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La desnutricion hospitalaria: un viejo
problema sin resolver

La deteccion de la desnutricion hospitalaria contintia de plena actualidad en la literatura médica y, a pesar de
que desde hace dos décadas dejd de ser un tema novedoso, constituye un elemento recurrente en la bibliografia
y motivo de abordajes monograficos en congresos y reuniones cientificas.

Bien es cierto que, frente a los grandes avances en su identificacion, las expectativas son pobres en cuanto a
prevencion y erradicacion. De hecho, poco difieren los resultados cuando comparamos los estudios recientes con
los de antafio (1,2). La incidencia, por contra, a menudo representa un aspecto marginal mucho menos estudiado,
quiza porque los resultados son poco destacables, cuando no desalentadores (3).

Una interpretacion sesgada puede hacer creer que ello sea la consecuencia de una mala praxis en el entorno
hospitalario, pero, en realidad, la causa de la alta prevalencia radica en que, desgraciadamente, los pacientes
llegan al hospital ya desnutridos, por 1o que la labor preventiva en centros de salud, atencion primaria, residencias
de ancianos, centros sociales y comunidades en general podria ser el arma para arrostrar y romper esta tendencia
mantenida (hacia la desnutricion) en el momento de la hospitalizacion.

Qué duda cabe que la enfermedad en si es un elemento clave, en donde la desnutricion se convierte con
asiduidad en huésped obligado, sobre todo en determinadas patologias de tipo oncoldgico, y esta presente des-
de antes del ingreso hospitalario; pero no es menos cierto que su deteccion precoz en los centros de atencion
primaria podria minimizar la evolucion de la tan temida desnutricion que recogemos en el momento del ingreso
hospitalario (4).

El meritorio estudio ENHOLA, realizado por colegas iberoamericanos en 8.000 pacientes de 12 paises, refleja
una prevalencia similar en el nuevo mundo y en el viejo continente, y confirma que la tasa de desnutricion sigue
siendo muy elevada (5), con resultados similares a los obtenidos en Europa en el estudio PREDYCES (6) y en
el EuroOOps (7). Aunque la prevalencia parece algo mayor, las diferencias encontradas parecen deberse a las
caracteristicas de la poblacion abordada, destacando que en el ENHOLA la edad media de los sujetos estudiados
es sensiblemente inferior que en los estudios europeos, que abarcan una poblacién eminentemente geriatrica.
Las diferencias en el estatus socioecondmico también pueden ser un factor a tener en cuenta, como se refleja
en el mencionado articulo. Muy interesante el nimero de pacientes criticos. La metodologia de valoracion de las
encuestas (8,9), llevadas a cabo en su mayoria por personal especializado en nutricion y dietética, contribuye a
la validacion de los cuestionarios utilizados, asi como a resaltar el valor diagndstico de la albtimina a pesar de su
limitacion en algunas situaciones clinicas, que no representan un niimero significativo en el tamafio total de la
muestra.

Si nos centramos en nuestro pais, podemos enfatizar que a pesar del esfuerzo que desarrollan los profesio-
nales de la salud para prevenir y tratar la malnutricion, tanto por exceso como por defecto, los centros de salud
carecen en general de dispositivos especificos formados por especialistas en nutricion que sean capaces de
centrar toda su actuacion en esa labor preventiva tan necesaria para minimizar las altas cifras de prevalencia
detectadas en el momento del ingreso hospitalario. Los incrementos demostrados en cuanto a morbimortalidad,
estancia hospitalaria y costes sanitarios que la malnutricion representa, podrian servir de estimulo para abordar
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editorial con los gestores sanitarios este gran problema con cardcter preventivo, destinando los recursos necesarios para
su deteccion y tratamiento desde los dispositivos de atencion primaria.

Antonio J. Pérez de la Cruz y M.2 Luisa Fernandez Soto
Unidad de Nutricion Clinica y Dietética. Complejo Hospitalario de Granada. Granada
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Estudio comparativo de la eficacia y seguridad de una nutricion parenteral formulada

con dos lipidos distintos: SMOFlipid® frente a Clinoleic®. Estudio preliminar
Comparative study on the efficacy and safety of parenteral nutrition formulated with two different fat
emulsions: SMOFlipid® compared with Clinoleic®. Preliminary study

Fatima Martinez-Lozano Aranaga', Paula Palacio Vales?, Juana Maria Serrano Navarro!, Carmen Caballero Requejo®, Maria Jesus Gomez
Ramos' y Carmen Sanchez Alvarez'
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Resumen

Introduccion: la composicion lipidica de las formulas de nutricion parenteral (NP) se postula como posible factor de evolucion clinica.
Objetivo: evaluar las diferencias en eficacia y seguridad de dos emulsiones lipidicas en NP.
Material y métodos: estudio clinico prospectivo de pacientes posquirtrgicos sometidos a NP durante mas de 7 dias en un periodo de 2 afios.

Se administraron de forma indistinta 2 tipos de emulsiones lipidicas: enriquecida con acidos grasos omega 3 (SMOFlipid Fresenius Kabi®) o con
4cido oleico omega 9 (Clinoleic Baxter®). Se analizaron variables epidemioldgicas, analiticas, complicaciones infecciosas y mortalidad.

Resultados: se estudio un total de 154 pacientes con edad media de 64,36 + 13,73 afios, de los que 95 eran hombres (61%), 78 (51%)
recibieron SMOFIipid® y 76 (49%) Clinoleic®. La estancia media fue de 16,91 + 4,23 dias, la duracion de la NP 9,68 + 3,25 dias y la morta-
lidad del 11%. Se diagnosticaron 58 (37%) infecciones. No existieron diferencias significativas en cuanto a los parametros analiticos lipidicos,

Palabras clave: hepéticos o nutricionales (medidos al inicio y al 7.° dia) ni en su evolucion (estancia media, complicaciones infecciosas ni mortalidad) entre los
. dos grupos de pacientes.
Nutricién parenteral. .. ) ) . L . ) ) o .
Emulsiones lipidicas. Conclusion: los pacientes sometidos a NP presentan similares caracteristicas evolutivas con independencia de la emulsion lipidica utilizada.
Complicaciones. La bibliografia actual apunta a un beneficio de la disminucion del aporte de &cidos grasos omega 9, pero no se han encontrado diferencias
Infeccion. Mortalidad. significativas entre las formulas comparadas.
Abstract

Introduction: The fat composition of parenteral nutrition formulae has been put forward as a possible factor in clinical evolution.
Objective: To evaluate the differences in efficacy and safety of two (2) fat emulsions for parenteral nutrition.

Material and methods: Prospective clinical study of post-surgery patients under PN for more than seven days in a two-year period. Two types of
fat emulsions were administered indistinctively. One is enriched with omega 3 fatty acids (SMOFlipid Fresenius Kabi®), the other one is enriched
with omega 9 oleic acid (Clinoleic Baxter®). Epidemiological and analytical variables, infectious complications and mortality were analysed.

Results: A total of 154 patients were studied. Their average age was 64.36 + 13.73 years; 95 were men (61%). Out of the total number, 78

(51%) were given SMOFIipid® and 76 (49%) Clinoleic®. Average stay was 16.91 = 4.23 days, parenteral nutrition was administered for 9.68
+ 3.25 days, mortality was 11%. 58 (37%) infections were diagnosed. When measured on the first (1st) and seventh (7th) days, there were no

Key words: significant differences in regard to the lipid, hepatic or nutritional parameters, nor in their evolution (average stay, infectious complications, or
» mortality) between the two groups of patients.

Parenteral nutrition. : . " . . o . -

Fat emulsions. Conclusion: Patients on parenteral nutrition show similar evolutionary characteristic, independently of the fat emulsion administered. Current

Complications. bibliography would suggest that a benefit could be gained from reducing the administration of omega 9 fatty acids, but no significant differences

Infection. Mortality. were found when comparing the two formulae.
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INTRODUCCION

F. Martinez-Lozano Aranaga et al.

OBJETIVO

La nutricion parenteral (NP) es una técnica utilizada con fre-
cuencia en los pacientes quirtirgicos. Los efectos metabolicos
de las emulsiones lipidicas contenidas en ella dependen de su
composicion en acidos grasos, los cuales tienen diferentes accio-
nes sobre los lipidos plasmaticos, la situacion inflamatoria y la
respuesta inmune.

Uno de los aspectos que mas se ha investigado es el efecto
de las emulsiones lipidicas en la modulacion de la respuesta
inmune. Durante mucho tiempo solo existio la posibilidad de
utilizar una emulsion lipidica rica en &cidos grasos w-6, cuyo
principal constituyente es el acido linoleico, que en grandes
cantidades puede condicionar un aumento de riesgo de estrés
oxidativo, inmunosupresion (1,2), y tiene efectos pro-inflama-
torios; también puede propiciar una disfuncion hepatobiliar,
que aunque se considera de causa multifactorial, esta muy
influenciada por la formula lipidica (3). Por estos motivos existe
un gran interés en optimizar la composicion lipidica de la NP,
para potenciar sus efectos beneficiosos y reducir el riesgo de
complicaciones (4).

Actualmente existen en el mercado distintas emulsiones
lipidicas cuyo objetivo es, entre otros, disminuir los efectos de
una cantidad excesiva de &cidos grasos w-6 (5). Dos de estas
nuevas formulaciones son la basada en triglicéridos de cadena
media y cadena larga (MCT/LCT) mas acido oleico w-9: Clino-
leic® (Baxter®), y otra basada en MCT/LCT con una pequefia
cantidad de acido oleico y enriquecida en aceite de pescado
-3: SMOFlipid® (Fresenius Kabi®) (Tabla I). La primera no
estimula la respuesta inflamatoria y tiene efectos neutros sobre
la inmunidad, mientras que la segunda parece modular ambos
procesos (6). Las dos formulas postulan asi su efecto beneficio-
S0 sobre el curso de la enfermedad y en los primeros estudios
realizados han demostrado ser clinicamente seguras. Por ese
motivo el empleo de estas nuevas soluciones parenterales ha
experimentado un importante crecimiento en el tratamiento
de los pacientes quirdrgicos complicados; no obstante, un uso
tan extendido deberia ir asociado a un incremento paralelo
de su conocimiento por parte de los profesionales implicados
(7,8), sin embargo, a dia de hoy, existen escasos estudios que
enfrenten a estas dos soluciones lipidicas. En el Hospital Reina
Soffa de Murcia existe la posibilidad de disponer de ambas
emulsiones desde el afio 2009, utilizdndolos indistintamente
segun el protocolo del servicio de farmacia, si bien es la Unidad
de Nutricion la que prescribe todas las nutriciones parenterales
del centro.

El objetivo de este estudio es comparar la efectividad y segu-
ridad de las dos formulaciones lipidicas (9,10) en pacientes qui-
rurgicos, buscando diferencias en la evolucion clinica, asi como
en los parametros analiticos lipidicos y hepaticos.

MATERIAL Y METODOS

TIPO DE ESTUDIO

Observacional prospectivo sin intencién de tratar, de todos los
pacientes posquirtrgicos que precisaron NP en un periodo de
24 meses entre enero de 2011 y diciembre de 2012. El estudio
fue evaluado y aprobado por el Comité Etico de Investigacion
Clinica del Hospital General Universitario Reina Sofia de Murcia.

POBLACION

Pacientes adultos sometidos a una intervencion quirdrgica que
precisaron NP durante al menos 7 dias y que cumplian las reco-
mendaciones de la European Society for Parenteral and Enteral
Nutrition (ESPEN) para este tipo de pacientes (11). Al inicio del
estudio se excluyeron los pacientes con insuficiencia renal cronica
(creatinina > 3 mg/dl o didlisis cronica), enfermedad hepatica
(hipertension portal con sangrado gastrointestinal al ingreso, asci-
tis de origen hepatico, bilirrubina superior a 3 mg/dl de origen
hepatico o encefalopatia hepatica establecida grado Il 0 superior)
0 hipertrigliceridemia conocida.

VARIABLES

Edad, sexo, tipo de cirugia y seguimiento analitico hepatico, lipi-
dico y nutricional al inicio de la NPy al 7.° dia de tratamiento. Los
parametros analiticos medidos fueron albiimina, linfocitos totales,
glucosa, colesterol, HDL-colesterol, LDL-colesterol, triglicéridos,
aspartato aminotransferasa (GOT), alanina aminotransferasa
(GPT), lactato deshidrogenasa (LDH), gamma-glutamil transpep-
tidasa (GGT) y bilirrubina total. También se recogid el control de
glucemia (cada 6 horas) y la necesidad de insulina diaria segun el
protocolo de la Unidad de Nutricion especifico para pacientes con
nutricion parenteral, que consiste en una pauta de insulina rapida
subcutdnea cada 3 o 6 horas, o en perfusion continua, segun

Tabla I. Composicion de los dos lipidos

BT A(.:eite Aceite A.ceite Aceite Fosfolipidos yema | Glicerol | Vit E | Relacién
soja g/l coco g/l | oliva g/l | pescado g/l de huevo g/I g/l mg/l n6/n3
ClinQleic® 40 — 160 12 22,5 30 9:1
SMOFlipid® 60 60 50 12 25 200 2,51
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las necesidades. Otra variable estudiada fue el diagndstico de
infeccion (si/no) y la localizacion de la misma segun los criterios
del estudio EPINE-2010 (12).

La composicion media de la nutricion parenteral administrada
en calorias, gramos de glucosa y de lipidos, insulina (si/no) y tipo
de solucion lipidica con omega 3 (SMOF-lipid® Fresenius Kabi®) o
con oleico (Clinoleic Baxter®), fueron también registrados. La selec-
cion del tipo de lipido se realizaba por el servicio de farmacia que,
segun protocolo, selecciona alternativamente entre ambas, de tal
forma que el lipido seleccionado es desconocido para la unidad
de nutricion. La dosis de lipidos se ajustd entre 0,8-1 g/kg/dia,
correspondiendo al 40% del aporte caldrico no proteico, segun las
necesidades de cada paciente.

Por tltimo, se recogieron los dias de duracion de la NP y de
estancia hospitalaria, y la mortalidad durante el ingreso hospi-
talario y a los 6 meses del alta, esta dltima mediante llamada
telefonica.

ANALISIS ESTADISTICO

Se realiz6 estadistica descriptiva, calculando media y desvia-
cion estandar para las variables cuantitativas, y frecuencia y por-
centaje para las variables cualitativas. Se utilizd la prueba x?, o la
prueba exacta de Fisher si procedia, para analizar la asociacion
entre los diferentes factores cualitativos estudiados y el desarrollo
de infeccion en estos pacientes. Para las variables continuas se
empled la T-student para muestras independientes. Los datos se
procesaron mediante SPSS (IBM SPSS Statistics®) version 19.0.
Se consider significativa una p < 0,05.

RESULTADOS

Durante el periodo de estudio se atendi6 a un total de 247
pacientes quirtrgicos, de los cuales 93 fueron excluidos por
duracion de la NP inferior a 7 dias o por otros de los criterios
de exclusion protocolizados. De los 154 pacientes incluidos, 95
fueron hombres (61%) y 59 muijeres (39%), con una edad media
de 64,36 + 13,73 afos. La causa quirtrgica de la NP fue car-
cinoma gastrico y gastrectomia (n = 30), diverticulitis perforada
(n=14), enfermedad inflamatoria intestinal complicada (n = 18),
carcinoma de colon (n = 45), colecistitis (n = 7), peritonitis biliar
(n=16), carcinoma de pancreas (n = 8) y otras causas (n = 16).

Respecto al tipo de lipidos administrados, 78 pacientes (51%)
recibieron SMOFlipid® y 76 Clinoleic® (49%). Los 2 grupos de
estudio fueron homogéneos en cuanto a edad, sexo o tipo de
cirugia. La duracion media de la nutricion fue de 9,68 + 3,25
dias (IC 7-27) y la estancia hospitalaria media fue de 16,91 +
4,23 dias (IC 10-35) (Tabla II).

Referente a la mortalidad, 17 pacientes (11%) fallecieron
durante su ingreso y otros 16 (11%) en los 6 meses posteriores
al alta. Se presentaron 58 (37%) complicaciones infecciosas intra-
hospitalarias: 17 sepsis por catéter, 10 neumonias, 15 infecciones
urinarias y 16 infecciones del sitio quirtirgico. No se encontraron
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Tabla Il. Datos demograficos

Tipo de lipido Clinoleic® | SMOFlipid® | p
(n =76) (n =78)
Sexo: 52 varones, 43 varones, | ns
95 varones, 59 mujeres 24 mujeres 35 mujeres
Edad 64,36 + 13,73 (25-88) 63,64 65,05 ns
Tipo de cirugia:

Ca Gastrico. Gastrectomia: 30
Diverticulitis perforada: 14
EEl perforada: 18
Ca colon: 45
Colecistitis: 7
Peritonitis biliar: 16
Ca pancreas: 8
Otros: 16

diferencias estadisticamente significativas entre los dos grupos
(Tabla ).

En cuanto al seguimiento analitico, los parametros fueron muy
homogéneos en los resultados totales, y cuando se analizaron
los dos grupos en cada momento de la evolucion tampoco se
encontraron diferencias estadisticamente significativas (Tabla IV).
Para valorar la posible distinta accion de los dos lipidos en la
evolucion, se estudio la diferencia existente entre el inicio y el 7.°
dia en cada uno de los dos grupos: se aprecié que se elevd la
media de todos los parametros estudiados en los dos grupos, sin
diferencia significativa (Tabla V).

En el caso de los pacientes que sufrieron un incremento de
parametros hepaticos, lipidicos y de la glucemia superior al 20%,
encontramos que no existian diferencias significativas. Dado que
el aumento en la albimina y los linfocitos totales se considera
positivo, se compararon en ambos grupos sin encontrar diferen-
cias significativas.

Por Ultimo, se analizd el control de glucemias apreciando que
hubo normoglucemia persistente en 72 pacientes (46,7%), y pre-
cisaron insulina por hiperglucemia 20,7%, sin diferencias signifi-
cativas entre los dos grupos.

