita o 10 dias antes.

e




Anexo 3. Indice de dafio acumulado para el Lupus Eritematoso
Sistémico (SLICC/ACR)

SLICC/ACR (Systemic Lupus International Collaborating Clinics/American College
of Rheumatology) Damage Index for Systemic Lupus Erythematosus

Fecha: _/ [ Nombre:

Item Score | Puntuacion

Ocular (ambos ojos, por evaluacion clinica)

Catarata' 1
Cambios en la retina o atrofia dptica? 1
Neuropsiquiatrico

Afectacion cognitiva® (déficit de memoria, dificultad en el calculo, dificultad para la
concentracién, dificultad con el lenguaje escrito o hablado, deterioro en el nivel de 1
adaptacion) o psicosis mayor*

Convulsiones® que requiriesen tratamiento durante 6 meses 1
ACV® (score 2 si>1) 1(2)
Neuropatia craneal o periférica (excluir neuropatia 6ptica)’ 1
Mielitis transversa® 1
Renal
Filtrado glomerular medido o calculado <50% 1
Proteinuria >3,5 grs/24 horas 1
Enfermedad renal terminal (independientemente de dialisis 3
O trasplante)
Pulmonar
Hipertensién pulmonar (aumento del VD o refuerzo del P2) 1
Fibrosis pulmonar (examen fisico y radiolégico) 1
Pulmoén encogido (Rx) 1
Fibrosis pleural (Rx) 1
Infarto pulmonar (Rx) 1
Reseccion por causa distinta de neoplasia 1
Cardiovascular
Angina o bypass coronarios 1
Infarto de miocardio (score 2 si >1) 1(2)
Miocardiopatia (disfuncion ventricular) 1
Enfermedad valvular (soplo diastélico o sistélico >3/6) 1

' Catarata: Opacidad de la lente en cualquier 0jo, permanente, ya sea primaria o bien secundaria al tratamiento esteroideo, documentada por
oftalmoscopio.

? Cambios en la retina: Documentados por examen oftalmoscépico, puede ser un defecto en la visién o ceguera legal. Atrofia éptica:
Documentada por examen oftalmoscopico.

® Afectacién cognitiva: Déficit de memoria, documentada por examen clinico o por tests neurocognitivos aceptados.

* Psicosis mayor: Habilidad alterada para un normal equilibrio debido a razones psiquiatricas. Severa alteracion en la percepcion de la realidad,
caracterizada por los siguientes hechos: ilusiones, alucinaciones (auditivas o visuales), incoherencias, marcada pérdida en la asociacion,
contenido pobre en el pensamiento, pensamiento ilogico, raro, desorganizado o comportamiento cataténico.

° Convulsiones: Descarga eléctrica paroxistica ocurrida en el cerebro y que produce alteraciones fisicas caracteristicas que incluyen
movimientos tonicos y clénicos o ciertas alteraciones en el comportamiento. Sélo las convulsiones que requieran tratamiento durante 6 meses
seran tomadas como dafio.

® ACV: Accidente cerebrovascular que produce clinica focal como paresia, debilidad, etc.

” Neuropatia: Dafio o afectacion de un nervio craneal o periférico, excluyendo el nervio dptico, que produzca afectacion motor o sensitiva.

® Mielitis transversa: Debilidad o pérdida de la sensibilidad de las extremidades inferiores con pérdida del control del esfinter urinario o anal
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SLICC/ACR (Systemic Lupus International Collaborating Clinics/American College
of Rheumatology) Damage Index for Systemic Lupus Erythematosus