DISCUSION

En este estudio se detecta un aumento de la media de los para-
metros de funcién hepética tras la administracion de NP durante 7
dias; este hallazgo concuerda con la literatura médica, en la que
se reconocen estas alteraciones como complicacion de la NP a
largo plazo, sobre todo en nifios, siendo mas precoz la elevacion
de GGT y fosfatasa alcalina. La afectacion hepética es multifac-
torial, pero podria existir cierta relacion entre la administracion
de lipidos intravenosos y dichas alteraciones, atribuible al tipo de
acidos grasos, al exceso de acidos grasos poliinsaturados y a la
dosis total, aunque no se conoce el mecanismo exacto (13-15).
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Tabla lll. Datos evolutivos
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Todos (n = 154) Clinoleic® (n = 76) SMOFlipid® (n = 78) p
Duracion de la NP 9,68 + 3,25 9,68 =+ 3,81 9,68 + 3,43 ns
Dias de estancia hospitalaria 16,91 + 4,23 16,58 + 3,81 17,23 +4,6 ns
Infecciones
Sepsis por catéter 17 8 9 ns
Neumonia 10 6 4 ns
Infeccion urinaria 15 7 8 ns
Infeccion abdominal 16 9 7 ns
Mortalicad
Mortalidad hospitalaria 17 8 9 ns
Mortalidad a los 6 meses 16 7 9 ns
Tabla IV. Valores analiticos (1. dia y 7.° dia)
Tipo de lipido
Medida y valores de normalidad Total pacientes Clinoleic® (n = 76) SMOFlipid® (n = 78) D
Linfocitos inicio (1.200-4.500 U/l) 902 + 304 (444-2.241) 867 + 264 936 + 336 ns
Linfocitos 7 dias 1.159 + 391 (110-250) 1.168 £ 418 1.150 + 364 ns
AlbUimina inicio (3,3-4,8 g/dI) 2,97 0,38 (2-4) 2,94 +0,37 299+04 ns
Albiimina 7 dias 3,03+ 0,43 (2-4) 2,98 + 0,39 3,08 + 0,44 ns
Glucosa inicio (70-105 mg/dl) 126 + 39 (65-224) 125 + 39 127 +40 ns
Glucosa 7 dias 142 + 25 (93-226) 142 + 29 143 + 22 ns
Colesterol inicio (50-220 mg/dl) 153 + 43 (86-398) 152 =+ 41 153 + 46 ns
Colesterol 7 dias 164 + 40 (96-363) 166 + 43 162 + 37 ns
Triglicéridos inicio (50-200 mg/dl) 150 + 28 (82-264) 147 + 26 153 + 29 ns
Triglicéridos 7 dias 176 + 37 (112-365) 173 + 31 179 £ 42 ns
HDL colesterol inicio (45-75 mg/dl) 37 +11 (15-65) 36 + 11 37+10 ns
HDL colesterol 7 dias 39 + 9 (15-64) 38+9 39+9 ns
LDLcolesterol inicio (50-230 mg/dl) 138 + 16 (98-185) 136 =15 140 + 18 ns
LDLcolesterol 7 dias 148 + 14 (111-188) 144 +14 151 + 14 ns
Bilirrubina total inicio (0,2-1,2 mg/dl) 1,42 +0,4 (0,5 + 2,60) 1,41 +0,41 1,43 +0,41 ns
Bilirrubina total 7 dias 1,51+ 0,39 (1-3) 1,561 +0,36 1,51 +0,42 ns
Fosfatasa alcalina inicio (35-104 UI/) 98 + 32 (26-167) 98,5 + 32,66 97,71 + 32,68 ns
Fosfatasa alcalina 7 dias 149 + 26 (85 222) 151,51 £ 27,73 147,71 £ 24,94 ns
Gamma GT inicio (7-32 U/I) 47 +17 (17-110) 46,65 + 17,4 47 £ 17 ns
Gamma GT 7 dias 64 + 21 (21-150) 65+ 19 62 + 22 ns
GOT inicio (0-32 U/ 33 +9(17-65) 339+9,726 326+98 ns
GOT 7 dias 46 + 16 (20-99) 46,3 + 16,6 46,5 +1,62 ns
GPT inicio (0-31 U/)) 36+ 11 (16-73) 37+ 11 358+ 11,23 ns
GPT 7 dias 51 + 15 (4-95) 49,92 + 14,4 53+ 16 ns
LDH inicio (135-225 U/I) 273 + 55 (120-465) 272 + 54 274 + 56 ns
LDH 7 dias 316 + 68 (200-521) 314 +72 318 + 65 ns
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Tabla V. Incrementos de datos analiticos (relacion 1-7 dia)
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Tipo de lipido
Total pacientes Clinoleic® (n = 76) SMOFlipia® (n = 78) D
Linfocitos 256 + 359 (-1.200-372) 301 + 394 213 + 317 ns
Albtimina 0,068 + 27 (-1-1,4) 0,04 +0,28 0,09 +0,27 ns
Glucosa 16,49 + 29,7 (-72-83) 17 + 31 15+ 27 ns
Colesterol 11,12 £ 42,4 (-257-122) 13+ 30 8,3 + 51 ns
Triglicéridos 25,89 + 37 (-43-200) 25+ 36 26 + 38 ns
HDL colesterol 1,92 + 15,57 (-34-49) 18+15 2,02+15 ns
LDLcolesterol 9,73 +18,34 (-1-1,1) 78«17 11,6 19,3 ns
Bilirrubina total 0,09 + 0,39 (15-65) 0,10 + 0,39 0,08 +0,39 ns
Fosfatasa alcalina 51,48 + 40,21 (-16-134) 53,0 = 42,29 50 + 39 ns
Gamma GT 17,15 + 20 (-35-62) 18,94 + 20 1540 £19,4 ns
GOT 13,16 = 16,4 (-22-64) 12,3 +16,5 151+ 14 ns
GPT 15,09 + 19,69 (-55-73) 12,9+19,5 17,2 +19,7 ns
LDH 43,04 + 74,77 (-145-253) 42,03 +78,4 44,02 + 71,4 ns

En nuestro estudio la elevacion de la fosfatasa alcalina por enci-
ma del 20% de la previa afectd al 72,7% de todos los pacientes
(n = 112), mientras que la elevacion del resto de las enzimas
hepaticas se presentd en un nimero menor de pacientes (45%
de los casos).

Tanto el déficit de acidos grasos esenciales como un aporte
de lipidos excesivo pueden causar dafio hepatico. Se recomienda
administrar un minimo de entre el 2y el 4% de las calorias como
acido linoleico para evitar el déficit de &cidos grasos esenciales.
Por otro lado, un excesivo aporte calérico puede producir una
alteracion en la movilizacion y uso de los lipidos, apareciendo
como consecuencia aumento de la lipogénesis y esteatosis (15).

En el comparativo intergrupos no se encontraron diferencias
significativas en el incremento observado en ninguno de los para-
metros analiticos estudiados, como tampoco hubo diferencia en
el nimero de pacientes en los que se detectd un aumento supe-
rior del 20%. Estos resultados pueden explicarse por la similar
composicion en dcidos grasos, dado que ambos tienen menor
composicion de poliinsaturados que la emulsion anteriormente
utilizada (Intralipid®) y ambos estan enriquecidos en alfa tocoferol,
con efecto protector sobre la peroxidacion lipidica hepética (16).

Una de las complicaciones metabdlicas que se asocia con la NP
debido a la metabolizacion de los lipidos es la hipertrigliceridemia
(17). En nuestro estudio se aprecio un aumento de los triglicéri-
dos (en ninguin caso hubo que suspender los lipidos de la dieta),
pero no existio diferencia entre los dos grupos, siendo similares
los incrementos. También el nimero de pacientes afectados por
un aumento mayor del 20% de los triglicéridos fue mayor que
en otros lipidos plasmaticos, pero no hubo diferencias entre los
2 grupos estudiados. En cuanto a otros lipidos plasméticos (coles-
terol total, LDL y HDL), también apreciamos una elevacion de las
cifras a los 7 dias con respecto a los datos basales en todos los
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pacientes, no existiendo diferencias significativas entre ambos
grupos, incluidos aquellos pacientes en los que el aumento fue
superior al 20%.

Tampoco se objetivaron diferencias en la duracion de la NP,
estancia hospitalaria, aparicion de infecciones, mortalidad intra-
hospitalaria y a los 6 meses del alta, variables todas relacionadas
con la evolucion clinica del paciente.

En la literatura existen multiples trabajos sobre seguridad de
las dos emulsiones lipidicas utilizadas en este estudio, enten-
dida como ausencia de complicaciones hepatico-biliares. Tian
(18) realiz6 una revision sistematica y metaanalisis en pacientes
quirirgicos sobre seguridad y eficacia de SMOF® frente a otros
lipidos. Encontré 6 estudios, en 3 de ellos se compard SMOF® vs.
Intralipid®, en 1 SMOF® vs. Clinoleic®, y en 2 SMOF® vs. MCT/
LCT. Los parametros hepaticos estudiados mostraron diferencias
entre SMOF® e Intralipid® pero no frente a Clinoleic® o MCT/LCT,
salvo en la fosfatasa alcalina, en que hubo diferencias a favor de
SMOF® contra MCT/LCT. No encontrd diferencias en la estancia
hospitalaria cuando comparé SMOF® frente a Intralipid® y MCT/
LCT. La unica diferencia que encontré entre SMOF® y Clinoleic®
fue un aumento de lipoproteinas de baja densidad triglicéridos
(LDL-TG) en el grupo tratado con Clinoleic® y que, seguin explica-
ba, puede deberse al contenido de MCT en la formula del SMOF®,
el cual no puede ser almacenado en el tejido graso debido a su
rapida oxidacion.

En el estudio de Badia-Tahull (19) se encuentra una menor
incidencia de infecciones en el grupo enriquecido con aceite
de pescado, aunque no encontr¢ diferencias en alteracion de
parametros hepaticos, mortalidad, sepsis, estancia hospitalaria
0 duracion de la NP.

Puiggros (5) realizd un estudio durante 5 dias en 28 pacientes
quirtrgicos comparando 4 tipos de lipidos (entre los que no se
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encontraba SMOF®), sin hallar diferencias significativas en para-
metros hepaticos ni en el perfil lipidico entre los distintos grupos.
Sin embargo, Piper (20) estudio 44 pacientes posoperatorios
tratados con SMOF® y con Clinoleic®, encontrando a los 5 dias
diferencias significativas en la medida de GOT, GPT y alfa glutation
S-transferasa, concluyendo que existe menos tolerabilidad hepa-
tica en los pacientes en los que se usd Clinoleic®.

Manzanares (21) realizo una revision sistematica en pacientes
criticos adultos, comparando distintos lipidos con Intralipid®, con
el proposito de hallar diferencias en el curso clinico. Se analizaron
12 estudios que presentaban una gran heterogeneidad tanto cli-
nica como estadistica, y alguno de ellos con un pequefio nimero
de pacientes. En 4 se comparaban LCT/MCT con Intralipid®, en
4 Intralipid® con SMOFIipid® y en otros 4 compara Intralipid® o
MCT/LCT con Clinoleic®. El autor concluyé que los lipidos con
menor proporcidn de omega 6 pueden asociarse con una dismi-
nucién de la mortalidad, dias de estancia hospitalaria y duracion
de la ventilacién mecanica. En los estudios analizados no hay
ninguno en el que comparen SMOF® con oleico.

En un estudio recientemente publicado, Gultekin y cols. ana-
lizaron parametros bioquimicos y marcadores inflamatorios en
32 pacientes sépticos tratados con NP con distintas soluciones
lipidicas: Clinoleic® y SMOF®. Los resultados mostraron una dife-
rencia estadisticamente significativa en un marcador inflamatorio,
el LTB4, no asf en el marcador IL6 p TNF-alfa, ni tampoco en los
parametros lipidicos analizados (22).

Existen por tanto multiples estudios que comparan SMOFlipid®
frente a otros lipidos (no con oleico) (23-25) y de Clinoleic® frente
a otros lipidos no enriquecidos en omega 3 (26-29), pero muy
pocos comparativos entre el oleico y SMOFIipid® en adultos.

En las Guias de Nutricion Parenteral para el paciente critico
realizadas por la ESPEN se reconoce que el lipido basado en
omega 9 (Clinoleic®) es bien tolerado en pacientes criticos, y
que la adicion de acido eicosapentaenoico (EPA) y acido doco-
sahexaenoico (DHA) a las emulsiones lipidicas ha demostrado
un efecto beneficioso sobre los procesos inflamatorios (30). La
misma sociedad no hace mencion de los lipidos cuando realiza
recomendaciones en el paciente quirtrgico no critico (11).

La revision de 2013 de las guias de nutricion de la Society of
Critical Care Medicine (SCCM) y American Society for Parente-
ral and Enteral Nutrition (ASPEN) recomienda reducir la carga
de omega 6, pero concluyen que no hay suficientes datos para
decantarse por uno u otro lipido (31). Por tanto, los resultados
de nuestro estudio, precisamente por la ausencia de diferencias
significativas, vienen a refrendar la realidad de la literatura y las
recomendaciones de las diferentes sociedades cientificas.

El presente trabajo constituye un estudio preliminar sobre un
tema de gran actualidad en NP y que ademas se presenta como
un punto clave en la modulacion inflamatoria, y por tanto, en la
evolucion clinica del paciente. Se trata de un estudio prospectivo,
aunque no randomizado, hecho sustentado por la imposibilidad de
asumir el coste de un seguro para estudios aleatorizados que no
cubre el centro hospitalario por la inconcrecion del Real Decreto
223/2004, de 6 de febrero, por el que se regulan los ensayos cli-
nicos con medicamentos, lo que le resta peso cientifico. Ademas,
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y al igual que en la mayoria de los estudios publicados, la duracion
media de la nutricion parenteral (alrededor de 9 dias) fue corta,
por lo que solo se obtuvieron los datos analiticos del 7.° dia, y los
resultados quiza variasen a mas largo plazo.

Otro dato a tener en cuenta es que los acidos grasos poliin-
saturados son muy sensibles a la oxidacion (peroxidacion lipi-
dica) y que el exceso de ellos puede hacer aumentar el efecto
oxidativo (alteracion de las membranas celulares, pérdida de
integridad de la membrana, bloqueo de la accion de los macro-
fagos, agregacion de proteinas, facilitacion de quimiotaxis para
los fagocitos) (32), por lo que consideramos que determinar el
grado de oxidacion lipidica tras la exposicion a lipidos distintos
puede servir de ayuda para valorar cual es mas seguro y eficaz
como componente de la NP (33), pero esto suponia una vez
mas un gasto que no podiamos asumir. También consideramos
importante determinar los niveles de vitamina E por su papel
antioxidante. Por estas razones y, convencidos de la necesidad
de conocer qué lipido es mas conveniente en la nutricion paren-
teral, se presentd una solicitud de ayuda al Instituto de Salud
Carlos Il (ISCIIT) en el afio 2013 (PI13/01551) para un proyecto
de investigacion similar al realizado, en condiciones de estudio
prospectivo, randomizado y ciego en pacientes quirtrgicos criti-
cos para continuar el trabajo aqui presentado, asociando medi-
das de oxidacion. Dicha ayuda fue concedida y en el momento
actual el trabajo esta en curso.

CONCLUSION

Los resultados de este estudio confirman que no existen dife-
rencias clinicas significativas en el uso de 2 tipos de emulsiones
lipidicas: una enriquecida con &cidos grasos omega 3 (SMOFlipid
Fresenius Kabi®) y otra con acido oleico omega 9 (Clinoleic Bax-
ter®). La escasa elevacion de enzimas hepaticas, de los lipidos
sanguineos y la similitud en la evolucion clinica en los dos grupos
demuestran la seguridad de utilizacion de ambos tipos de lipidos.

Son necesarios estudios bien disefiados, con dptimo peso cien-
tifico, que ayuden a establecer recomendaciones en cuanto al tipo
de solucion lipidica en funcion del diagndstico y de la situacion
clinica del paciente.
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Abstract

Objective: We investigate the influence of caloric and protein deficit on mortality and length of hospital stay of critically ill patients.

Methods: A cohort prospective study including 100 consecutive patients in a tertiary intensive care unit (ICU) receiving enteral or parenteral
nutrition. The daily caloric and protein deficit were collected each day for a maximum of 30 days. Energy deficits were divided into critical caloric
deficit (> 480 kcal/day) and non-critical caloric deficit (< 480 kcal/day); and in critical protein deficit (> 20 g/day) and non-critical protein deficit
(< 20 g/day). The findings were correlated with hospital stay and mortality.

Results: The mortality rate was 33%. Overall, the patients received 65.4% and 67.7% of the caloric and protein needs. Critical caloric deficit was
found in 72% of cases and critical protein deficit in 70% of them. There was a significant correlation between length of stay and accumulated
caloric deficit (R = 0.37; p < 0.001) and protein deficit (R = 0.28; p < 0.001). The survival analysis showed that mortality was greater in patients
with both critical caloric (p < 0.001) and critical protein deficits (p < 0.01). The Cox regression analysis showed that critical protein deficit was
associated with higher mortality (HR 0.25, 95% Cl 0.07-0.93, p = 0.03).

Gonclusions: The incidence of caloric and protein deficit in the ICU is high. Both caloric and protein deficits increase the length of hospital stay,
and protein deficit greater than 20 g/day is an independent factor for mortality in critical care unit.

Resumen

Objetivo: investigar la influencia del déficit de calorias y proteinas en la mortalidad y la duracion de la estancia hospitalaria de pacientes criticos.

Métodos: se realizd un estudio prospectivo de cohorte incluyendo 100 pacientes consecutivos en una unidad de cuidados intensivos (UCI) terciaria
que recibian nutricion enteral o parenteral. Se registraron diariamente los déficits de calorias y proteinas durante un méaximo de 30 dias. Los défi-
cit de energia y proteinas fueron divididos en: déficit critico de calorias (> 480 kcal/dia), déficit calorico no critico (< 480 kcal/dia), déficit critico de
proteinas (> 20 g/dia) y déficit de proteinas no critico (< 20 g/dia). Los resultados se correlacionaron con la estancia hospitalaria y la mortalidad.

Resultados: la tasa de mortalidad fue de 33%. En general, los pacientes recibieron 65,4% y 67,7% de las necesidades caldricas y proteicas. El
déficit caldrico critico se encontrd en el 72% de los casos y el déficit proteico critico en el 70% de ellos. Hubo una correlacion significativa entre
la duracion de la estancia con el déficit caldrico (R = 0,37; p < 0,001) y el déficit de proteinas (R = 0,28; p < 0,001). El andlisis de sobrevida
mostré que la mortalidad fue mayor en los pacientes con déficit caldrico critico (p < 0,001) o con déficit proteico critico (p < 0,01). El andlisis de
regresion de Cox mostro que el déficit critico de proteinas se asocio con mayor mortalidad (HR 0.25, IC 95% 0,07-0,93; p = 0,03).

Conclusiones: la incidencia de déficit de calorias y de proteinas en la UCI es alta. Tanto los déficit caléricos como proteicos aumentan la duracion
de la estancia hospitalaria, y el déficit de proteinas superior a 20 g/dia es un factor independiente de mortalidad en la ICU.
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INTRODUCTION

Critically ill patients show high metabolic demands and they fre-
quently have systemic inflammatory response which leads to long-
er hospital stay, organ failure and increased morbimortality (1-3).
Some papers have shown that in critical care settings, underfeeding
related to inability to deliver the required nutrients is very com-
mon. Repetitive fasting periods, enteral tube complications, and
gastrointestinal intolerance are the most frequent reported problems
(4-11). A multicentric study showed that the greater quantity of
calories and proteins delivered the more significant clinical improve-
ment is found especially in patients with body mass index (BMI)
lower than 25 kg/m?2 or greater than 35 kg/m?2 (12).

Energy deficit is common in intensive care but only a few stud-
ies have correlated it with mortality among critically ill patients
(5,6,11). In this context new data may enhance the perceptions
of intensive care physicians on this important issue. Therefore, the
aim of this study was to investigate the influence of protein and
caloric deficit on both the length of hospital stay and mortality of
critically ill patients receiving specialized nutrition therapy.

MATERIAL AND METHODS

This was a prospective, cohort study including all the adult
patients of both sexes that were admitted to the intensive care

unit of the Santa Rosa Hospital in Cuiaba, Mato Grosso (Brazil).
The study was approved by the REC (Research Ethical Committeg)
of the Julio Muller University Hospital under protocol n.°895/CEP
— HUJM/2010. Exclusion criteria were: a) length of stay of less
than 48 h, b) specialized nutrition therapy for less than seven days
and c) oral diet as the first prescription or prior to the first seven
days of hospitalization.