Item Score | Puntuacién
Pericarditis durante 6 meses o pericardiectomia 1
Sistema vascular periférico
Claudicacion durante 6 meses 1
Ulceracion con pérdida de partes blandas 1
gérdida dfa tejido slignifligativa y permanente (por ejemplo pérdida de dedos o miembros). 12)
core 2 si >1 localizaciéon
Trombosis venosa con tumefaccion, ulceracion o éstasis venoso) 1
Gastrointestinal
Infarto o reseccié_n de duodeno “terminal”, bazo, higado o vesicula biliar por cualquier 12)
causa. Score 2 si >1
Insuficiencia mesentérica 1
Peritonitis crénica 1
Estenosis o cirugia del tracto gastrointestinal superior 1
Musculoesquelético
Atrofia muscular o debilidad 1
Artritis erosiva o deformante (incluyendo deformidades reductibles, y excluyendo necrosis 1
avascular)
Osteoporosis con fractura o aplastamiento vertebral (excluyendo necrosis avascular) 1
Necrosis avascular. Score 2 si >1 1(2)
Cutaneo
Alopecia cronica cicatricial 1
Cicatrices extensas 1
Ulceras cutaneas (excluyendo tumores) durante > 6 meses 1
Fallo gonadal prematuro 1
Diabetes (indistintamente del tratamiento) 1
Malignidad (excluyendo displasia) score 2 si >1 1(2)
Total
Daiio:

Cambio irreversible, no relacionado con la actividad inflamatoria, ocurrido desde el diagnéstico de LES, verificado por la

valoracién clinica y presente al menos durante 6 meses, a menos que fuese secundario a otro proceso.
Los episodios repetidos deben ocurrir con al menos 6 meses de intervalo para puntuar 2.
La misma lesion no puede ser puntuada 2 veces.
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Anexo 4. Modelo de consentimiento informado del paciente.

CONSENTIMIENTO INFORMADO — INFORMACION AL PACIENTE

Antes de proceder a la firma de este consentimiento informado, lea atentamente la informacién que a
continuacion se le facilita y realice las preguntas que considere oportunas.

Naturaleza:

Se le invita a participar en el estudio de investigacién “LyDIMED: Lupus y Dieta Mediterranea” en el que
se analizara si el patron de alimentacion (Dieta Mediterranea) y el nivel de actividad fisica influyen en el
curso y riesgos asociados a su enfermedad, el Lupus Eritematoso Sistémico. Debe decidir si desea tomar
parte en él. Témese el tiempo necesario para decidir. Lea detenidamente el texto que sigue y pregunte al
investigador cualquier duda que pueda tener.

¢En qué consiste el estudio?

Para determinar su patrén de alimentacién y su nivel de actividad fisica usted debera contestar a una
serie de preguntas acerca lo que come normalmente y del ejercicio que hace que le hara un especialista
en Nutricion y Dietética. Ademas se le realizara una valoracién antropométrica que consistira en
determinar su peso, su talla y su composicién corporal. Para determinar su composicién corporal debera
subirse descalzo a una especie de bascula que mediante una corriente eléctrica calculara la cantidad de
grasa, musculo y agua que tiene en el cuerpo.

Importancia:

Gracias a su colaboracién en el presente estudio los investigadores podran analizar si su estilo de vida
influye en la evolucién del lupus. De confirmarse que un correcto patrén de alimentacién y de actividad
fisica mejoran la evolucién de su enfermedad y disminuyen los riesgos asociados a ella, junto con los
tratamientos farmacoldgicos se podran en marcha iniciativas para ayudar a los pacientes a mejorar su
estilo de vida y asi frenar la progresion del lupus

Implicaciones para el donante/paciente:

« Su participacion es totalmente voluntaria.

« Usted podra retirarse del estudio cuando asi lo manifieste, sin dar explicaciones y sin que esto
repercuta en sus cuidados médicos.

« Todos sus datos caracter personal, obtenidos en este estudio son confidenciales y se trataran
conforme a la Ley Organica de Proteccion de Datos de Caracter Personal 15/99.

« Lainformacién obtenida se utilizara exclusivamente para los fines especificos de este estudio.

Riesgos de la investigacion para el paciente:
Usted no correra ningun riesgo durante el proceso de entrevista y antropometria.

Si requiere informacion adicional se puede poner en contacto con nuestro los investigadores en La Unidad
(se especificaréd para cada centro participante) de en el teléfono: (se especificard para cada centro
participante )o en el correo electrénico: (se especificara para cada centro participante)



CONSENTIMIENTO INFORMADO — CONSENTIMIENTO POR ESCRITO DEL PACIENTE

LyDIMED: Lupus y Dieta Mediterranea

He leido el documento informativo que acompafia a este consentimiento (Informacion al Paciente)
He podido hacer preguntas sobre el estudio LyDIMED

He recibido suficiente informacion sobre el estudio LyDIMED. He hablado con el profesional sanitario
INFOrMador: ...