In the first 24 hours after admission, demographic and nutri-
tional data were collected (Table ). Caloric and protein goals, time
of initiation of the nutrition therapy (up to 12, 13-24, 25-48 or
more than 48 hours after admission), the APACHE Il score (13)
and the number of dysfunctional organs were also collected (14).

ENERGY CALCULATIONS

Caloric and protein targets were calculated according to the
ESPEN guidelines (20-25 kcal/kg/day and 1.5-2.0 g of protein/kg/
day) (15,16). Energy delivered via glucose solutions and intravenous
propofol was added to final calculations. Glycemic control was done
to maintain glycaemia ranging from 80 to 150 mg/dL. We collected
and compared data from the target (amount of calories and proteins
calculated from the ESPEN protocol that should be followed), the
prescription (amount of calories and protein actually prescribed by
the intensivist) and the delivery (amount of calories and proteins
received by the patient).

Table I. Demographic and clinical characteristics of patients who presented either critical
caloric deficit (CD) or non-critical caloric (non-CD) deficit

Variable Non-CD (n = 28) CD (n=72) p
Sex ratio (n, %):

Male 16 (25.4) 47 (74.6) 0.45

Female 12 (32.4) 25 (67.6)
Age in years (median-range) 64 (19-93) 62 (18-94) 0.69

Type of treatment at admission (n, %)*:

Trauma 0 (0) 13 (100) 0.04

Surgery™* 4 (30.8) 9(69.2)

Medical 24 (32.4) 50 (67.6)
Apache Il score (median-range) 23 (11-39) 26 (9-39) 0.15

Nutritional status (n, %):

A 2(16.7) 10 (83.3) 0.24

B 14 (24.6) 43 (75.4)

C 12 (38.7) 19 (61.3)

Initiation of nutritional therapy (%)

Until 12 h 11 (61.1) 7(38.9) <0.01

13-24 h 12 (27.3) 32 (72.7)

25-48h 3(11.5) 23 (88.5)

>48h 2(16.7) 10 (83.3)
Organ dysfunction (median-range) 2.5(0-7) 3(0-7) 0.13

*Type of treatment at admission: Trauma > medical (p = 0.01, Fisher’s exact test). All other comparisons were non-significant. **Major abdominal surgeries
(gastrectomy, pancreatoduodenectomy, colectomy); **“Initiation of nutritional therapy: Until 12 h vs. the other three periods: (p < 0.05, Fisher's exact test).
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CLINICAL OUTCOME

Mortality during the first 30 days after ICU admission and during
all the hospital stay was registered. The length of ICU stay, the
appearance of a new organ dysfunction, and the number of days
on mechanical ventilation were recorded. The patients were fol-
lowed up until the 30" day after admission for the energy deficit
calculations due to the design of the study. Experienced intensive
care physicians who were blind and not participating of the study
did all prescriptions and medical decisions.

NUTRITIONAL PROTOCOL

Specialized nutrition therapy was early initiated (first 24 h after
admission) in patients unable to intake oral nutrients unless they
were hemodynamic unstable. Enteral nutrition (EN) was preferred
over parenteral nutrition (PN). Both gastric and post-pyloric routes
were prescribed. However, if EN was contra-indicated, impossible or
not reaching the nutritional goals after four days, PN was immedi-
ately initiated either alone or associated with EN. Target was pro-
grammed to the reached on the 3 day of PN and on the 4" day of
EN. The stepwise increase of energy delivery was 1/3 of the goal
per day for PN and 1/4 of the goal per day of EN. A wide range of
either enteral or parenteral components were prescribed according
to the decision of the nutrition team for each individual over time.

DEFICIT CALCULATIONS

We summed up the total amount of calories (kcal) and protein (g)
calculated as target (as described above) for each patient during the
ICU stay; afterwards we compared with the amount prescribed and
the amount actually received. All caloric and protein deficits were
registered in daily basis. The total deficit was calculated by summing
up all deficits during the ICU stay. The mean deficit per patient was
calculated by dividing the total amount of deficit by the number of
days of ICU stay. Two levels of energy deficit were considered for
analysis: critical caloric deficit defined as the mean caloric deficit
above 480 kcal/day and critical protein deficit as the mean protein
deficit above 20 g/day. These cutoff points were the 25" percentile
of the energy deficit found in all patients.

STATISTICAL METHOD

Sample was calculated estimating that 60% of the patients who
received specialized therapy either by enteral or parenteral routes
would have a caloric deficit above 25%. For these patients it was
estimated that the percentage of complications would be 30%
higher. We estimated that for 100 patients it would be necessary
to obtain 80% power analysis and 5% of type-1 error. Bivariate
comparisons included Student’s t tests, Mann—Whitney U, Chi
test, Pearson’s correlation and Fisher’s exact tests were used as
appropriate. Survival analysis was done and Kaplan-Mayer curves

M. C. Siqueira-Paese et al.

were performed to compare critical deficit and non-critical deficit
for mortality using the log-rank test. All subjects were followed
overtime either until an event of interest (mortality or discharge)
or the end of the study. Drop-outs were censored at the time they
dropped out. Distribution of survival times in several subsets of
confounding variables such as nutritional status, age, APACHE I
score, type of treatment (medical, surgical, or trauma) and time to
initiation of nutritional therapy (before or after 24 h of admission)
were also analyzed. Cox proportional-hazards regression analysis
by enter procedure was used to assess the impact of independ-
ent variables on ICU mortality across the time. All variables with
p bellow or equal to 0.20 in the log rank test entered the Cox
analysis. The continuous variations in caloric and protein deficit
were transformed into categorical variables (critical caloric deficit
or non-critical caloric deficit, critical protein deficit or non-critical
protein deficit) using the mean plus one standard deviation as
a cutoff (> 480 kcal/day and > 20 g of protein/day). Discrete
variables are expressed as counts (percentage) and continuous
variables as means + standard deviation (SD) or median and
range. Data from Cox analysis are presented as hazard ratio (HR)
and 95% confidence interval (Cl). Data were analyzed using SPSS
17.0 (SPSS Inc., Chicago, IL) for Windows.

RESULTS

From April to December 2012, 618 patients were admitted to
the ICU. 462 patients were excluded for either having received
oral diet or being admitted for less than 48 h. Another 56 patients
were ruled out due to short stay (less than 7 days). One-hundred
patients (63 males and 37 females) with an average age of 65
(range 18-94) years old remained for analysis.

The median length of ICU stay was 15 (range: 7-96) days.
Mechanical ventilation was required at some point of the stay for
86 subjects (median [range]: 13 [3-30] days). During the study,
69 patients presented one new organ failure with a median of one
(1-5) new organ failure. The mortality rate in the 30 days period
was 33% and during the whole hospital stay was 45%.

NUTRITION VARIABLES

A total of 1772 days of follow-up were observed. In a total of
242 days (13.6%) no nutrients were delivered. During the period of
the study 87 patients remained for at least one day (median = 2 [range:
1-10] days) without nutritional therapy. The chosen route was EN in
81%, PN in 7%, and a combination (EN + PN) in 12% of the cases.

CALORIC DEFICIT

Only four (4%) patients did not have a caloric deficit. The
patients received 65.4% of the amount of calculated calories.
There was a significant decrease (p < 0.01) of total amount of
energy provision comparing the target (35,427 + 19,226 kcal)
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to the prescribed (26,707 + 16,699 kcal) and to the delivered
(23,187 = 15,431 kcal) for the patients.

PROTEIN DEFICIT

There was a significant decrease (p < 0.01) of protein intake
comparing the calculated (1,652 + 926 g) to the prescribed
(1,294 + 883 g) and to the delivered (1,118 + 794 g) for the
patients. Ninety-two patients had protein deficit and they received
a mean of 67.7% of the total amount of protein calculated.

CRITICAL CALORIC AND PROTEIN DEFICITS

Seventy two patients presented critical caloric deficit
(> 480 kcal/day) and 70 presented critical protein deficit (> 20
g of protein/day). The clinical and demographical characteristics
of these patients can be seen in table | and table II. By univari-
ate analysis, critical caloric deficit was most common in patients
admitted due to trauma and when nutritional therapy was initiated
after 12 h of admission. On the other hand the number of cases
of critical protein deficit was greater in the trauma subset, in
patients with higher Apache Il score, initiation nutritional therapy
after the 24 h of admission, and in those with a larger number of
organ dysfunctions.

CALORIC DEFICIT AND LENGTH
OF STAY

There was a significant statistical correlation between the length
of hospital stay and both the accumulated caloric (R = 0.37;
p < 0.001) and protein (R = 0.28; p < 0.001) deficits.

UNIVARIATE SURVIVAL ANALYSIS

There was no statistical significant difference in mortality
assessed by log-rank test for comparisons of groups of patients
by age (p = 0.12), APACHE Il score (p = 0.08), time to initiation
of nutritional therapy (p = 0.64), type of treatment (p = 0.82) and
nutritional status (p = 0.86). Figure 1 shows the Kaplan-Meier curve
for critical caloric and non-critical caloric deficit groups, and figure 2
shows the curve for critical protein or non-critical protein deficit
groups. Patients with both non-critical caloric deficit (HR: 0.31 [95%
Cl 0.13-0.69]) and non-critical protein deficit (HR: 0.31 [95% Cl
0.13-0.69]) had a significant lower mortality (p < 0.01).

COX REGRESSION ANALYSIS

The Cox regression model included APACHE score, age, critical
caloric deficit, and critical protein deficit. The Cox regression analy-

Table Il. Demographic and clinical characteristics of patients who presented either critical
protein deficit (PD) or non-critical protein (non-PD) deficit

Variable Non-PD (n = 30) PD (n =70) o}
Sex ratio (n, %):
Male 18 (28.6) 45 (71.4) 0.68
Female 12 (32.4) 25 (67.6)
Age in years (median-range) 73 (19-92) 63 (18-94) 0.15
Type of treatment at admission (n, %)*:
Trauma 0() 13 (100) 0.04
Surgery 4 (30.8) 9(69.2)
Medical 26 (35.1) 48 (64.9)
Apache Il score (median-range) 21 (11-39) 26 (9-39) 0.02
Nutritional status (n, %)**:
A 2(16.7) 10 (83.3) 0.02
B 13 (22.8) 44 (77.2)
C 15 (45.5) 18 (54.5)
Initiation of nutritional therapy (%)***:
Until12 h 12 (66.7) 6 (33.3) <0.01
13-24 h 15 (34.1) 29 (65.9)
25-48 h 3(11.5) 23(88.5)
48h 0(0) 12 (100)
Organ dysfunction (median-range) 2 (0-5) 3(1-7) <0.01

*Type of treatment at admission: Trauma > Medical (p < 0.01, Fisher's exact test);, **Nutritional status: B > C (p = 0.02, Chi2 test); ***Initiation of nutritional therapy:

25-48 h and more than 48 h > Until 12 h and 13-24 h (p < 0.01, Fisher’s exact tes).
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sis showed that non-critical protein deficit (HR 0.25, 95% Cl 0.07—
0.93, P = 0.03) remained associated with lower mortality (Tabla Ill).
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Figure 1.

Survival curve for patients with either critical caloric deficit or non-critical caloric
deficit (Log-rank test: p < 0.01) (censored at 30 days).
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Figure 2.

Survival curve for patients with either critical protein deficit or non-critical protein
deficit (Log-rank test: p < 0.01) (censored at 30 days).
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DISCUSSION

The overall results show that the quantities of calories and
proteins delivered to patients were significantly lower than those
calculated (target) or prescribed. In fact, more than 90% of the
patients received less than they needed. In addition, the impact
caused by the above mentioned caloric and protein deficit was a
significant factor to increase ICU stay as well as enhance mortal-
ity. These findings are relevant and suggest that more nutritional
attention to this population of patients is needed.

Caloric and protein deficit in critically ill patients is not uncom-
mon (5,7,12,17,18). Within this context some recent studies have
pointed towards the need to follow nutrition protocols aiming at
reducing this disparity (19-21) and guidelines (1,15,16,22). Our
results show that even following existing guidelines there was still
a caloric and protein deficit. A study showed in 22% of 2208 days
of observation critically ill patients did not receive any calories
(23). Another study showed that in 101 days (15.1%) of 669
observation days, no nutritional supplement was administered
(5). Our findings are in agreement with these studies. All together,
these numbers are alarming and may be similar in different parts
of the world.

Our findings show that survival risk may decrease by 25-30%
if caloric/protein deficit is present. In addition the regression
analysis showed that protein deficit is an independent cause of
mortality in critically ill patients. An earlier study has shown that
caloric deficit is associated with complications but not with mor-
tality (5). However, another study with similar findings showed
a significant correlation between caloric and protein deficit and
mortality, particularly in patients with a BMI below 25 or greater
than 35 kg/m2 (12). In another study involving 251 critical patients
and a total of 750 days of study, mortality was significantly lower
(26.2% vs. 73.3%, p = 0.002) in the group that achieved the
caloric target by the 4" day compared with the group that did not
achieve the target (24).

Nutritional deficits during the first days after ICU admission have
an impact in the outcomes (4,5). Our findings show that all the
patients who received nutritional therapy after the first 48 hours
of admission presented critical protein deficit. In contrast, few
patients who initiated in the first 12 hours of admission presented
critical protein deficit. This reinforces the recommendation for ear-
ly initiation of enteral feeding in critical patients (25-29).

However, this study has limitations. The number of cases in
this study is small, the ICU population was not homogeneous and
proteins and calories were not calculated using a calorimeter.

Table lll. Cox regression model for mortality

Variable SE Wald HR (95% CI) p
Protein deficit 0.665 4.278 0.25 (0.07-0.93) 0.039
Age 0.010 2.059 1.01 (0.99-1.03) 0.151
Caloric deficit 0.578 1.549 0.48 (0.15-1.51) 0.213
Apache I 0.032 0.719 1.03 (0.96-1.09) 0.396
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Nevertheless, the results come from a single hospital, taken by a
single researcher and an experienced and well-qualified nutrition
therapy team who has worked together for many years took care
for all the patients (18,30-31). The nutritional prescriptions closely
followed international society recommendations.

CONCLUSION

The incidence of caloric and protein deficit in ICU is high. Energy
deficit increases ICU length of stay and protein deficit greater than
20 g per day is an independent factor of mortality in critically ill
patients.
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Abstract

Introduction: Enteral nutrition is an important therapy for severely critically ill patients. The timing and amount of energy have been highly debated.
Objective: The aim of the present study was to directly compare the timing and the caloric targets in critically ill patients.

Methods: Retrospective cohort study conducted at a single center, comparing timing and caloric goal for critically ill patients. Patients were
stratified according to the start of nutritional therapy (24, 48, or more than 48 h) and the amount of energy delivered (target adequacy of previously
calculated percentage in the first week). Statistical analysis was performed using parametric and non-parametric tests for independent samples
and logistic regression. The results were expressed as mean =+ standard deviation or incidence and percentage.

Results and discussion: There were no differences in major clinical outcomes in relation to the achievement of percentage of caloric goal at
the end of the first week of the study. The beginning of caloric intake on the first day of hospitalization was associated with reduced mortality

Key words:

Critical care. Nutrition
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intake. Caloric goal. in the intensive care unit, but not with hospital mortality. The strategy of an early and limited amount of calories seems to be associated with a
Mortality. better outcome. Prospective studies evaluating and comparing these strategies are recommended.
Resumen

Introduccion: la nutricion enteral es una importante terapia para pacientes en estado critico. La comparacion entre el momento de inicio y el
aporte calérico ha sido muy debatida.

Objetivo: el presente estudio tuvo como objetivo comparar directamente el momento de inicio y la meta calérica en pacientes criticamente
enfermos mediante un estudio de cohorte retrospectivo conducido en centro Unico.

Métodos: se estratificaron los pacientes conforme el comienzo de la terapia nutricional (24, 48, 0 mas de 48 horas) y la cantidad de energia
suministrada (adecuacion a la meta de porcentaje que, anteriormente, en la primera semana, se ha calculado). Se realizo el andlisis estadistico

Palabras clave: 8 s s . . l P
a través de pruebas paramétricas y no paramétricas para las muestras independientes y de regresion logistica. Se expresaron los resultados

Cuidados criticos. como la media = la desviacion tipica, o la incidencia y el porcentaje.

Terapia nutricional. . L. . . . . o - i

Nutricin enteral Resultados y discusion: hasta el final de la primera semana, no hubo diferencias en los principales resultados clinicos en relacion con el logro
precoz. Ingestion de la meta de porcentaje caldrico. Se asocio el inicio de la ingesta caldrica en el primer dia de hospitalizacion con la reduccion de la mortalidad
de energia. Meta en la unidad de cuidados intensivos, pero no con la mortalidad hospitalaria. La estrategia de una cantidad temprana y limitada de calorias parece
calorica. Mortalidad. asociarse con un mejor resultado. Se recomienda hacer estudios prospectivos con el fin de evaluar y comparar esas estrategias.
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INTRODUCTION

Nutritional support is one of the most important therapeut-
ic strategies for properly resuscitated critically ill patients (1).
Both timing and energy target of nutritional therapy represent
a field of active discussion (2-5). However, the early onset of
nutritional therapy, within the first 24-48 hours at the intensive
care unit (ICU) after proper resuscitation, and a progression to
a predetermined target —generally a caloric target between 20
to 30 kcal/kg/day until the fifth to seventh day— are frequent
recommendations from different guidelines and expert opinions
(6-12). There are few studies that directly compare timing vs.
caloric goal regarding critically ill patients and this is the aim of
the present study.

METHODS

This is a cohort, retrospective, observational study, conducted
at the ICU of Hospital de Clinicas de Porto Alegre (HCPA) from
July to October 2011. The aim of the study was to compare out-
comes between two strategies of nutrition, namely, early nutri-
tion vs. achieving a caloric goal. We included all adult patients
(aged 18 years old or above) who remained at the ICU for at
least seven days, submitted or not to mechanical ventilation, and
could start enteral nutrition therapy in the first 48 hours. Patients
already receiving enteral nutrition therapy prior to admission and
those with associated oral nutritional therapy were excluded.

The project was approved by the Research Ethics Committee
of HCPA, under registration number 110243. Since it is a retro-
spective study and data were analyzed after patients’ discharge,
exemption from informed consent was allowed. The authors
signed a document to guarantee patients’ anonymity in the use of
data according to guidelines and regulatory standards for research
involving human subjects.

Data collected on admission included age, gender, weight and
height (to calculate body mass index [BMI]), diagnosis and Acute
Physiology and Chronic Health Evaluation (APACHE I). ICU mon-
itoring data included nutrient dose (parenteral and/or enteral),
duration of mechanical ventilation, ICU and hospital length of stay,
and ICU and hospital mortality.

Energy dose was individually calculated according to institu-
tional protocol. Basically, adult patients with BMI < 20.5 kg/m?
and the elderly with BMI < 22 kg/m? should receive 30 kcal/
kg per day (13). Adults with BMI > 20.5 and < 30 kg/m? and
normal elderly (BMI > 22 kg/m?) should receive 25 kcal/kg per
day. The goal of protein supply was 1.5 g/kg per day. As far as
obese individuals (BMI > 30 kg/m?) are concerned, specific rec-
ommendations were used (12,14). Thus, the caloric intake was
estimated at 11 to 14 kcal/kg current weight or 22 to 25 kcal/kg
ideal weight. The protein supply was estimated based on the ideal
weight: patients with a BMI between 30-40 kg/m? should
receive > 2g/kg of protein and patients with BMI > 40 kg/m?
should receive > 2.5 g/kg of protein based on ideal weight. The
planned calorie dose varied daily, with approximately 30% of
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the recommended target in the first 24 hours, 60% within 48
hours and 90-100% on the third day.

Patients were divided into four groups: in the first group nutri-
tional therapy was initiated within 24 hours (NT1 group, receiving
the first day a calorie amount between 20-30% of the calculated
target); the second group of patients received nutritional therapy
between 24 and 48 hours (NT2 group, starting on the second
day a calorie amount between 20-30% of the calculated target);
individuals who started feeding after 48 hours comprised the third
group called “late” (NT3); and patients who achieved the calorie
target (supply of at least 60% of that planned on the 5"-7" day)
formed the RCG (reached caloric goal) group.

Statistical analysis was performed using parametric and
non-parametric tests of data collected for independent samples,
respecting the distribution of variables by using the Kolmog-
orov-Smirnov test.

There are overlapping data between timing groups (NT1, NT2
and NT3) and the RCG group, since a given patient in one of the
timing groups could belong to the RCG group. Therefore, compari-
sons in these four groups were performed by logistic regression
with patients in groups NT1, NT2 and NT3 subdivided according
to the success or failure in achieving energy intake. Thus, for
example, data from the NT1 group were conducted in the logistic
regression complying with two possible scenarios: patients who
were early fed and reached the caloric goal and those who were
early fed and did not reach the caloric goal. The same process
was applied to NT1 and NT2 groups.

Results were expressed as mean + standard deviation (SD)
or incidence and percentage. Differences were considered sta-
tistically significant at p < 0.05. Analyses were performed using
IBM SPSS software, version 20.0.

RESULTS

In the study period 357 ICU admissions occurred, 126 met
the inclusion criteria and were included in the final analysis.
Patients were divided into four groups, according the description
on methods session. Table | summarizes and compares demo-
graphic analyses between groups, with no significant differences
between them (except for gender, considering that there were
more women in the NT1 group, and for surgery, with fewer sur-
gical patients in the RCG group). There is no statistically signifi-
cant difference in ICU and hospital mortality between surgical
and non-surgical patients. All patients but one were submitted
to MV (and this patient was allocated in NT1 group once she
started nutritional therapy on the first day). Length of stay and
outcomes are presented in table Il and show a significant reduc-
tion in mortality in patients fed within the first 24 hours. Among
the patients fed within the first 24 hours (NT1), 66.6% achieved
caloric goal on the 5™ to 7'" day. A stratified subgroup analysis
based on supply adequacy was conducted within this group (NT1),
and no significant differences related to this stratification in terms
of mortality were noticed (Table lll). Hence, reaching caloric target
did not seem to influence the outcome in the early fed group. This
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Table I. General characteristic of the study groups

NT1 (20) NT2 (67) NT3 (36) RCG (64) p*
Age (years) 58.1 (22.9) 59.8 (16.3) 59.7 (15.7) 57.8 (17.6) NS

Male 3 (15%) 21(31.3%) 20 (55.6%) 31 (48.4%) 0.021**
BMI (kg/m?) 24.9 (12.4) 25.8 (5.8) 26.1(6.8) 26 (5.4) NS

Surgery 5 (25%) 16 (23.9%) 12 (33.3%) 10 (15.4%) 0.004**
Noradrenalin' 9 (45%) 37 (55.2%) 20 (55.6%) 36 (56.2%) NS
APACHE 112 20.1 (3.42) 22.8(7.4) 21.8(9.4) 216(7.2) NS

Continuous variables reported as mean and standard deviation; nominal variables reported as incidence and percentage. *ANOVA for continuous variables and Chi?
with residue analysis for nominal variables; NT1: Nutritional therapy in the first 24 hours with infusion of 20-30% of the dose of calories; NT2: Nutritional therapy
started with the infusion of 20-30% of the dose on the second day of calories; NT3: Nutritional therapy started after day 2; RCG: reached calorie goal (energy intake
of 60% or more of the previously calculated dose); 'medium dose greater than or equal to 0.1 mcg/kg/min in the first day; ?Acute Physiology and Chronic Health

Evaluation II; **Significant among NT1 and others; ***Significant between RCG and others,; NS: not significant.

Table Il. Differences in outcomes between groups

NT1 (20) NT2 (67) NT3 (36) RCG (64) p*

MV (days) 15.5 (8.8)** 15 (8.8) 11.8 (8.4) 14.709.8) NS

LOSh (days) 53.3 (37.4) 34.5(17.8) 40.9 (26.1) 38.8 (25.6) NS
Death ICU 3 (15%) 29 (43.3%) 17 (47.2%) 24 (37.5%) 0.001**

Death hospital 7 (35%) 35 (52.2%) 15 (41.7%) 29 (45.3%) NS

Continuous variables reported as mean and standard deviation; nominal variables reported as incidence and percentage. *ANOVA for continuous variables and ChF with
residue analysis for nominal variables; NT1. Nutritional therapy in the first 24 hours with infusion of 20-30% of the dose of calories; NT2: Nutritional therapy started
with the infusion of 20-30% of the dose on the second day of calories; NT3: Nutritional therapy started after day 2; RCG: reached calorie goal (energy intake of 60% or
more of the previously calculated dose); MV: mechanical ventilation; LOSh: length of stay at hospital; **Significant among NT1 and other; ***all patients but one were
submitted to MV, and this patient started nutrition therapy on day 1, hence, the precise number of NT1 patients in this cell is 19; NS: not significant.

Table lll. Mortality among patients fed the
first 24 hours stratified for calorie goal

NT1R (13) NT1NR (7) P
Death ICU 4 (30.8%) 2 (28.6%) NS
Death hospital 5 (38.5%) 2 (28.6%) NS

Nominal variables reported as incidence and percentage and analyzed

with Ch?. NT1R: number of patients receiving nutritional therapy in the first
24 hours and reached the caloric goal; NTTNR: number of patients receiving
nutritional therapy in the first 24 hours and did not reach the calorie goal;
NS: not significant.

type of stratification was also applied to NT2 and NT3 groups for
performing the logistic regression in the column with repeated
individuals, that is, the RCG column (Table Il). An energy supply
from 30% to 100% of previous caloric estimation between the 3™
and 7™ day of hospitalization analyzed by residuals of Chi*did not
have an impact on the outcomes. However, a logistic regression
model including the most significant variables detected that early
(first 24 hours) nutritional therapy remained the only significant
variable in terms of reduction in ICU mortality (Table IV).

DISCUSSION

The current study compares direct early nutritional therapy,
which is characterized by a more modest supply of energy (20-
30% of the calculated target started on the first or second day), vs.
a caloric goal-oriented strategy (energy repletion equal or higher
than 60% of the calculated calorie target). Our data show that
properly resuscitated critically ill patients tend to benefit from a
start of nutritional therapy within 24 h of ICU admission, being in
agreement with data previously reported in the literature (15,16).

We performed an analysis comparing timing of nutritional ther-
apy vs. caloric target. The results show that early nutrition was
associated with reduction in mortality while achievement of caloric
goal previously proposed (60% or more of the previously per-
formed calculation) showed no benefit on outcomes. We consider
these data as being very relevant since groups were well matched
(there were no significant differences in age, severity score and
use of vasopressors). The EDEN Study has reported outcomes
regarding the amount of calories administered to patients during
the first week in ICU (17). In such study, the aim was to feed the
study group with a very low amount of energy (trophic nutrition)
during this time. However, we did not compare trophic nutrition
vs. full nutrition nor trophic nutrition vs. time. Our study did not
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Table IV. Multivariate analysis of parameters evaluated in the first week of critically ill
patients associated with ICU mortality

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 p
APACHE Il 21.99 (8.27) N/A N/A N/A N/A N/A N/A NS
Age (years) 59.6 (16.6) N/A N/A N/A N/A N/A N/A NS
20-30% dose S NS N/A N/A N/A N/A N/A 0.044 (0.01-0.93)
40% dose N/A N/A NS NS NS NS NS NS
50% dose N/A N/A NS NS NS NS NS NS
60% dose N/A N/A NS NS NS NS NS NS
90-100% dose N/A N/A NS NS NS NS NS NS

Multivariate regression analysis with a 95% confidence interval; continuous parameters expressed as mean and standard deviation. APACHE Il: Acute Physiology and
Chronic Health Evaluation II; N/A: not applicable; S: variable with statistically significant result in the regression (p value and confidence interval); NS: variable with no

statistically significant result in the regression.

attempt to replicate EDEN’s strategies regarding nutritional sup-
portin our patients, but rather compared the outcomes of patients
that started early nutritional intake vs. the patients that reached
the caloric goal as of the 5 until the 7™ day.

We noticed that in the population of clinical patients, supply
of calories was significantly higher than in surgical patients. This
is not surprising, since impairment in diet progression is often
observed in surgical population. A noticeable fact in this study
is that there was not a significant measurable bengfit in clinical
population of patients even when they received more calories.

Critically ill patients are extremely catabolic and consume their
nitrogen and carbon atoms mainly stocked in lean mass (muscle)
aiming at the synthesis of inflammatory proteins, generation of
glucose and other amino acids to infuse energy to systems with
high oxygen consumption, healing and inflammatory response
(18,19). The consumption of muscle mass is associated with
hyperglycemia and immunosuppression with persistent inflam-
mation (20,21). This scenario justifies the early administration of
energy and proteins, even though we know that this consump-
tion does not cease with the exogenous nutrients supply (22,23).
The amount of calories and the timing of nutritional therapy are
currently subject of intense discussion. While several guidelines
suggest an early and vigorous protein administration associated
with a more modest supply of energy (20-30 kcal/kg/day) (6,8-
12,14,23) or even less (24,25), others argue that this energy
repletion can wait one week after the patient’s hemodynamic
resuscitation, also recommending feeding with very low caloric
dose, called trophic nutrition (4,5,26,27). This approach would
aim at preserving the structure of the digestive epithelium (trophic
diet) and at decreasing the translocation of pathogens that per-
petuate inflammatory response.

In the first scenario there is clear concern about the reduction
of negative energy balance, which would be independently related
to worse outcomes of severe inflamed patients. In the second one,
the prevailing view is that the body does not properly incorporate
nutrients during the acute phase of injury and the goal would be
the structural maintenance of the digestive epithelium.
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In 2012, our group evaluated the impact of achieving an appro-
priate percentage of energy and protein on the outcome (28). In
this study, a caloric supply equal to or higher than 60% of the
calculated target was defined as full diet. Groups (higher and
lower than 60% of the calculated target) were very similar at
admission and at the end of the observation period there was no
superiority of one group over the other (28). Undoubtedly, although
this study does not support hypocaloric and trophic feeding —
since this strategy was not adopted in this occasion— it does not
strengthen the need to achieve full, goal-oriented supply.

This study has some limitations. Being a retrospective cohort
study, it has limited the determination of some important param-
eters on the data analysis, mainly vasopressor dose and length of
use. It is a study conducted at a single center, which can limit the
extrapolation of data for intensive care units as a whole. Besides,
being a retrospective design, it can only produce associative data
and, thus, generate hypothesis. We have no indirect calorimetry and
because of that we could not parameterize our estimates of energy
needs with a gold standard method. Evaluation of body compos-
ition was not performed, so that the nutritional state in this study
was represented by the BMI, which has limitations in the popu-
lation of critically ill patients. Furthermore, the sample does not
allow an analysis of BMI subgroups. This issue is very important
since there are questions regarding the adequacy of energy sup-
ply, specifically if it would impact outcomes in the extremes of the
population (malnourished and obese individuals). We did not use a
specific tool to assess nutritional risk of critically ill patients (such
as NUTRIC - Nutrition Risk in Critically ill score) (29). Categorizing
critically ill patients according to the nutritional risk would allow the
identification of those who most benefit from aggressive nutritional
therapy. Finally, because of the design used in this study, patients
were included only if they stay at least seven days in ICU. Some
patients did not reach this period of time (discharge or death). This
could involve a selection bias. However, during the study period, we
did not notice a significant loss of patients due this reason.

To sum up, our study shows an association between an early
supply of calories and proteins (within the first 24 hours) and
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reduced ICU mortality. The energy goal of critically ill patients may
be lower than the currently administered dose (25-30 kcal/kg/
day) and those efforts to achieve this goal might not be justified,
once critically ill patients, especially those who underwent surgery,
show some degree of digestive tract dysfunction that put them at
risk of serious complications when undergoing more aggressive
protocols of energy repletion. The strategy of an early and limited
amount of calories (not necessarily trophic nutrition) seems to be
associated with a better outcome. Prospective studies evaluating
and comparing these strategies are recommended.
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Abstract

Background: The different body components may contribute to the development of insulin resistance and type 2 diabetes mellitus. The aim of
the present study was to examine the association of fat mass and fat free mass indices with markers of insulin resistance, independently of each
other and giving, at the same time, gender-specific information in a wide cohort of European adolescents.

Methods: A cross-sectional study in a school setting was conducted in 925 (430 males) adolescents (14.9 = 1.2 years). Weight, height, anthropo-
metric, bioimpedance and blood parameters were measured. Indices for fat mass and fat free mass, and homeostatic model assessment (HOMA)
were calculated. Multiple regression analyses were performed adjusting for several confounders including fat free mass and fat mass when possible.

Results: Indices of fat mass were positively associated with HOMA (all p < 0.01) after adjusting for all the confounders including fat free mass
indices, in both sexes. Fat free mass indices were associated with HOMA, in both males and females, after adjusting for center, pubertal status,
socioeconomic status and cardiorespiratory fitness, but the associations disappear when including fat mass indices in the adjustment’s model.

Key words: Conclusion: Fat mass indices derived from different methods are positively associated with insulin resistance independently of several con-
Insulin resistance. founders including fat free mass indices. In addition, the relationship of fat free mass with insulin resistance is influenced by the amount of fat
Adolescent. Body fat. mass in European adolescents. Nevertheless, future studies should focus not only on the role of fat mass, but also on other body components
Obesity. such as fat free mass because its role could vary depending of the level and distribution of fat mass.

Resumen

Antecedentes: los diferentes componentes corporales pueden contribuir al desarrollo de resistencia a la insulina y diabetes mellitus de tipo 2. El
objetivo del presente estudio fue examinar la asociacion entre la masa grasa y la masa libre de grasa con marcadores de resistencia a la insulina,
valorando de forma independiente cada uno de ellos y aportando informacion especifica por sexo, en una amplia cohorte de adolescentes europeos.

Métodos: se realizo un estudio transversal en el dambito escolar en 925 (430 varones) adolescentes (14,9 + 1,2 afos). Se midieron peso, talla,
pliegues cutaneos e impedancia bioeléctrica. Se calcularon indices de masa grasa y libre de grasa y se calculd el indice HOMA. Se realizaron
analisis de regresion multiple ajustandolos segun varios factores de confusion, incluyendo la masa libre de grasa y masa grasa cuando fue posible.

Resultados: los indices de masa grasa se asociaron positivamente con HOMA (todos p < 0,01) después de ajustarlos segun todos los factores
de confusion, incluidos los marcadores de masa libre de grasa, en ambos sexos. Los indices de masa libre de grasa se asociaron con HOMA,
tanto en hombres como en mujeres, después de ajustar por pais, estadio puberal, nivel socio-econdmico y capacidad cardiorrespiratoria, pero

Palabras clave: las asociaciones desaparecieron al incluir marcadores de masa grasa en el modelo de ajuste.

Resistencia a la Conclusion: indices de masa grasa obtenidos segun diferentes métodos se asocian con la resistencia a la insulina, independientemente de varios
insulina. Adolescente. factores de confusion, incluyendo los indices de masa libre de grasa. Ademas, la cantidad de masa grasa influye en la relacion de la masa libre de grasa
Grasa corporal. con resistencia a la insulina en adolescentes europeos. Los estudios futuros deberian centrarse no solo en el papel de la masa grasa, sino también en
Obesidad. el de otros componentes corporales como la masa libre de grasa, ya que su papel podria variar dependiendo del nivel y distribucién de masa grasa.
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ABBREVIATIONS

BIA: Bioelectrical impedance or bioimpedance.

BMI: Body mass index.

CRF: Cardiorespiratory fitness.

HELENA-CSS: Healthy Lifestyle in Europe by Nutrition in Ado-
lescence Cross-Sectional Study.

HOMA: Homeostatic model assessment.

FAS: Family affluence scale.

FM: Fat mass.

FMS: Fat mass calculated by Slaughter.

FMSI: Fat mass calculated by Slaughter index.

FFM: Fat-free mass.

FFMB: Fat-free mass estimated from BIA.

FFMBI: Fat-free mass estimated from BIA index.

FFMS: Fat-free mass calculated by Slaughter.

FFMSI: Fat-free mass calculated by Slaughter index.

QUICKI: Quantitative insulin sensitivity check index.

T2DM: Type 2 diabetes mellitus.

INTRODUCTION

Insulin resistance is considered as a precursor of Type 2 diabetes
mellitus (T2DM), being an emerging problem among children and
adolescents (1), and leading to long-term serious health conse-
quences (2). The main risk factor for insulin resistance and T2DM
is obesity, as defined by an excess of body fat (3). In adolescents,
the most frequently identified features are diabetes precursors, as
impaired glucose tolerance, and especially insulin resistance.

In the literature, a positive association between adiposity and
insulin resistance in adolescents has been frequently described.
However, in most cases simple methods to assess total body fat,
such as the body mass index (BMI), have been used (4-6). Other
studies used different anthropometric measurements/indices like
sum of skinfold thickness (4,7), waist circumference (8) or waist-
hip ratio (3). However, in adolescents, there is limited information
on the role of different body components (fat and fat free mass) on
insulin resistance as these indices require specific measurement
methods, such as bioelectrical impedance analysis (BIA) (5,9).

The majority of the studies observed a positive association
between total and abdominal body fat with insulin resistance (10).
However, there are limited studies assessing the effect of other
body composition compartments as fat-free mass. Fat-free mass
is an indicator of muscle amount which is an important organ in
insulin metabolism and action (11).

The purpose of this study was to examine the association
between different body components, assessed through anthro-
pometric and BIA methods, and insulin resistance after adjusting
for several confounders, in a cohort of European adolescents.

METHODS

The HELENA-cross sectional study (HELENA-CSS) is a multi-centre
study performed in ten European cities from nine countries: Herak-
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lion and Athens (Greece), Dortmund (Germany), Ghent (Belgium), Lille
(France), Pécs (Hungary), Rome (ltaly), Stockholm (Sweden), Vienna
(Austria) and Zaragoza (Spain). This study was designed to obtain reli-
able and comparable data on the nutritional status of urban European
adolescents (12.5-17.5 years). The total sample of the HELENA-CSS
fulfilling all the inclusion criteria was 3,528 adolescents. It was decid-
ed to obtain blood samples in one third of the total HELENA-CSS
sample. The total sample size in which we obtained blood samples
was 1,089. From the total number of adolescents with blood sam-
ples, 925 (430 males) had valid data for BMI, fat mass (FM)/fat-free
mass (FFM) indices and homeostatic model assessment (HOMA)
index, constituting the overall sample included in the current study.
The sample size varied through the different variables used for the
analysis (the specific sample sizes are defined in the corresponding
tables). Data collection took place from 2006 to 2007 at school set-
ting. Detailed description of the HELENA-CSS sampling and recruit-
ment approaches, standardization and harmonization processes, data
collection, analysis strategies, quality control activities, and inclusion
criteria have been published elsewhere, with a complete description
of ethical issues and good clinical practice (12,13).