Comprendo que mi participacion es voluntaria y soy libre de participar o no en el estudio.

Se me ha informado que todos los datos obtenidos en este estudio seran confidenciales y se trataran
conforme establece la Ley Organica de Proteccion de Datos de Caracter Personal 15/99.

Se me ha informado de que la informacién obtenida sélo se utilizara para los fines especificos del
estudio.

Deseo ser informado/a de mis datos de caracter personal que se obtengan en el curso de la
investigacion, incluidos los descubrimientos inesperados que se puedan producir, siempre que esta
informacion sea necesaria para evitar un grave perjuicio para mi salud o la de mis familiares
biolégicos.

Si No

Comprendo que puedo retirarme del estudio:

Cuando quiera
Sin tener que dar explicaciones
Sin que esto repercuta en mis cuidados médicos

Presto libremente mi conformidad para participar en el proyecto titulado LyDIMED

Firma del paciente Firma del profesional

(o representante legal en su caso) sanitario informador
Nombre y apellidos:................... Nombre y apellidos: ...........
Fecha: ..o, Fecha: .........ccooviiiiiins
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Anexo 5. Documento de recogida de datos sociodemograficos y clinicos.

PROYECTO LYDIMED

BASE DE DATOS CLINICA Fecha:
N° Paciente CENTRO (1):
Fecha nacimiento Sexo Menopausia (2) Raza
Peso Talla Perimetro abdominal | Perimetro cadera

Fecha de diagnéstico del LES

indice actividad (SLEDAI):

indice cronicidad o dafio crénico (SLICC)
MANIFESTACIONES ACUMULADAS

Rash malar Rash discoide Fotosensibilidad

Ulceras orales Artritis

Serositis Nefritis

Anemia hemolitica Afectacion SNC

Afectacion SNC SAF Trombotico | Obstétrico
Anemia hemolitica Leucopenia/Linfopenia Trombocitopenia
Raynaud Valvulopatia

Otras:

FACTORES DE RIESGO CARDIOVASCUAR

Tabaquismo (3) HTA (4)

Diabetes (5) Dislipemia (6)

Antecedentes familiares ECV (7)

EVENTOS CARDIOVASCULARES

IM (8) Angina (9) EVP ACV (10)
ENFERMEDADES CONCOMITANTES

Sjogren SAF Obstétrico Trombético
Fibromialgia Fractura Tipo

Insuficiencia Renal Crénica Fibromialgia

Otras:
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PROYECTO LYDIMED

ANALITICA SANGUINEA

(valores ultima analitica realizada)

Hb: Plaquetas
Leucocitos: Linfocitos:
Ac. urico Fibrinbgeno
VSG PCR
Colesterol total Triglicéridos
LDL-C HDL-C

250H VitD Homocisteina
C3 Cc4
Anti-dsDNA (titulo) AL (+)

ACA IgG ACA IgM

Anti-B2GP1 IgG

Anti-B2GP1 IgM

Anti-Ro Anti-La
Anti-Sm Anti-RNP
FR (+) Anti-nucleosoma

PRUEBAS COMPLEMENTARIAS

DEXA:

T-score columna lumbar (L1-L4):

T-score cuello fémur:

Z-score columna lumbar (L1-L4):

Z-score cuello fémur:
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Anexo 6. Documento de recogida de registro de comidas y bebidas
de 25 horas, habitos toxicos, antropometria y estimacion de riesgo
cardiovascular.

PROYECTO LYDIMED

¢ RECORDATORIO DE COMIDAS

Desayuno

Media manana

Comida

Merienda

Cena

Otros
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PROYECTO LYDIMED

Ingesta hidrica y Habitos toxicos.

N° de vasos de agua/dia: Exfumador:
Consumo de alcohol: Tabaco/Cigarrillo:
Frecuencia: N° cigarrillos/dia:
Cafeina: Otras drogas:

o DATOS ANTROPOMETRICOS.