ETHICS STATEMENT

The study protocol was approved by the Ethics Committee at each
study centre following the ethical guidelines of the Declaration of
Helsinki 1964, the Good Clinical Practice, and the legislation about
clinical research in humans. The original names of the ten ethics
committees/institutional review boards were: 1) Ethics Committee
of the Harokopio University from Athens; 2) Ethics Committee of the
Medicine’s University from Dortmund; 3) Ethics Committee from
Ghent University Hospital; 4) Ethics Committee of the University of
Crete School of Medicine from Heraklion; 5) Protection committees
people from Lille; 6) A Pecsi Orvostudomanyi és Egészségtudo-
manyi Kézpont Regionalis Kutatas-Etikai Bizottsaga from Pecs; 7)
Ethics Committee of Medical Activities of the University of Naples
Federico Il, Naples; 8) Regional Ethics Committee from Stockholm;
9) Ethics Committee of the Medicine’s University from Vienne, and
10) Ethics Committee of clinic research of Aragon from Zaragoza.
Written informed consent was obtained from the parents (or guard-
ian) and adolescents participating in the study.

COVARIATES

Socioeconomic status was stablished by using the Family
Affluence Scale (FAS), which is based on the concept of material
conditions in the family to base the selection of items. Currie et
al. (14) chose a set of items which reflected family expenditure
and consumption that were relevant to family circumstances. Pos-
sessing these items was considered to reflect affluence and their
lack, on the other hand, material deprivation. The FAS has been
previously used in the HELENA-CSS as an index of socioeconomic
status (15). Pubertal status was evaluated by experienced phys-
icians according to the criteria of Tanner and Whitehouse (16).
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Cardiorespiratory fitness (CRF) was measured by the progres-
sive 20 m shuttle run test. This test required the subjects to run
back and forth between two lines set 20 m apart following a run-
ning pace determined by audio signals and with an initial speed of
8.5 km/h, increasing by 0.5 km/h every minute (1 minute equals
one stage). The test was finished when the adolescent failed to
reach the end lines concurrent with the audio signals on two
consecutive occasions and the final score was computed as the
number of stages completed (precision of 0.5 stages).

BODY COMPOSITION
Anthropometry

The anthropometric method followed in the HELENA-CSS has
been described in detail by Nagy et al. (17). In brief, body height
was measured to the nearest 0.1 cm with a stadiometer (SECA
225; SECA, Hamburg, Germany) while adolescents were standing
barefoot. Body mass was determined to the nearest 0.05 kg using
a balance scale (SECA 861; SECA, Hamburg, Germany) with the
subject in their underwear. BMI was calculated as body mass (kg)
divided by height (m) squared. A set of six skinfold thicknesses
(biceps, triceps, subscapular, suprailiac, thigh and medial calf) were
measured three consecutive times on the left side of the body, with a
Holtain caliper (Holtain, Ltd., Wales, UK) to the nearest 0.2 mm. The
waist circumference was measured using a non-elastic tape (SECA
200; SECA, Hamburg, Germany) to the nearest 0.1 ¢cm, according
to Lohman’s anthropometric standardization reference manual (18).
In every city, the same trained investigator made all skinfold thick-
ness measurements. For all the skinfold thickness measurements,
intra-observer technical errors of measurement were smaller than
1 mm and reliability, greater than 95%. Inter-observer reliability for
skinfolds was higher than 90% (17).

We calculated FM percentage (% FM) from skinfold thickness
measurements using the Slaughter’s equations (19) which have
shown to be a valid equation in adolescents (20). FFM Slaughter
(FFMS) in kilograms was derived by subtracting fat mass from
total body weight.

Bioelectrical impedance analysis

For BIA measurements, a classical tetra-polar bioelectrical
device was used by means of a 50 KHz BIA 101 AKERN (Akern
Srl., Firenze, Italy). Standard instructions for BIA measurements
were followed (21). FFM was estimated from BIA (FFMB) as mark-
er of muscle mass using validated formulas and, consequently,
FM from BIA (FMB) was calculated by subtraction.

Fat mass and fat-free mass indices

FM and FFM indices were calculated by dividing FM or FFM by
the square of height in meters as proposed in previous studies (22).

[Nutr Hosp 2016;33(3):533-539)

BLOOD SAMPLES

Detailed blood handling procedures have been described
elsewhere (23). Serum concentrations of glucose and insulin
were measured after an overnight fast. The HOMA index was
calculated as: (fasting insulin [pmol/I}/6-945) x (fasting glucose
[mmol/I)/22-5] (24). A quantitative insulin sensitivity check index
(QUICKI) was calculated as QUICKI = 1/(log insulin [plU/mL] +
logglucose [mg/dl]) (25).

STATISTICAL ANALYSIS

The data are presented as mean =+ standard deviation, unless
otherwise stated. To achieve normality in the residuals, sum of six
skinfold thickness,% FM, FM Slaughter (FMS), FMS index (FMSI)
and FMB index (FMBI) were transformed to the natural loga-
rithm and HOMA was raised to the power of 5.

Multiple linear regression models were used to study the asso-
ciations of both indices of FM and FFM with HOMA (outcome),
after adjusting for pubertal status, socioeconomic status, country,
indices of FM or FFM and cardiorespiratory fitness. Regression
analysis was performed for different models in table Il. Model |
included pubertal status, socioeconomic status and country
(entered as dummy variable) as confounders. Model Il included
model | plus the corresponding FFM index. Model Il included mod-
el Il plus cardiorespiratory fitness. In table Ill model | was similar
to table Il and model Il included model | plus the corresponding
FM index. Model Il included model | plus cardiorespiratory fit-
ness and model IV included model lll plus the corresponding FM
index. Sensitivity analyses were performed using QUICKI instead
of HOMA and the results did not change (data not shown).

The analyses were performed using the Predictive Analytics
SoftWare (PASW, version 20; SPSS Inc., Chicago, IL, USA) and
the level of significance was set to 0.05.

RESULTS

Table | shows the descriptive characteristics of the study sam-
ple. All fat mass indicators were significantly higher in females
than in males. At the opposite all fat-free mass indicators were
higher in males than in females.

The results of the multiple linear regression models showing the
association of indices of body fat with HOMA after adjusting for
country, pubertal status and socioeconomic status (model I), FFM
indicators (model Il: model I plus corresponding FFM indicators) and
cardiorespiratory fitness (model lll: model Il plus cardiorespiratory
fitness) are presented in table Il for males and females. In males, all
indicators of FIM were positively associated with HOMA (all p < 0.01)
in model I, I and Ill. In females, all indicators of FM were positively
associated with HOMA in model | and Il (all p < 0.001) but only
FMS and FMSI were associated with HOMA in model lll (p < 0.01).

Table Il shows the association of indicators of FFM with HOMA
after adjusting for country, pubertal status and socioeconomic
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Table I. Descriptive characteristics of the studied sample of European adolescents

All (n = 925) Males (n = 430) Females (n = 495) | p value

Age (vears) 149 | + |12 | 149 + [ 13| 149] = | 12| o067

Puberal status (/I/1II/IV/V)? 1/5/19/44/31 1/7/19/42/30 0/4/19/46/31

Weight (kg) 59.3 + 12.7 | 62.7 + 143 | 56.2 + 10.2 < 0.001

Height (m) 1.66 + 0.09 | 1.70 + 010 | 1.62 + 0.07 < 0.001

BMI (kg/m?) 21.4 + 37 | 215 + 40 | 214 + 3.4 0.677
Cardiorespiratory fitness (stages)" 4.8 + 2.8 6.3 + 2.8 3.4 + 1.8 < 0.001

Indices of insulin resistance

Insulin (uIl/mL) 10.1 + 76 | 101 + 8.7 | 10.2 + 6.5 0.750

HOMA 2.3 + 1.9 2.3 + 2.2 2.3 + 1.6 0.572

QUICKI 0.151 + 0.013 | 0.152 + 0.014 | 0.151 + | 0.012 0.096

Body composition; fat mass indices

% Fat mass S (%)b¢ 235 + 94 | 201 + 108 | 26.4 + 6.9 < 0.001

Fat mass S (kg)°* 14.5 + 84 | 135 + 100 | 153 + 6.6 < 0.001

Fat mass index S (kg/ht?)"¢ 5.3 + 3.0 4.6 + 3.5 5.8 2.5 < 0.001
Fat mass B (kg)*¢ 12.5 + 7.2 10.3 + 6.9 14.5 + 6.8 < 0.001

Fat mass index B (kg/ht?)° 4.6 + 2.7 3.5 + 2.4 55 + 2.5 < 0.001

Body composition; fat-free mass indices

Fat-free mass S (kg)° 44.6 + 82 | 49.2 + 8.9 | 409 + 5.2 < 0.001
Fat-free mass index S (kg/ht?) 16.1 + 1.7 16.8 + 1.7 15.6 + 1.4 < 0.001
Fat-free mass B (kg)? 46.6 + 8.7 52.2 + 8.9 a7 + 4.6 < 0.001
Fat-free mass index B (kg/ht?) 16.8 + 1.8 17.9 + 1.8 15.9 + 11 < 0.001

All values are mean + standard deviation or ?percentages. B: Bioimpedance; BMI: Body mass index; HOMA: Homeostasis Model Assessment; S: Slaugther. Non-
transformed data are presented in this table, but analyses were performed on *log-transformed data, °calculated from Slaughter (19) and ¢ derived from bioimpedance.

status (model I), FM indicators (model Il: model | plus corres-
ponding FM indicator) or cardiorespiratory fitness (model Ill:
model | plus cardiorespiratory fitness) and FM indicator and
cardiorespiratory fitness simultaneously (model IV: model Il
plus the corresponding FM indicator) for males and females. In
males, FFMB was positively associated with HOMA in models |
and Il (both p < 0.001), but not in models including adjust-
ments by FM indicators (models Il and IV). FFMBI was signifi-
cantly associated with HOMA in all the models of adjustment
(all p < 0.001). In females, all the FFM indices were significantly
associated with HOMA in model | (all p < 0.05); while FFMB and
FFMBI were associated with HOMA in model Ill. No FFM indicator
was associated with HOMA in models including adjustment by
FM indicators (models Il and 1V).

DISCUSSION

The main finding of our study indicates that all the FM indi-
ces derived from different methods are positively associated with
indices of insulin resistance independently of several confounders

including FFM as index of muscle mass in both genders. Moreover,
FFM seem to be related with insulin resistance in some cases
but this association is mainly mediated by FM component, and
when the relationship is adjusted by FM significance disappeared
and the direction of this turned on negative (without significance).

Our results concur with recent published data in which the
relationship between adiposity (triceps and subscapular skinfold
thickness) and total body fat from dual energy X-ray absorpti-
ometry in their associations with insulin resistance (HOMA) was
analyzed for a large sample of US adolescents (26). They found
that triceps and subscapular skinfold thicknesses estimate insulin
resistance and identify those at highest risk for insulin resistance.
Skinfold thickness provides an inexpensive and widely applic-
able measure of fatness that is appropriate for studies of insulin
resistance and perhaps other metabolic variables in adolescents.
Moreover, Carneiro et al. (2014) showed in 148 adolescents how
several anthropometric indices were statistically and positively
correlated to HOMA, however, any index of FFM was considered
in this study (27). Weding VK et al. described in 1,298 adolescents
that one of the best predictor of HOMA was percentage of body
fat (BIA) suggesting that this can be attributed partly to the ability
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Table Il. Linear regression models showing the association of indices of body fat with HOMA

Model | Model Il Model llI
Males N B R? p § R? p N B R? p

Fat mass S (kg)* 0.401 | 0.202 | <0.001 | 0.430 | 0.203 | <0.001 0.438 | 0.202 | <0.001
Fat mass S Index (kg/ht?)2® 430 0417 | 0206 | <0.001 | 0.416 | 0.204 | <0.001 25 0.423 | 0.201 | <0.001

Fat mass B (kg 0.353 | 0.161 | <0.001 | 0.299 | 0.164 | <0.001 0.258 | 0.163 | <0.001
Fat mass B index (kg/ht?)¢ 0.354 | 0.164 | <0.001 | 0.218 | 0.19 | <0.001 0.189 | 0.187 | <0.01

Females

Fat mass S (kg)* 0.295 | 0.149 | <0.001 | 0.327 | 0.149 | <0.001 0.200 | 0.166 | <0.01
Fat mass S index (kg/ht?)2® 495 0.294 | 0.149 | <0.001 | 0.325 | 0.149 | <0.001 265 0.205 | 0.164 | <0.01

Fat mass B (kg) 0.237 | 0.126 | <0.001 | 0.215 | 0.126 | <0.001 0.091 0.16 0.231
Fat mass B index (kg/ht?)2¢ 0.236 | 0.127 | <0.001 | 0.201 | 0.128 | <0.001 0.083 | 0.16 0.283

Model I includes country, pubertal status, socioeconomic status. Model Il includes model | plus the corresponding fat free mass marker. Model lll includes Il plus
cardiorespiratory fitness. B Standardized regression coefficients; RP: Coefficients of determination; B: bioimpedance; HOMA: Homeostasis Model Assessment: ht:
Height; S: Slaughter. ¢: Log-transformed data, *: Calculated from Slaughter (19); ¢: Derived from bioimpedance. Fat mass indexes calculated by dividing fat mass by the

square of height in meters.

Table lll. Linear regression models showing the association of indices of fat free mass with HOMA

Model | (n = 430) Model Il (n = 430) Model Il (n = 352) Model IV (n = 352)
Males § R p § R? p § R? p B R? p
Fat free mass S (kg)® 0,102 | 0.06 | 0.098 | -0.074 | 0.203 | 0.223 | 0.098 | 0.08 016 | -0.096 | 0.202 | 0.174
Fat free mass S Index (kg/nt3® | 0.096 | 0.061 | 0.078 | 0.005 | 0.204 | 0.916 | 0.099 | 0.082 | 0.101 | -0.014 | 0.201 | 0.814
Fat free mass B (kg)° 0.31 | 0.117 | <0.001 | 0.105 | 0.164 | 0.114 |0.297 | 0.134 | <0.001 | 0.127 | 0.163 | 0.090
Fat free mass B index (kg/nt3° | 0.367 | 0.168 | < 0.001 | 0.227 | 0.190 | <0.001 | 0.343 | 0.175 | <0.001 | 0.232 | 0.187 | < 0.001
Females Model | (n = 495) Model Il (n = 430) Model Il (n = 365) Model IV (n = 365)
Fat free mass S (kg)® 0.112 1 0.089 | <0.05 | -0.06 |0.149| 0.269 |0.103 |0.149 | 0.057 | 0.001 |0.166 | 0.991
Fat free mass S Index (kg/nt3® | 0.010 | 0.089 | <0.05 | -0.058 | 0.149 | 0.282 | 0.081 | 0.146 | 0.134 | -0.018 | 0.164 | 0.779
Fat free mass B (kg)° 0.146 | 0.099 | <0.01 | 0.042 | 0.126 | 0.428 |0.148 | 0.159 | <0.01 | 0.094 |0.160 | 0.179
Fat free mass B index (kg/nt?® | 0.163 | 0.105 | < 0.001 | 0.064 | 1.280 | 0.219 | 0.146 | 0.160 | <0.01 | 0.099 | 0.160 | 0.136

Model I includes country, pubertal status, socioeconomic status. Model Il includes model | plus the corresponding fat mass marker. Model Ill includes I plus
cardiorespiratory fitness. Model IV includes il plus the corresponding fat mass marker. . standardized regression coefficients; R?: coefficients of determination;
B: bioimpedance; HOMA: Homeostasis Model Assessment; ht: Height; S: Slaughter; #: Calculated from Slaughter (19); °: Derived from bioimpedance. Fat Mass Indexes

calculated by dividing fat mass by the square of height in meters.

of percentage body fat to model HOMA among leaner participants
(28). However, it is of importance to highlight that none of the cited
studies studied the role of muscle mass neither accounted in their
analyses for indices of muscle mass derived from Slaughter or
BIA, which in some cases could affect these kinds of relation-
ships. In this regard, our findings indicate the positive association
between indices of fat mass and insulin resistance remains sig-
nificant after adjusting for several confounders including muscle
components in both genders.

On the other hand, the specific role of muscle components on
insulin resistance has been little studied. Lee et al. (2013) studied
the relationship of insulin sensitivity with intermusular adipose
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tissue, skeletal muscle mass (whole-body magnetic resonance
imaging) and quality in 40 obese adolescents boys (29). They
reported intermusular adipose tissue and skeletal muscle quality,
but not muscle mass, were associated with insulin sensitivity in
obese adolescent boys after adjusting for pubertal status and race.
However, Unni et al. (2009) analyzed the association of muscle
mass (apendicular lean soft tissue) and body fat percentage (dual-
energy X-ray absorptiometry) with insulin sensitivity in 51 young
Indian men. They showed body fat percentage, BMI and muscle
mass correlated with insulin resistance. Moreover, in the stepwise
multiple linear regression model only BMI and muscle mass enter
in the model and explained 49% of the variance in insulin sensi-
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tivity (30). Despite using precise methods to assess muscle mass,
these studies did not concluded in the same direction regarding
the role of muscle mass on insulin resistance/sensitivity. Some
aspects that could contribute to the controversy results between
studies are the lack of a strong statistical adjustment model and
the sample size of the studies. However, our study showed in an
initial model that muscle mass was positively associated with
insulin resistance in 925 European adolescents after adjusting
for pubertal status, socioeconomic status, country and cardiores-
piratory fitness. Moreover, when FM was included in the adjust-
ment’s model the association disappeared and the direction of
association was inverted. These findings indicated that FM is a
mediation factor in the role of muscle mass on insulin resistance
in European adolescents.

Despite the fact that muscle is an important location for glucose
disposal and insulin sensitivity, it is plausible that a low muscle
mass and reduced muscle oxidation capacity (31) may act as
determinant of whole-body fat oxidation and therefore, fat balance
(32), thereby creating an interaction between fat and muscle mass
as underlying mechanism related with insulin resistance.

The overall findings from this research could be useful for future
studies in considering the different body components and adjust-
ments when studying the relationship of body composition with
insulin resistance. Although the study is not representative enough
to recommend the generalization of its results to the population, it
is plausible to suggest that the interaction between body compon-
ents and insulin resistance could have a similar pattern in other
adolescent populations, making these findings more interesting.

The present study has several limitations. Due to its cross-sec-
tional design, the observed associations cannot be interpreted
to reflect causal relationships. In addition, body composition has
been measured with indirect methods (Slaughter equation and
an estimating formula from BIA). However, several studies con-
sidered these methods as valid and accurate tools (18,19,33).
Although FFM may be considered as an index of muscle mass,
the way it was measured could include some bias as FFM also
includes bone and residual mass. An important strength is the
large and heterogeneous sample with gender-specific informa-
tion, to control for several confounders including indices of fat
mass and muscle.

Fat mass indices derived from different methods are positivity
associated with insulin resistance independently of several con-
founders including fat free mass indices. In addition, the rela-
tionship of fat-free mass with insulin resistance is mediated by
the amount of fat mass in European adolescents. Nevertheless,
future studies should focus not only on the role of fat mass, but
also in other body components such as fat free mass because
its role could vary depending of the level and distribution of fat
mass in adolescents.
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Abstract

Anorexia nervosa (AN) is the most prevalent of eating disorders in children and adolescents, and its treatment is long and complex, involving a
multidisciplinary team. Nutritional rehabilitation and restoration of a healthy body weight is one of the central goals in the initial stages of inpatient
treatment. However, current recommendations on initial energy requirements for these patients are inconsistent, with a clear lack of controlled
studies, available scientific evidence and global consensus on the most effective and safe refeeding practices in hospitalized adolescents with
anorexia nervosa (AN). Conservative refeeding recommendations have been classically established in order to prevent the refeeding syndrome.

Key words: Nevertheless, various works have recently appeared advocating a higher initial caloric intake, without observing more complications or refeeding
Anorexia nervosa. syndrome, and allowing a shorter average stay. We present our experience in the treatment of restricting AN with a conservative progressive
Adolescent. treatment. We have obtained good results with this approach, which was well tolerated by patients, with no observing complications. As a con-
Nutritional treatment. sequence, the medical team could establish a pact about the therapeutic goals with the patients in an easier way.

Resumen

La anorexia nerviosa (AN) es el trastorno del comportamiento alimentario mas prevalente en nifios y adolescentes; su tratamiento es largo y
complejo, e involucra a mdltiples profesionales. La rehabilitacion nutricional y la recuperacion de un peso corporal normal es uno de los objetivos
centrales en las fases iniciales del tratamiento del paciente ingresado. Sin embargo, las recomendaciones actuales sobre los requerimientos
energéticos iniciales para estos pacientes son inconsistentes, con una clara ausencia de estudios controlados, evidencia cientifica disponible y
consenso global sobre la forma de realimentacion mas efectiva y segura en adolescentes ingresados con anorexia nerviosa (AN). Clasicamente

Palabras clave: se han recomendado una realimentacion conservadora para prevenir el sindrome de realimentacion. No obstante, han aparecido recientemente
Anorexia nerviosa. varios trabajos recomendado una ingesta caldrica inicial mas elevada, sin observar mas complicaciones ni sindrome de realimentacion, y aso-
Adolescente. ciadas a estancias medias mas cortas. Presentamos aqui nuestra experiencia en el tratamiento de la AN restrictiva con un tratamiento progresivo
Tratamiento conservador. Hemos obtenido buenos resultados con este abordaje, bien tolerando por los pacientes, y sin observar complicaciones. Gracias a
nutricional. él, el equipo médico pudo establecer mas facilmente un acuerdo sobre los objetivos terapéuticos con el paciente.
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NUTRITIONAL APPROACH OF INPATIENTS WITH ANOREXIA NERVOSA

INTRODUCTION

Anorexia nervosa (AN) is a common, serious and potentially
life-threatening mental disorder, with a 10:1 female-male ratio,
and it is the most prevalent of eating disorders in children and
adolescents. It has a typical onset in adolescence and high rates
of medical complications, as well as psychosocial and psychiatric
comorbidity, with a remarkable impairment of the health-related
quality of life (1,2). Nearly half of adolescent girls with AN will
develop at least one additional psychiatric disorder in their lifetime,
most commonly major depressive and anxiety disorders (1), and
AN has the highest mortality rate among psychiatric diseases (3).

In the last edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) (4), AN fell into the category of dis-
ordered eating, where there is an irrational fear of normal body
weight, a desire for thinness and avoiding weight gain, leading
to body image distortion (5-7). It is characterized by a severe
restriction in energy intake that leads to low body weight. The
principal diagnostic changes from DSM-IV-TR are the removal of
the amenorrhea criterion due to a lack of clinical utility and the
recognition that a large percentage of individuals with AN do not
report a fear of fatness or weight gain. Thus, to meet criteria for
AN, individuals can either report a fear of weight gain or the pres-
ence of persistent behavior that interferes with weight gain (1).

The rate of adolescents presenting anorexia nervosa is increas-
ing, perhaps due to the change in the diagnostic criteria (8), and
patients are presenting it at an earlier age. Approximately 40% of
all new cases appear in 15-19 year-old-females (5).

Many adolescents with AN practice vegetarianism with high
fiber, low fat, normal protein levels, and low or normal carbohydrate
intakes, which often do not meet basal nutritional requirements (5).

The treatment for AN is long and complex, involving a multi-
disciplinary team. In addition to nutritional rehabilitation, cogni-
tive-behavioral psychotherapy and family therapy have all shown
to be effective in treating patients with anorexia nervosa (7,9).
Nutritional rehabilitation and restoration of a healthy body weight
is one of the central goals in the initial stages of inpatient treat-
ment for children and adolescents with AN, manifesting under-
weight or medically compromised, and it is an essential step for
overall rehabilitation and recovery (5,10,11).

However, current recommendations on initial energy require-
ments for this patients are inconsistent, with a clear lack of con-
trolled studies, available scientific evidence and global consensus
on the most effective and safe refeeding practices in hospitalized
adolescents with AN (6,8,12). The most common inpatient practice,
based on international guidelines such as those of the American
Dietetic Association (13), is conservative and begins the refeeding
process cautiously. Inpatient programs often start weight rehabili-
tation on low-calorie diets of 1,000-1,200 kcal/day, typically 30-40
kcal/kg body weight/day or even less (until 10-20 kcal/kg/day) in
severely-emaciated patients, with a progressive increase during the
time of hospitalization, because of concerns about refeeding syn-
drome (5,6). The goal is to achieve an average weekly weight gain
of 0.510 1 kg in inpatient setting (14,15), but for others it would be
1-2 kg/week during hospitalization (5).
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Since refeeding syndrome was first described in the 1950s
(16,17), it has been documented in patients with AN (18-20), and
conservative refeeding recommendations have been established
(21). Refeeding syndrome is primarily developed during the first
fortnight after starting refeeding. Later in the refeeding process,
most guidelines recommend a stepwise increase of daily intake
such as 100-200 kcal/day (5).

However, various works have recently appeared advocating a
higher initial caloric intake, without observing more complications
or refeeding syndrome, and allowing a shorter average stay. More-
over, some authors argue that initiating very low energy intakes
can have deleterious effects on weight gain (8). Refeeding syn-
drome is caused by a correction of malnutrition which is too fast,
but on the other hand, we also need to avoid underfeeding caused
by a rate of refeeding which is too cautious (22,23).

We describe in this study our experience about the nutritional
therapy in adolescent patients with anorexia nervosa, according
to an established method of refeeding.

METHODS

This observational study was carried out in a group of AN inpa-
tients admitted in a regional specific adolescent psychiatric unit,
initially diagnosed by the DSM-IV-R criteria, and subsequently by
the DSM-V criteria when they were published (4). This service is the
only inpatient unit of child and adolescent psychiatry in our region.

The aim of this study was to examine weight gain, adverse
events, prevalence of refeeding syndrome, and average length of
stay, by reviewing retrospectively the charts data of a consecutive
unselected AN sample during 7 years, from May 2007 to July 2014.
Moreover, clinical, biochemical, and nutritional data were collected
up during this review. The admission in the unit was decided by
the Department of Psychiatry, and there was no serious nutrition-
al commitment in all the cases. There may have been different
psychiatric reasons than the nutritional ones causing this hospital
admission. We have only included the cases of restricting AN which
had been made an indirect calorimetry. We have discarded the
cases of bulimia nervosa and hinge eating/purging subtypes of AN.

All patients underwent a protocol of refeeding starting with a
1,000 calories diet, and with a progressive increase as tolerated
of 200 kcal every 3-4 days until 2,000 kcal were reached before
discharge.

No systematic additional mineral and vitamin supplementation
was provided to patients.

On admission, a complete analytical study was conducted in all
cases, including hemogram parameters and biochemistry, thyroid
hormones, and serologic testing for celiac disease. The clinical
analysis was repeated if needed by evolution, or in the presence
of symptoms of refeeding syndrome.

The body composition (fat mass [FM], and fat-free mass [FFM])
was calculated by anthropometric methods (skinfold thickness). In
most cases we evaluated the resting energy expenditure (REE) by
fasting indirect calorimetry in the first days (Deltatrac). Data were
collected in the morning, after 12 h of fasting.
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We define a theoretical “healthy body weight” or “expected
weight” as a goal of nutritional therapy before discharge, indica-
tive goal for psychiatrists, the cut-off point to grade 1 thinness of
Cole et al. (24), adjusted for age and sex.

In case of readmission, only the first entry in the unit was analyzed.

RESULTS

This study included 50 adolescents under 18 years of age
(average age 14.51 + 1.55 years, with an age range of 11.3-17.5
years). This age was significantly higher in males than females
(15.38 v5. 14.23y) (p < 0.05).

Among our patients, 76% were women, keeping a male/female
ratio of 3.1/1. In this series an unusual high percentage of males
is observed.

The average body mass index at admission and discharge were
respectively 15.45 + 1.14, and 17.58 + 0.77 kg/m?, and the
average Z-scores, taking Spanish graphics (Carrascosa, 2010)
into consideration, were -1.54 + 0.33 and -0.93 + 0.26, with no
differences between sexes. At admission, 48% of them showed
grade 1 thinness, 32% presented grade 2, and 18% had grade
3 of Cole.

No serious electrolyte disturbance was observed in any of the
patients on admission, although some of them needed initial intra-
venous fluids due to mild hypoglycemia and no recent intake. They
did not show any symptoms suggesting refeeding syndrome in
evolution, and none received vitamin and mineral oral supple-
ments. Nevertheless, the patients may have received psychiatric
drug treatment during their stay. However, almost all cases had
abdominal pain at baseline, and occasionally diarrhea.

The average resting energy expenditure (REE) in these patients
on admission was 827.11 kcal = 178.65 Kcal. When adjusted
for FFM, the REE kcal/kg FMM ratio was 24.55 + 4.75. There
were no gender differences in these parameters. In a previous
research, we studied a control group of healthy children between
8-17 years, who presented a significantly lower REE of 1,353 +
270 kcal, and the REE/FFM ratio was 37.37 = 3 (p < 0.05) (25).
Only 4 cases (8%) needed enteral feeding by nasogastric tube
temporarily as they did not achieve the oral intake goal, with a
polymeric standard formulae; and 8 cases (16%) needed energy
supplements for a while to help managing the nutritional objective.
The average length of stay was 44.54 + 17.75 days.

Patient cooperation was always adequate, and it was easy to
establish therapeutic agreements about nutritional goals between
the patient and the medical team. This was likely due to our slow
and progressive dietary pattern.

After hospital discharge, patients were followed for some time
in the day hospital or in their home-provinces.

DISCUSSION

Regaining weight during hospitalization and the maintenance
of this weight gain after discharge have been shown to be one

J. M. Marugan de Miguelsanz et al.

of the major prognostic factors and predict favorable short and
long-term outcomes, and these have been associated with an
improvement in a number of psychological and medical compli-
cations (5,11). Restoring weight in young patients can also reverse
growth retardation, developmental delay, and compromised bone
density (6).

Apart from other options, such as day hospital treatment or
outpatient therapy, inpatient is the treatment of choice in moder-
ately to severely ill adolescents. We must take into account that
adolescents with AN often do not want to be hospitalized and
tend to experience hospitalization as more coercive than adults
patients do (5).

One of the medical complications that can occur by treating
severely malnourished patients is a refeeding syndrome, which is
a potentially fatal disease. The adverse effects of rapid acute refeed-
ing have been known since the experience with rehabilitation of
concentration camp survivors. This syndrome is caused by a shiftin
fluid and electrolytes (particularly phosphate) from the extracellular
to intracellular spaces upon refeeding, when insulin is released in
response to an influx of nutrients (particularly carbohydrate). This
results in electrolyte abnormalities, in particular hypophosphatemia,
hypokalemia, and hypomagnesemia, glucose intolerance and thia-
mine deficiency, and can cause muscle weakness, delirium, coma,
ataxia, arrhythmias and congestive heart failure or arrest (11).
Areview of the literature has revealed an average incidence rate of
refeeding hypophosphatemia of 14% (8).

In order to prevent this syndrome, current recommendations
for refeeding in anorexia nervosa (AN) are conservative, beginning
around 1,000-1,200 calories (26). Nevertheless, some authors
have denounced an “underfeeding syndrome” (22,23). Due to
the lack of scientific evidence and risks of under and overfeeding,
researchers have started to investigate feeding regimes in hospit-
alized adolescents with AN.

In 2010, Whitelaw et al. published the first report of higher
calorie meal-based refeeding showing good outcomes, beginning
around 1,900 calories and increasing by 500 calories in the first
5 days, but 37% of patients required phosphate supplementation
for hypophosphatemia (27).

After this, Garber et al. compared moderately malnourished
adolescents with AN during refeeding on higher calorie diets start-
ing around 1,800 calories (1,400-2,400) and advancing by about
120 calories per day in the first week, versus lower calorie diets
starting around 1,100 calories (800-1,200) and advancing by
approximately 100 calories per day (21,26). Higher calorie diets
increased the rate of weight gain and shortened the stay for hos-
pitalized adolescents with AN, although they had a greater tendency
to receive phosphate supplementation to avoid refeeding syndrome,
and 45% of participants had a low serum phosphorus level.

Furthermore, similar experiences have been recently published
(28,29), showing no increase in the refeeding syndrome inci-
dence. However, in order to reach that effect, they have more
often resorted to nasogastric feeding, which can damage the
psychological engagement with the patients (30,31).

Besides, most authors state that refeeding syndrome depends
more on the degree of malnutrition at admission, than on the

[Nutr Hosp 2016;33(3):540-543]
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speed of caloric intake (6,21,32). As a matter of fact, even at low
caloric intakes, refeeding syndrome has still been documented
(8,29).

All these data could support more aggressive approaches to
nutritional rehabilitation for hospitalized adolescents with AN com-
pared to current recommendations and practice (10).

Yet, we must also consider other relevant aspects. Providing
such big amounts of food to the inpatient could cause an increase
in the level of anxiety and, consequently, treatment resistance (11).
Furthermore, abdominal discomfort and psychological distress
may appear. Moreover, this approach would require monitoring
levels of phosphorus, magnesium, potassium, and calcium at least
for the first 5 days; and an electrocardiogram (EKG) should be also
carried out. What is more, with that more aggressive approach,
additional mineral and vitamin systematic supplementation ought
to be performed, and the patient’s level of satisfaction should also
be assessed, as well as the long-term evolution and the number of
readmissions. Finally, the results in adolescents and adults must
be analyzed separately.

On the contrary, as other authors (33), we have obtained
good results with a classic progressive pattern, which was well
accepted and tolerated by patients, without observing complica-
tions. This approach allowed a kind of pact to be made regarding
the therapeutic goals between the patients and the medical team

As it has recently been claimed by a panel of European experts
(5), there is an urgent need to improve the available evidence
base and resulting clinical guidance to decision-making in the
management of the adolescent inpatient management, refeeding
and nutritional rehabilitation of AN.
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Resumen

Introduccion: el bajo peso al nacer (BPN) es un factor de riesgo para desarrollar obesidad en la vida adulta.
Objetivo: evaluar diferencias en la composicion corporal de nifios de entre 8 y 10 afios de edad con y sin antecedente de BPN.

Métodos: fue un estudio observacional, transversal comparativo. Participaron 112 nifios (95 con adecuado peso al nacer [APN] y 17 con BPN).
Se realizé antropometria (peso, talla, circunferencias de cintura y cadera, pliegue cutaneo de triceps [PCT] y subescapular [PCSE]).

Resultados: se encontrd una prevalencia combinada del 41% para sobrepeso y obesidad en ambos grupos de estudio. El porcentaje de grasa
corporal total fue menor en las nifias con BPN (no significativo); sin embargo, el indicador PCT-PCSE fue significativamente més alto (p = 0,04)
que el de las nifias con APN. En contra de lo esperado, al estratificar segun porcentaje de grasa y peso al nacer, se encontré que el grupo con

Palabras clave: BPN presentd un porcentaje de grasa bajo (p < 0,05) en comparacion con el grupo de APN, siendo 6 veces mayor la posibilidad de que un nifio
con BPN presente porcentaje de grasa total bajo a esta edad.

Bajo peso al . . . » .
najcerp Obesidad Conclusiones: a estas edades no se encontrd mayor porcentaje de grasa en el grupo con BPN en comparacion con el de APN; sin embargo, las
Composicin nifias con BPN presentaron mayor deposicion de grasa troncal que las de APN. La deposicion de grasa es un indicador que hay que considerar,
corporal. Escolares. y no Unicamente el indice de masa corporal, en la evaluacion nutricia infantil.

Abstract

Introduction: Low birth weight is a risk factor for the development of obesity in adulthood.

Objective: The aim of this study was to assess differences in body composition in 8 to 10-year old, children with or without a history of low
birth weight (LBW).

Methods: This was a cross-sectional comparative study. A sample of 112 children were included, 95 with adequate birth weight (ABW) and
17 with a history of LBW. Anthropometric measurements were taken (body height and weight, waist and thigh circumferences, triceps [TSF]
and subscapular skinfolds [SESF]).

Results: A 41% combined prevalence for overweight and obesity was found in both groups. Total body fat in LBW girls was lower (not significant)
Key words: than that in the ABW group, however the TSF-SESF index was higher (p = 0.04) in LBW girls than in ABW girls. When stratifying by body fat
percentage and body weight history, the LBW group had a lower body fat percentage (p < 0.05) compared with the ABW group, and six times

'(-)%"gs?ti;”ég:yigm' the possibility of having low fat storages at this age.
compo§i1ign_ Grade- Conclusions: In these children, total fat mass was not higher in the LBW group as expected, although LBW girls tend to deposit more fat at the
school children. trunk compared with ABW counterparts. When assessing children, body fat deposition should be taken into account and not only body mass index.
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INTRODUCCION

La Organizacion Mundial de la Salud (OMS) define el bajo peso
al nacer (BPN) como un peso inferior a 2.500 g, independien-
temente de la edad gestacional. EI BPN guarda una estrecha
relacion con la acumulacion excesiva de grasa, que se considera
un factor clave para el desarrollo y progresion de enfermedades
cronicas no transmisibles como diabetes mellitus, hipertension
arterial, dislipidemia, resistencia a la insulina, enfermedad renal
cronica, entre otras (1). El patrén de adiposidad es variable,
ya que depende del sexo, de la etapa ontogénica, de factores
ambientales que modulan la expresion de genes implicados en
la composicion corporal y de la etnia (2). El estudio de la compo-
sicion corporal en etapa infantil y, particularmente, de la acumu-
lacion de grasa en diferentes sitios, predice riesgos de obesidad
en la edad adulta, por lo que su evaluacion en periodos de creci-
miento acelerado (como es la pubertad) es de gran importancia,
ya que de esta forma se pueden hacer intervenciones tempranas
con el fin de prevenir la obesidad (3) (Guo y cols, 2002). Al punto
en el cual se ve acelerada la acumulacion de grasa corporal se
le conoce como rebote de adiposidad, y describe el momento
en el cual la curva del indice de masa corporal (IMC) comienza a
incrementarse debido a una acumulacion de masa grasa; rebote
que ocurre entre los 5y 8 afios de edad (4,5) (Rolland-Cachera
y cols, 1984). Sin embargo, este proceso se presenta aproxima-
damente a los 6 afos de edad en nifios con BPN y tiende a ser
mas acentuado cuando el incremento de peso se da de manera
acelerada en los primeros afios de vida, lo que ademas aumenta
considerablemente el riesgo para desarrollar obesidad, resisten-
cia a la insulina y enfermedad cardiovascular en la edad adulta
(5,6). Ibafiez y cols. (2008) (7) reportaron en nifios espafoles
de 6 afios con antecedente de BPN la presencia de 50% mas
grasa visceral, en comparacion con nifios con adecuado peso
al nacer (APN), incluso comparados con nifios sin sobrepeso.
Lo anterior se considera el resultado de una programacion que
comprende una menor proporcion de masa muscular. Asi, exis-
te asociacion entre el BPN, menor superficie corporal y mayor
tendencia al desarrollo de adiposidad, particularmente de tipo
abdominal (8-10).