Peso actual (kg) Estatura (m)

IMC (kg/m?)

Masa muscular (kg) y Agua (%): Porcentaje de grasa (%):

Masa Osea (kg): Grasa visceral:

Circunferencia de Cadera (cm): Circunferencia de Cintura (cm):

indice Tobillo Brazo

PAS Braquial:
PAS Pedia (1): PAS Pedia (D):
indice tobillo/brazo I indice tobillo/brazo D:
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Anexo 7. Cuestionario de adherencia a la dieta mediterranea.

~ =

JUNTA DE ANDALUCIA
CONSEJERIA DE SALUD

PROMOCION

CUESTIONARIO DE ADHERENCIA A LA DIETA MEDITERRANEA
Nos interesa conocer sus habitos de alimentacion, por ello necesitamos que responda a algunas
cuestiones relacionadas con su dieta. Le informamos que este cuestionario es totalmente anénimo.

Muchas gracis por su colabora

1 ¢Usa usted el aceite de oliva principalmente para cocinar? Si =1 punto

]
[

3 ¢Cuantas raciones de verdura u hortalizas consume al dia (las guarniciones  Dos o mas al dia (al menos una
acompafiamientos contabilizan como % racién)? de ellas en ensaladas o crudas)=
1 punto

5 ¢Cuantas raciones de carnes rojas, hamburguesas, salchichas o embutidos ~ Menos de una al dia= 1 punto
consume al dia (una racién equivale a 100-150 gr.)?

7 éCuantas bebidas carbonatadas y/o azucaradas (refrescos, colas, Menos de una al dia= 1 punto
tonicas, bitter) consume al dia?
9 ¢Cuantas raciones de legumbres consume a la semana (una racién o Tres 0 mds por semana= 1
plato equivale a 150 gr)? punto
11 ¢Cuantas veces consume reposteria comercial (no casera) como Menos de tres por semana= 1
galletas, flanes, dulces o pasteles a la semana? punto
13 ¢Consume preferentemente carne de pollo, pavo o conejo en vez de Si= 1 punto
ternera, cerdo, hamburguesas o salchichas (carne de pollo: una pieza o
racién equivale a 100- 150 gr)?
Resultado final, puntuacién total

PUNTUACION TOTAL:
< 9 baja adherencia
>= 9 buena adherencia

371
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Anexo 8. Cuestionario internacional de actividad fisica (IPAQ) version
corta

PROMOCION ‘
T ESNQL\LUD
JUNTA DE RNDALUCA I-‘1"'R(=£‘IB:RA.IO

VERSION PARA LOS USUARIOS/AS DE LA EMPRESA

)

CUESTIONARIO INTERNACIONAL DE ACTIVIDAD FiSICA (IPAQ)

Nos interesa conocer el tipo de actividad fisica que usted realiza en su vida cotidiana. Las preguntas se
referirdn al tiempo que destind a estar activo/a en los dltimos 7 dias. Le informamos que este
cuestionario es totalmente anénimo.

Muchas gracias por su colaboracién

Dias por semana (indique el nimero)

Ninguna actividad fisica intensa (pase a la pregunta 3) D

Indique cuantas horas por dia

Indique cuantos minutos por dia

No sabe/no esta seguro D

Dias por semana (indicar el nimero)

Ninguna actividad fisica moderada (pase a la pregunta 5) D

Indique cuantas horas por dia

Indique cudntos minutos por dia

No sabe/no esta seguro [

Dias por semana (indique el nimero)

Ninguna caminata (pase a la pregunta 7) r

Indique cuantas horas por dia

Indique cuantos minutos por dia

No sabe/no esta seguro D

Indique cudntas horas por dia

Indique cuantos minutos por dia

No sabe/no esta seguro D

|



Anexo 9. Otras publicaciones del Doctorando

Maria Correa-Rodriguez, Gabriela Pocovi-Gerardino, José-Luis
Callejas-Rubio, Raquel Rios Fernandez, Maria Martin-Amada, Maria-
Gracia Cruz-Caparros, Irene Medina-Martinez, Norberto Ortego-
Centeno, Blanca Rueda-Medina.Vitamin D levels are associated
with disease activity and damage accrual in systemic lupus

erythematosus patients” (actualmente en revision por revistas JCR).

Maria Correa-Rodriguez, Gabriela Pocovi-Gerardino, José-Luis Callejas-
Rubio, Raquel Rios Fernandez, Maria Martin-Amada, Maria-Gracia Cruz-
Caparros, Irene Medina-Martinez, Norberto Ortego-Centeno, Blanca
Rueda-Medina. Dietary Intake of Free Sugars is Associated with
Disease Activity and Dyslipidemia in Systemic Lupus Erythematosus
Patients. Nutrients 2020 Apr 15;12(4):1094. Factor de impacto en
JCR 2019: 4.546; ranking 17/89 Categoria Nutrition & Dietetics; Q1

Correa-Rodriguez M, Pocovi G, Schmidt-RiovValle ], Gonzalez-
Jiménez E, Rueda-Medina B. Assessment of dietary intake in
Spanish university students of health sciences. Endocrinol Diabetes
Nutr. 2018 May;65(5):265-273. Factor de impacto en JCR 2018: 1.649;
ranking 120/145 Categoria Endocrinology & Metabolism; Q4.

Gabriela Pocovi Gerardino; Blanca Rueda Medina. Dietay Autoinmunidad.
Revista Cuadernos de Autoinmunidad. Publicacion de la Asociacion
Andaluzade Enfermedades Autoinmunes (AADEA), Ediciones Adhara2017.
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Anexo 10. Comunicaciones a Congresos.

374

Poster: Influencia de la adherencia a la dieta mediterranea en
el curso clinico y riesgo cardiovascular de pacientes con lupus
eritematoso sistémico: un estudio transversal. X Congreso de la
Asociacion Andaluza de Enfermedades Autoinmunes (AADEA).

Mayo 2020. Publicacion premiada.

Comunicacion Oral: Dietary inflammatory index (DII) is
associated with blood lipid profile in woman with systemic
lupus erythematosus. I Congreso de Investigadores del Parque
Tecnoldgico de la Salud (PTS). Universidad de Granada. Febrero

2019.

Poster: Dietary inflammatory index (DII®) and cardiovascular risk
markers in woman with systemic lupus erythematosus (SLE). IV
World Congress of Public Health Nutrition y el XII Congreso de la
Sociedad Espanola de Nutricion Comunitaria (SENC) - NUTRIMAD
2018 Madrid, Octubre, 2018

Poster: Diet quality and nutritional status in systemic lupus
erythematosus: a cross-sectional study. IV World Congress of
Public Health Nutrition y el XII Congreso de la Sociedad Espanola
de Nutricion Comunitaria (SENC) - NUTRIMAD 2018. Madrid.

Octubre, 2018

Comunicacion Oral: Ingesta Dietética, indice de calidad
antioxidantes de la dieta (DAQS) y proteina C reactiva (PCR) en
el lupus eritematoso sistémico (LES). XXXIV CONGRESO DE
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LA SOCIEDAD ANDALUZA DE MEDICINA INTERNA (SADEMI) /
V ENCUENTRO DE ENFERMERIA DE MEDICINA INTERNA DE
ANDALUCIA. Granada, Junio, 2018.

e Comunicacién Oral: Indice inflamatorio de la dieta (IID) y
marcadores de riesgo cardiovascular en mujeres con lupus
eritematoso sistémico (LES). XXXIV CONGRESO DE LA SOCIEDAD
ANDALUZA DE MEDICINA INTERNA (SADEMI) / V ENCUENTRO
DE ENFERMERIA DE MEDICINA INTERNA DE ANDALUCIA.