OBJETIVO

El objetivo del estudio fue evaluar diferencias en la composicion
corporal de nifios escolares entre 8 y 10 afos de edad con y sin
antecedente de bajo peso al nacer.

METODOS

DISENO
Fue un estudio observacional, de tipo transversal, comparativo,

que se llevo a cabo en 112 nifios entre 8 y 10 afios de edad, con
y sin antecedente de BPN; 95 con APN 'y 17 con BPN.

[Nutr Hosp 2016;33(3):544-548]

POBLACION

Participaron nifios de ambos sexos, con al menos 37 semanas
de gestacion (SDG), con y sin antecedente de BPN (1.501-2.500 g).
Como criterios de exclusion se consideraron: nifios con infeccion acti-
va en el momento del estudio, diagndstico previo de enfermedad cro-
nica no transmisible, trastornos del desarrollo o discapacidad fisica.

MEDICIONES Y ANALISIS

Previa autorizacion del Comité de Bioética de la Facultad de
Ciencias Naturales y siguiendo lo estipulado por la Declaracion
de Helsinki, se invito a participar a nifios adscritos a dos escuelas
en Santa Maria Magdalena, a escuelas de Santa Rosa Jauregui,
Jurica y Lomas de Casa Blanca, en el municipio de Querétaro, y
a la unidad médica en La Griega, a cargo del Sistema DIF en el
municipio del Marqués del estado de Querétaro.

ANTROPOMETRIA Y COMPOSICION
CORPORAL

Se tom¢ talla, peso, circunferencia de cintura (CC), pliegue
cutaneo tricipital (PCT) y pliegue cutaneo subescapular (PCSE).
Estas medidas se realizaron por duplicado, con base en los linea-
mientos de la International Society for Advance of Kinanthropo-
metry (ISAK) (11), y en caso de encontrar diferencias de 0,5 cm
en circunferencias o de 0,2 mm en paniculos adiposos, se realizd
una tercera medicion. Para obtener el diagndstico nutricio se utili-
70 el software Anthroplus de la Organizacion Mundial de la Salud
(OMS), con base en puntaje Z; se utilizaron los indicadores de
talla-edad (T-E), peso-edad (P-E) e IMC-edad (IMC-E) (12).

El porcentaje de grasa corporal se estimo empleando la combi-
nacion de los pliegues cutaneos subescapular y tricipital, los cuales
reflejan grasa subcutanea central y periférica, respectivamente; ade-
mas se calculd el indice triceps/subescapular, el cual es un indicador
de grasa troncal (13,14). El porcentaje de grasa se estratifico en ran-
gos, para lo cual se utilizaron las tablas de Laurson KR y cols. (2011)
(15). Se considerd un percentil igual 0 menor a 10 como porcentaje
de grasa bajo, entre los percentiles 25 y 75 como porcentaje de
grasa normal, entre el percentil 85 y 90 como sobrepeso y un per-
centil mayor o igual a 90 como obesidad. Para valorar acumulacion
de grasa visceral y riesgo metabolico se midid la circunferencia de
cintura'y se consideraron como riesgo valores superiores al percentil
90 de las tablas de Fernandez y cols. (2004) (16).

Se utilizd estadistica descriptiva como promedios y desviaciones
estandar. Para evaluar la asociacion entre variables se realizo regre-
sion lineal y correlacion de Pearson o Spearman, segun distribucion
de la variable. Para obtener diferencias entre los grupos de estudio,
en las variables continuas y con distribucion normal, se utilizo la
prueba T de Student. Las variables categdricas fueron evaluadas
con Chi-cuadrado con calculo de razon de momios (OR). Se con-
siderd estadisticamente significativa una p < 0,05. Los datos se
procesaron con el paquete estadistico SPSS v.22 para Windows.
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RESULTADOS

Participaron 112 nifios (95 con APN y 17 con BPN). El 52,6%
fueron mujeres (47 con APN 'y 11 con BPN) y 47,3% hombres (48
conAPN 'y 6 con BPN). En la tabla | se presenta el descriptivo antro-
pométrico de la poblacion. Se observa que los indicadores de P-E en
los nifios con BPN se encuentran en su totalidad normales, mientras
que en el indicador T-E se encuentran un 3% y 6% con diagnastico

Tabla I. Diagndstico nutricio con base
en indicadores antropométricos

M. E. Rojo-Trejo et al.

de talla baja en nifios con APN y BPN, respectivamente, en tanto
que el indicador de IMC-E refleja una prevalencia de sobrepeso
y obesidad de mas del 40% en ambos grupos. En los resultados
estratificados por sexo y peso al nacer (Tabla Il), se encontraron
diferencias en los pesos al nacer, lo cual es I6gico dada la naturaleza
del estudio. También se encontraron diferencias significativas en los
indicadores de P-E (p = 0,006) y T-E (p = 0,012), siendo menores
en las nifias con BPN en comparacion con las de APN. Llama la
atencion que a pesar de que el porcentaje de grasa corporal total
fue menor en las nifias con BPN (no significativo), su indicador
PCT-PCSE fue significativamente mas alto (p = 0,04) que el de las
nifias con APN. Al estratificar segtin porcentaje de grasa y peso al
nacer se encontro que el grupo con BPN presentd un porcentaje
de grasa bajo (p < 0,05), en comparacion con el grupo de APN
(Tabla lll). Dado el resultado anterior, se llevo a cabo el calculo de la
razon de ocurrencia vs. no ocurrencia de bajo porcentaje de grasa,
encontrandose que fue 6 veces mayor la posibilidad de que un nifio
con antecedente de BPN presentara porcentaje de grasa total bajo,
en comparacion con nifos con APN. Al realizar las correlaciones
entre los parametros antropométricos y de composicion corporal
con el peso al nacer, inicamente se encontrd una correlacion posi-
tiva débil entre el IMC y el peso al nacer (Tabla IV).

DISCUSION

Indicador | Clasificacion (nA:;l5) (nB::l7)
Peso elevado 6,3%
P-E Normal 91,6% 100%
Bajo peso 2,1%
TE Adecuada 97% 94%
Baja 3% 6%
Emaciacion 2%
Adecuado 52% 59%
IMC-E
Sobrepeso 37% 35%
Obesidad 9% 6%

APN: adecuado peso al nacer; BPN: bajo peso al nacer; P-E: peso para la
edad; T-E: talla para la edad; IMC-E: indice de masa corporal para la edad.

Alo largo de los afios ha habido una gran inquietud por explicar
la asociacion que tiene el BPN con distintas alteraciones meta-

Tabla Il. Caracteristicas descriptivas por sexo y peso al nacer

Hombres Mujeres
APN (n = 48) BPN (n = 6) APN (n = 47) BPN (n=11)
Peso al nacer (kg) 3,2+0,3 2,4+0.2 3,1+£0,3 23+0,.2
Edad gestacional (semanas) 38 1 38+0,8 38 £ 1 38 1
Edad (afios) 94+08 10+08 93+0,8 99+08
Peso (kg) 329+10 341 +7 34+8 31+10
Talla (cm) 132,7+8 137 +9 134+ 6 13268
IMC (kg/m3) 18 + 4 18+23 19 + 4 17 + 4
P-E (z-score) -0,5+1 0,74 +5 0,56 +1° -1,1+04
T-E (z-score) -06+8 -0,3+1 -0,32 0,8 -1,04 +£0,8
IMC-E (z-score) 0,61 0,7 +1 07+13 -0,6 +1
Cintura (cm) 64 + 11 66 + 12 65+9 61 +10
IC/E 0,5+0,06 05+06 05+06 0,5+0,05
PCT (mm) 12+5 12+4 14+5 14+9
PCSE (mm) 11 +7 10+4 14+7 12+9
PCT/PCSE 1,3+04 12+04 1,1+0,3 1,3+£0,5
Grasa corporal % 20«8 20+6 24 +7 22+10

IMC: indice de masa corporal; P-E: peso en relacion con la edad; T-E: talla en relacion con la edad; Cintura: circunferencia de cintura; IC/E: indice cintura en relacion

con la estatura; PCT: pliegue cutaneo tricipital, PCSE: pliegue cutdneo subescapular. Diferencias en el mismo sexo; #°p < 0,001, ““p < 0,05.
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Tabla Ill. Distribucion de nifios por
diagnodstico de porcentaje de grasa

corporal
Diagnéstico seguin APN BPN
porcentaje de grasa (n =95) (n=17)
Bajo 13% 47%"
Normal 61% 35%
Sobrepeso 6% 11%
Obesidad 20% 5%

*Chi-cuadrado p < 0,05.

Tabla IV. Correlaciones entre variables
de composicién corporal con bajo peso

al nacer
Variable Coeficiente de correlacion (r) | p
IMC (kg/m?) 0,197 0,03
Cintura (cm) 0,130 NS
IC/E (cm) 0,116 NS
PCT (mm) 0,026 NS
PCSE (mm) 0,126 NS
PCT/PCSE -0,114 NS
Grasa corporal (%) -0,177 NS

"Correlacion de Pearson. IMC: indice de masa corporal; IC/E: indice cintura
en relacion con la estatura; PCT: pliegue cutaneo tricipital; PCSE: pliegue
cutaneo subescapular,

bdlicas que conducen al desarrollo de obesidad. En este estudio
encontramos que el porcentaje de nifios con sobrepeso u obesi-
dad con base en el indicador IMC-E fue de 41% y 47%, tanto en
nifios con BPN y APN, respectivamente, mientras que el reportado
en la Encuesta Nacional de Salud y Nutricion 2012 (ENSANUT
2012) fue de 34,4% (17). Lo anterior refleja un gran problema de
salud y mas si se sabe que hay alteraciones metabdlicas impor-
tantes con las que se relacionan el sobrepeso y la obesidad en
la edad adulta. La importancia de esta investigacion radica en
las diferencias encontradas en la composicion corporal de estos
nifos, ya que evaluarlos Unicamente con un indicador grueso
como es el IMC no revela deposicion de grasa. Aunque nuestros
resultados no mostraron diferencias significativas en el porcentaje
de grasa total, al evaluar grasa troncal con el indice PCT/PCSE,
las nifias con BPN presentaron un valor mas alto (p < 0,05) en
comparacion con las de APN, lo cual refleja la importancia de
evaluar la distribucion de grasa corporal por segmentos. Estos
resultados son similares a los reportados por Valdez y cols. (1994)
(18) en poblacion méxico-americana y blancos no hispanos de
30 arios de edad con antecedente de BPN, y por Dolan y cols.
(2007) (19) en puberes. En este ltimo estudio se encontrd una
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correlacion negativa entre el peso al nacer y la grasa troncal, lo
cual es similar a lo encontrado en nuestro estudio con el indi-
ce triceps/subescapular y el BPN en las mujeres. Esto también
concuerda con hallazgos de Malina y cols. (1996) (20), quienes
trabajaron con estudiantes entre 7 y 12 afios de edad con ante-
cedente de BPN, encontrando una correlacion negativa leve con
el indice triceps/subescapular (ajustado por edad e IMC) y el peso
al nacer, siendo mayor en mujeres que en hombres. Es asi que
los nifios con BPN y, en especial las nifias, tienden a acumular
mayor cantidad de grasa subcutanea troncal que aquellas sin el
antecedente. Por otro lado, es importante mencionar que al estra-
tificar por porcentaje de grasa corporal y peso al nacer, el grupo
con BPN tuvo mayor riesgo de presentar un bajo porcentaje de
grasa, en comparacion con aquellos con APN. Este resultado no
era el esperado, ya que se considera que el BPN es un factor de
riesgo para desarrollar obesidad. Una posible explicacion es que
estos nifios alin son pequefios y quiza mas adelante se manifieste
la deposicion de grasa, aunado a que el tamafio de muestra fue
pequefio. Un aspecto importante a considerar en este estudio es
que los reportes en poblaciones con BPN que se han llevado a
cabo han sido principalmente en sujetos caucasicos (ingleses y
norteamericanos), cuya composicion corporal es diferente a la
mexicana, 1o que refleja la necesidad de realizar mas investigacion
en nuestra poblacion. Es conveniente dar un seguimiento a estos
nifios con el fin de detectar cambios en composicion corporal de
manera temprana.
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Resumen

Introduccion: los supervivientes de leucemia aguda (LA) infantil presentan un riesgo incrementado de alteraciones metabolicas y cardiovasculares
que aumentan su morbimortalidad a largo plazo.

Objetivo: estimar la prevalencia de obesidad, resistencia a la insulina, dislipemia e hipertension arterial como factores de riesgo cardiometabdlico
(FRCM) en un grupo de supervivientes de LA infantil, y analizar las posibles causas asociadas a su desarrollo.

Material y métodos: estudio observacional retrospectivo en 47 supervivientes de LA tratados en un periodo de 4 afios, que recibieron segui-
miento durante 10 afios.

Resultados: el 40% de los participantes presentaron al menos un FRCM durante el seguimiento, siendo la dislipemia (aumento LDL) el mas
frecuente (38,3%), seguido de obesidad/sobrepeso (31,9%) y HTA sistdlica (23,4%). El sexo femenino se establecio como factor de riesgo para
el desarrollo de todos ellos (RR 1,6; RR 3,16; RR 1,69; p < 0,05). Ningin superviviente desarrolld diabetes mellitus, pero si resistencia a la
insulina el 19,4%. Los pacientes con leucemias de peor pronostico presentaron mayor riesgo de desarrollar obesidad, resistencia a la insulina

Palabras clave: y aumento de LDL (RR 3,56; RR 4,08; RR 2,53; p < 0,05). Los pacientes tratados con trasplante de progenitores hematopoyéticos presentaron

Supervivientes mayor riesgo de obesidad, aumento de LDL e HTA sistdlica (RR 2,86; RR 2,39; RR 3,12; p<0,05). La radioterapia se asocid de igual modo con

cancer infantil. un incremento de resistencia a la insulina e hipertension arterial sistdlica (RR 2,47; RR 2,53; p < 0,05).

Leucemia aguda. . . . . . . . . — » » .

Factores de riesgo Qorgqlusmnes: e>§|§te un aumento en la preyalenqa de obe&dad/sobrepeso, Q|sl|pem|a, resistencia a la insulina y alteracion Ide la teqsmn artgnal

cardiometabdlico. sistolica en supervivientes de leucemia aguda infantil a lo largo del tiempo, especialmente en aquellos con enfermedades y tratamientos mas agresivos.
Abstract

Background: Survivors of childhood acute leukemia (AL) face an increased risk of metabolic and cardiovascular late effects which increase
their long-term morbimotality.

Objective: To assess the prevalence of obesity, insulinresistance, dyslipidemia and hypertension as cardiometabolic risk factors in survivors of
a childhood AL, and also to determine possible causes for these adverse cardiometabolic traits.

Material and methods: A retrospective cohort study of 47 pediatric acute leukemia survivors diagnosed between 0-15 years, with a ten years
follow-up.

Results: Forty percent of participants had at least one cardiometabolic risk factor. Dyslipidemia (increased LDL cholesterol) was the most frequent
(38.3%), secondly overweight/obese (31.9%), followed by systolic hypertension (23.4%). Females in contrast to males had an increased risk of
developing all three risk factors (RR 1.6; RR 3.16; RR 1.69; p < 0.05). Only 19.4% of participants developed insulin resistance, while none were

Key words: diagnosed with diabetes mellitus. High risk acute leukemia survivors were significantly more likely than low risk leukemia survivors to manifest
multiple cardiometabolic traits like overweight/obesity, insulin resitance and dyslipidemia (RR 3.56; RR 2.39; RR 2.53; p < 0.05). Also, those who

Childhood received hematopoietic cell trasplantation had an increased prevalence of overweight/obesity, increased LDL-cholesterol and systolic hypertension.

Ziﬂfgr‘ :5&':1?;3' Radiotherapy treatment was also associated with insulin resitance and systolic hypertension (RR 2.47; RR 2.53; p < 0.05).

Cardiometabolic risk Conclusions: There is an increased risk of overweight/obesity, dyslipidemia, insulin resistance and systolic blood pressure modification in childhood

factors. acute leukemia survivors, specially in those who were diagnosed as a high risk acute laukemia and those treated with more aggressive treatments.
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INTRODUCCION

La enfermedad cardiovascular (ECV) constituye la primera cau-
sa de muerte en nuestro pais. A pesar de que su manifestacion en
la edad pediatrica es rara, el proceso de arterioesclerosis puede
iniciarse durante la infancia e incluso acelerarse ante la presencia
de factores de riesgo cardiometabolico (FRCM) identificables (1).
Por ello, es importante establecer un diagndstico precoz de los
mismos.

Son de especial interés los grupos pediatricos que presentan
un mayor riesgo de desarrollar estos FRCM, como son los super-
vivientes del cancer infantil, quienes presentan un riesgo cuatro
veces superior de muerte por causa cardiovascular (2,3).

La leucemia aguda (LA) es el cancer mas frecuente en la infan-
cia y su tratamiento se basa en multiples agentes: quimioterapia,
radioterapia (RT) y trasplante de progenitores hematopoyéticos
(TPH), entre otros, en funcion de las caracteristicas de la enferme-
dad y su evolucion. Todos estos tratamientos tienen potenciales
efectos toxicos a largo plazo, que aumentan el riesgo de ECV.

Entre los FRCM, la obesidad infantil es uno de los problemas de
salud puablica mas importantes de este siglo, y los supervivientes
al cancer infantil no son inmunes a esta epidemia. Los resulta-
dos del Childhood Cancer Survivor Study (CCSS) muestran una
mayor prevalencia de obesidad en estos pacientes (4), y definen
un perfil lipidico caracterizado por un incremento de los triglicé-
ridos y disminucion de las lipoproteinas de alta densidad (HDL
colesterol). A esto se suma un mayor riesgo de desarrollar hiper-
tension arterial (HTA) y resistencia a la insulina (Rl), favoreciendo
todo ello al desarrollo de arterioesclerosis de forma precoz (4,5).
Esta situacion cobra atin mayor importancia al manifestarse en
pacientes que pueden presentar una miocardiopatia asociada,
secundaria al tratamiento recibido (6).

OBJETIVO

De la repercusion que supone el desarrollo temprano de estos
factores en una poblacion con una esperanza de vida creciente
(7), surgen los objetivos de este estudio, que son: a) definir la
prevalencia de los siguientes factores de riesgo cardiometabd-
lico: obesidad, resistencia a la insulina (RI) o diabetes mellitus
2 (DM 2), dislipemia e hipertension arterial (HTA), en pacientes
supervivientes de leucemia aguda y b) investigar posibles causas
asociadas a su desarrollo relacionadas con el tumor, el tratamien-
to recibido y las caracteristicas del paciente.