Granada, Junio, 2018.
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Anexo 11. Certificado del Comité de Etica

CONSEJERIA DE IGUALDAD, SALUD Y POLITICAS SOCIALES

JUHTH DE H"D HLU[IIH Direccion General de Calidad, Investigacion, Desarrollo e Innovacion

Comité Coordinador de Etica de la investigacion Biomédica de Andalucia

DICTAMEN UNICO EN LA COMUNIDAD AUTONOMA DE ANDALUCIA

D/D?: Juan Morales Arcas como secretario/a del CEl de Granada

CERTIFICA

Que este Comité ha evaluado la propuesta de (No hay promotor/a asociado/a) para realizar el estudio de investigacion titulado:

TITULO DEL ESTUDIO: Lydimed: Lupus y Dieta Mediterranea
Protocolo, Version:

HIP, Version:

Cl, Version:

Y que considera que:

Se cumplen los requisitos necesarios de idoneidad del protocolo en relacion con los objetivos del estudio y se ajusta a los principios
éticos aplicables a este tipo de estudios.

La capacidad del/de la investigador/a y los medios disponibles son apropiados para llevar a cabo el estudio.
Estan justificados los riesgos y molestias previsibles para los participantes.
Que los aspectos econémicos involucrados en el proyecto, no interfieren con respecto a los postulados éticos.

Y que este Comité considera, que dicho estudio puede ser realizado en los Centros de la Comunidad Auténoma de Andalucia
que se relacionan, para lo cual corresponde a la Direccién del Centro correspondiente determinar si la capacidad y los medios
disponibles son apropiados para llevar a cabo el estudio.

Lo que firmo en GRANADA a 30/11/2016

D/D?. Juan Morales Arcas, como Secretario/a del CEl de Granada

rFirmaDocumento.iface/code/b98742b42134af08f6762b6cceb86casael51b37

Pégina ‘

Cédigo Seguro De Verificacién: b98742b42134af08£6762b6cceb86calael51b37 I Fecha I 30/11/2016
Normativa Este documento incorpora firma electronica reconocida de acuerdo a la Ley 59/2003, de 19 de diciembre, de firma electronica.
Firmado Por Juan Morales Arcas
UH De Verificacién https://www.juntadeandalucia.es/salud/portaldeetica/xhtml/ayuda/verifica 112




CERTIFICA

Que este Comité ha ponderado y evaluado en sesion celebrada el 28/11/2016 y recogida en acta 10/2016 la propuesta del/de la
Promotor/a (No hay promotor/a asociado/a), para realizar el estudio de investigacion titulado:

TITULO DEL ESTUDIO: Lydimed: Lupus y Dieta Mediterranea
Protocolo, Versién:

HIP, Version:

Cl, Version:

Que a dicha sesion asistieron los siguientes integrantes del Comité:

Presidente/a
D/D?. Fidel Fernandez Quesada

Vicepresidente/a
D/D®.

Secretario/a
D/D?. Juan Morales Arcas

Vocales

D/D?. Francisco Manuel Luque Martinez
D/D?. Jesus Martinez Tapias

D/D?. Juan Ramoén Delgado Pérez
D/D?. José Dario Sanchez Lopez

D/D?. José Uberos Fernandez

D/D?. Enrique Lopez Cordoba

D/D?. MARIA ESPERANZA DEL POZO GAVILAN
D/D? ESTHER OCETE HITA

D/D?. Joaquina Martinez Galan

D/D?. Maria José Garcia Sanchez

D/D?. AURORA BUENO CAVANILLAS
D/D?. Paloma Mufioz de Rueda

D/D?. Manuel Galvez Ibafiez

D/D?. JUAN ROMERO COTELO

D/D?. Esther Espinola Garcia

D/D?. Juan de Dios Luna del Castillo
D/D?. Pilar Guijosa Campos

D/D?. José Luis Martin Ruiz

Que dicho Comité, esta constituido y actua de acuerdo con la normativa vigente y las directrices de la Conferencia Internacional de
Buena Préctica Clinica.

Lo que firmo en GRANADA a 30/11/2016

Cédigo Seguro De Verificacion: b98742b42134af08£6762b6cceb8écaTael51b37 [ Fecha | 30112016
i Este documento incorpora firma electrénica reconocida de acuerdo a la Ley 59/2003, de 19 de diciembre, de firma electrénica.
Flrmado Por Juan Morales Arcas
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