MATERIAL Y METODOS

Se realizd un estudio observacional retrospectivo longitudinal
en pacientes en edad pediatrica (de 0 a 15 afios), diagnosticados
de leucemia aguda durante un periodo de 4 afios (del 1 ene-
ro de 1999 al 1 enero de 2003). Se analizaron los datos durante
10 afios de seguimiento en el Hospital Infantil Miguel Servet de
Zaragoza.

E. G. Corella Aznar et al.

Del estudio se excluyeron aquellos pacientes fallecidos antes de
recibir tratamiento quimioterapico (2 casos), los pacientes perdi-
dos durante el seguimiento (2 casos) y aquellos en los que no se
encontraron datos suficientes (1 caso), siendo un total de 47 los
que fueron incluidos para formar parte del estudio.

Se recogieron datos epidemioldgicos y de tratamiento recibido,
incluyendo dosis de citostaticos, RT y TPH. El tratamiento recibido
y la estadificacion tumoral se llevd a cabo segun los protoco-
los en el momento de diagndstico vigentes (LAL/SHOP-94, LAL/
SHOP-99, SHOP-LANL 2001 y PETHEMA LAL BR 01), definiendo
pacientes con leucemia linfoblastica aguda de bajo riesgo (BR) los
siguientes criterios: edad 1-9 afos, leucocitos < 20x10%L, ausen-
cia afectacion extramedular, presencia de inmunofenotipo comun
(CD19+, CD10+ y ausencia de p citoplasmatica) y ausencia de
hipodiploidia; riesgo intermedio (Rl): edad 1-9 afios, leucocitos <
20x10%L, ausencia de alteracion citogenética desfavorable y de
afectacion extramedular, y < 5% de blastos en médula 6sea en
dia +14 del tratamiento; alfo riesgo (AR): edad al diagndstico > 10
afnos, cualquier inmunofenotipo salvo el de bajo riesgo, leucocitos
20-200x10%L, afectacion extramedular y pacientes de Rl con >
5% de blastos en MO el dia +14; muy alto riesgo (MAR), si ade-
mas de lo anterior presentan: leucocitos > 200x10%L, mutaciones
1(9;22) 0 BCR/ABL, t(4;11) 0 MLL, casi haploidia (24-29 cromo-
somas) o indice DNA < 0,6 (8). En las leucemias mieloblasticas
se definieron: bajo riesgo (BR): < 100 x10%L, respuesta precoz
al tratamiento (recuperacion de las 3 series hematoldgicas con
ausencia de blastos en sangre periférica y < 5% en médula 6sea
y LCR normal en 3 punciones consecutivas tras primer ciclo de
induccion), sindrome Down o0 inv16, t(8;21); y alfo riesgo (AR):
presencia de monosomias 5y 7 (9).

En cuanto a los FRCM, se definieron: obesidad al indice de
masa corporal (IMC = peso en kg/talla en m?) por encima del p97,
sobrepeso al IMC comprendido entre p85-p96 y normopeso entre
el p10-p85 corregidos para la edad y sexo (10); resistencia a la
insulina a la disminucion de la respuesta bioldgica a la actividad
de dicha hormona, considerandose con un indice HOMA (insuli-
nemia en ayunas (uU/mL) x glucemia en ayunas (mmol/L)/ 22,5)
mayor de 3 (11); intolerancia a hidratos de carbono a cifras de
glucemia en ayunas 100-125 mg/dL o hemoglobina glicada Alc
(Hb A1c) 5,7-6,5% y diabetes mellitus a glucemia en ayunas
> 126 mg/dL o Hb Alc > 6,5% (12); dislipemia al aumento en
las cifras de: triglicéridos > 100 mg/dL (0-9 afios)/> 130 mg/dL
(10-19 afos); colesterol total > 200 mg/dL; LDL-colesterol > 130
mg/dL o HDL-colesterol < 40 mg/dL (13), e hipertension arterial
a cifras de tension arterial sistolica y diastdlica mayores al p95
corregidas para la talla segun edad y sexo (14). Se registraron
estos parametros en 3 momentos diferentes: al diagndstico, al
final del tratamiento y al final del seguimiento.

ANALISIS ESTADISTICO
Estudio descriptivo para conocer frecuencias, medidas de ten-

dencia central y medidas de dispersion. Para el estudio analitico
se emplearon diferentes test estadisticos, en funcién de la natu-
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raleza de las variables. Para su realizacion se utilizo el paquete
estadistico SPSS version 21.0. El limite minimo de significacion
estadistica aceptado en todo el calculo estadistico ha sido del
95% (p < 0,05).

RESULTADOS

Se analizaron un total de 47 pacientes afectos de leucemia
aguda, el 87,2% (41/47) de ellas de origen linfoblastico (LAL). La
edad media al diagndstico fue de 6,8 + 4,4 afios (2 meses - 15
afos) y el grupo etario mas frecuente el mayor de 5 afios (53,2%).
Todos los pacientes recibieron tratamiento con antraciclinas, el
25,5% (12/47) preciso radioterapia (9 irradiacion corporal total
(ICT), 3 craneoespinal) y el 27,7% (13/47) un trasplante de pro-
genitores hematopoyéticos (TPH) (Tabla I). El 40,4% (19/47) de
los pacientes presentd 1 FRCM, el 46,8% 2 (22/47)y el 12,8% 3
0 mas FRCM. A lo largo del seguimiento se observo un aumento
significativo en la prevalencia de obesidad, dislipemia y resistencia
alainsulina (Fig. 1).

OBESIDAD

EI'31,9% (15/47) de los supervivientes presentaron obesidad o
sobrepeso al final del seguimiento, lo cual supone un incremento
del 21,3% respecto a las evaluaciones antropométricas al diag-
nostico (p = 0,005) (Tabla ll), siendo el 53,3% menores a 5 afios.
Predictores de este riesgo fueron: el sexo femenino (RR 3,16 IC
95%: 1,08-9,19), la edad al diagndstico menor a 5 afios (RR
1,27 1C 95%: 0,72-2,21), el TPH (RR 2,86 IC 95%: 1,03-7,89) y
padecer una leucemia de alto/muy alto riesgo (RR 3,56 IC 95%:
1,22-10,38) (Tabla I).

RESISTENCIA A LA INSULINA Y DIABETES
MELLITUS TIPO 2

E119,4% (9/47) de los supervivientes presento resistencia a la
insulina al final del seguimiento y el 10,6% (4/47) hiperglucemia
en rango de intolerancia de los hidratos de carbono, sin encontrar
ningun paciente afecto de DM 2 (Tabla Il). La RT y el elevado
riesgo tumoral (AR y MAR) se asociaron de forma significativa
con el desarrollo de resistencia a la insulina con un riesgo de
presentarla del 2,47 (IC 95%: 1,02-6,39) y 4,08 (IC 95%: 1,04-
16,1), respectivamente (Tabla I).

DISLIPEMIA

Al final del seguimiento, un 29,7% (14/47) de los pacientes
presentaban elevacion de las cifras de colesterol total con un
colesterol medio final de 212,61 + 20,72 mg/dL, asi como el
aumento del LDL-colesterol por encima del limite en el 38,3%
(18/47) y descenso del HDL-colesterol en el 19,4% (9/47). Se
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encontro a lo largo del seguimiento un aumento estadisticamente
significativo del colesterol y LDL, mientras que el descenso de
HDL no alcanzd significacion estadistica (Fig. 2). La prevalencia
de la hipertrigliceridemia no sufrié cambios significativos a lo largo
del seguimiento (Tabla II).

HIPERTENSION

La tension arterial sistolica sufrio un ascenso significativo des-
de el diagndstico hasta el final del seguimiento, del 14,9% al
23,4%, pero no lo hizo la tensién diastolica (Tabla Il). El 72,7%
(8/11) de los pacientes con hipertension sistdlica habian recibido
TPH (RR 3,12 IC 95%: 1,16-8,32). En cuanto al tratamiento, l0s
supervivientes que desarrollaron HTA sistdlica recibieron mayores
dosis de metrotexato (p = 0,05) y corticoide (p = 0,01), sin hallar
diferencias con el resto de agentes antitumorales (Tabla ).

DISCUSION

Este estudio demuestra que los supervivientes de LA infantil
presentan un riesgo aumentado de padecer ECV tras la curacion
de su enfermedad, que se incrementa a lo largo del tiempo. Este
riesgo parece aumentado principalmente en funcion del pronds-
tico de la enfermedad y la agresividad del tratamiento.

Segun los datos obtenidos, mas del 40% presentd al menos un
FRCM al final del seguimiento. La dislipemia por aumento del LDL
fue el mas frecuente (38,3%), sequido de obesidad/sobrepeso
(31,9%) e HTA sistolica (23,4%). Estas cifras superan ampliamen-
te las encontradas en nifios y adolescentes sanos, en poblaciones
estudiadas en el mismo periodo. A nivel nacional, estudios como
enKid (15), Cuatro Provincias (16), Carmona (17) y el estudio
ALADINO (18) muestran una prevalencia de obesidad en sujetos
sanos del 13,95%, 9,4%, 7,4%, y 16,8% respectivamente. Otros
estudios como RICARDIN (19) y FRICELA (20), e incluso estudios
a nivel internacional (4), muestran una menor prevalencia de los
FRCM que los expuestos en este estudio.

El perfil lipidico observado al final del seguimiento se puede
clasificar como aterogénico segun el Adult Treatment Panel Ill
(ATP-PANEL lll), por las cifras elevadas de lipoproteinas de baja
densidad y bajos niveles de colesterol dependiente de lipoprotei-
nas de alta densidad (4). No se evidencid en nuestro estudio el
ascenso en los niveles sanguineos de triglicéridos, descrito en
la mayoria de los estudios de supervivencia del Chilhood Cancer
Survivor (21,22).

En cuanto a la obesidad y sobrepeso son secuelas clasicamente
descritas en supervivientes de cancer infantil (23). Basandonos en
el IMC como predictor de la composicion corporal (24) durante el
seguimiento, nuestros resultados son comparables a los descritos por
Zhang (40%) (25) y Veringa (38,2%) (26), existiendo varias hipdtesis
acerca de las causas que contribuirian a esta deletérea ganancia
ponderal, independientemente del tratamiento recibido. Atkinson
(27) y Warner (28) coinciden en que el sexo femenino y una edad
mas precoz al diagndstico conllevan un mayor riesgo de obesidad.
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En nuestra muestra el sexo femenino parece ser un factor de
riesgo de desarrollo de varios FRCM, pero no ocurre lo mismo
con la edad.

El aumento observado en la prevalencia de obesidad es compa-
rable a la de otros estudios (25,26,29), al igual que la resistencia
alainsulina (30,31)y dislipemia (32), mostrando como los super-
vivientes de leucemia aguda infantil son mas vulnerables para
desarrollar enfermedad cardiovascular de forma precoz, puesto

P<005 <005
38,3% p>0,05 p>0,05

p<0,05
25,5% £.<0,08
19,4
= 194%  234% p>0,05

14,9%

Figura 1.

Porcentaje de los diferentes factores de riesgo cardiometablico a lo largo del
seguimiento.

que, ademas de los factores definidos en la poblacion general,
estos sujetos estan expuestos a otros adicionales que facilitan su
desarrollo. En este sentido, se demuestra como ciertos tratamien-
tos coadyuvantes suponen un riesgo para la presentacion de 2 o
mas de los FRCM expuestos (33-35); el TPH sobre el desarrollo
de obesidad y dislipemia, y la RT en la aparicion de resistencia
insulinica (30,31), suponiendo ambas un mayor riesgo para la
aparicion de HTA sistolica. La tension diastolica no sufrio cambios
significativos en la cohorte estudiada, a pesar de encontrarse
descrita en otros estudios de mayor seguimiento (4,29,36), proba-
blemente porque su desarrollo suele aparecer mas tardiamente,
entre los 10 y 30 afios tras la finalizacion del tratamiento (34).
La principal limitacion del estudio que debe tenerse en cuenta
a la hora de interpretar los resultados es el pequefio tamafo
muestral, que limita la potencia del estudio y la obtencién de
resultados significativos en el subanalisis de las variables. Por
otra parte, es importante destacar que las estrategias terapéuticas
modernas han minimizado el uso de la radioterapia craneal como
preparacion al TPH en pacientes afectos de leucemia aguda, lo
que puede influir en un nuevo perfil cardiometabdlico en estos
pacientes. Sin embargo, pese a que el empleo de la radioterapia
craneal se ha reducido en los Ultimos afios, existe una gran parte
de los supervivientes que la recibieron durante su tratamiento,
para quienes 10s riesgos aqui descritos son relevantes. A pesar
de estas limitaciones, el presente estudio aporta una nueva vision
sobre la relacion entre el prondstico tumoral y el riesgo cardiovas-

Tabla Il. Prevalencia de los factores de riesgo cardiometabdlico durante el seguimiento.
Andlisis estadistico de la modificacidn respecto los valores iniciales al diagndstico

Draistee Final _del Fin.al f:lel
tratamiento seguimiento
Total n n % n % D n % D
Obesidad y sobrepeso 5 10,6 11 23,4 | 0,021 15 31,9 | 0,002
Obesidad (> p97 IMC) 47 4 8,5 4 8,5 1 9 19,1 | 0,039
Sobrepeso (p85-96 IMC) 47 1 2,1 7 14,9 | 0,031 6 12,8 | 0,063
Dislipemia
Colesterol total (> 200 mg/dL) 47 4 8,5 7 14,9 10,083 | 14 | 29,7 | 0,005
LDL-colesterol (> 130 mg/dL) 47 6 12,8 1 234 10564 | 18 | 383 | 0,003
HDL-colesterol (< 40 mg/dL) 47 3 6,3 5 106 | 0414 9 19,4 | 0,058
Triglicéridos (> 100 mg/dL (0-9a) 0 > 130 mg/dL (>9 afios)) 47 9 19,1 10 21,3 | 0,796 1 255 10,513
Resistencia insulina y diabetes
indice HOMA > 3 44 - - - 9 | 194
Diabetes mellitus 47 0 0 0 0 - 0 0
Intolerancia hidratos de carbono 47 0 0 0 0 - 4 10,6 | 0,238
Hipertension arterial
> p95 TAS 47 7 14,9 8 17 10,255 | 11 23,4 10,003
> p95 TAD 47 5 10,6 8 17 | 0,211 7 14,9 | 0,134

IMC: indice de masa corporal; TAS: tension arterial sistdlica; TAD: tension arterial diastdlica. p significacion estadistica para comparacion de proporciones de datos

apareados (T-student para datos apareados y test Wilcoxon).
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cambio. DS: desviacion estandar.

cular, asociando una mayor agresividad tumoral con la aparicion
temprana de obesidad, resistencia a la insulina y dislipemia.

En conclusion, la presencia a una edad temprana de 2 0 mas
factores de riesgo cardiometabolico permite afirmar que los
pacientes supervivientes de leucemia aguda infantil presentan
riesgo incrementado de enfermedad cardiometabolica precoz.
Estos hallazgos muestran la importancia de establecer adecua-
dos protocolos de seguimiento que permitan un diagndstico y
tratamiento temprano de los mismos (37), asi como la necesidad
de implantar estrategias preventivas que promuevan adecuados
habitos de vida, con el objetivo de disminuir la morbimortalidad y
mejorar la calidad de vida de estos enfermos.

RESPONSABILIDADES ETICAS

Se obtuvo la aprobacién del Comité Etico de Investigacion Cli-
nica de Aragdn (CEICA).
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Indice general de fuerza y adiposidad como medida de la condicion fisica relacionada

con la salud en nifios y adolescentes de Bogota, Colombia: Estudio FUPRECOL
General strength index and adiposity as a measure of health-related physical fitness among children
and adolescents from Bogota, Colombia: the FUPRECOL Study

Javier Dario Pacheco-Herrera, Robinson Ramirez-Vélez y Jorge Enrique Correa-Bautista

Centro de Estudios en Medicion de la Actividad Fisica (CEMA). Escuela de Medicina y Ciencias de la Salud. Universidad del Rosario. Bogotd, D.C, Colombia

Resumen

Objetivo: el presente estudio tuvo por objetivos: a) determinar los valores de referencia de la condicion muscular mediante el indice general
de fuerza (IGF); y b) estudiar si el IGF esta asociado con indicadores de adiposidad en nifios y adolescentes escolares de Bogotd, Colombia.

Métodos: del total de 7.268 nifios y adolescentes (9-17,9 afos) evaluados en el estudio FUPRECOL, 4.139 (57%) fueron mujeres. Se evalud
el IGF como marcador del desempefio muscular a partir de la tipificacion de las pruebas de fuerza prensil (FP) y salto de longitud (SL). EI IGF se
recodificd en cuartiles (Q), siendo el Q4 la posicion con mejor valor del IGF. El indice de masa corporal (IMC), la circunferencia de cintura (CC),
el indice cintura/talla (ICT) y el porcentaje de grasa corporal (% GC) por bioimpedancia eléctrica se midieron como marcadores de adiposidad.

Palabras clave: Resultados: la edad media de los evaluados fue 12,8 + 2,3 afios. Se aprecia una tendencia hacia un incremento del nivel de condicion fisica
muscular en los varones conforme aumenta la edad, y hacia la estabilidad o un ligero aumento en el caso de las mujeres. El IGF se relaciond

Fuerza muscular. inversamente con el ICT y % GC en los varones (r = -0,280, r = -0,327, p < 0,01), respectivamente. Los escolares ubicados en el Q4 del IGF

\r/;‘ls::r?c?; Riesqo presentaron menores valores en marcadores de adiposidad IMC, CC, ICT y % GC, p < 0,01, que su contraparte del Q1.

cardiovascular, Conclusion: se presentan valores de referencia del IGF a partir de la estandarizacion de los resultados obtenidos en la FP y SL. La evaluacion

Colombia. de la fuerza muscular en edades tempranas permitira implementar programas de prevencion de riesgo cardiovascular y metabélico futuro.
Abstract

Objective: The purposes were: a) to generate normative values of general strength index (GSI) scores of 9- to 17.9-year-olds; and b) to describe
the associations between GSI and adiposity markers in healthy schoolchildren from Bogota, Colombia.

Methods: From a total of 7,268 Colombian children and adolescents (age 9-17.9 years) taking part in the FUPRECOL study (4,139, 57% girls).
A GSI score were measured using handgrip strength and standing long jump. Each of these variables was standardized as follows: standardized
value = (value = mean)/SD. The GSI score was calculated as the mean of the two standardized scores and recoded into quartiles Q1 (low GSI)
to Q4 (high GSI). Body mass index (BMI), waist circumference (WC), waist-to-height ratio (WtHR) and percentage body fat (%BF) by electrical bio-
impedance analysis were measured such as adiposity markers.

Results: The average age was 12.8 + 2.3 years. It can be seen that the results for the boys were generally more homogeneous than for the
girls, regarding muscular fitness. There was also a trend towards increased muscular strength in the boys as their age increased, whereas the

Key words: girls showed stability or a slight increase in GSI. In contrast, there was an inverse relationship between the GSI and WtHR (r = - 0,280, p < 0,01)
and %BF (r = -0,327, p < 0,01) in males. Participants with Q4 (high GSI), compared to those in with Q1 (low GSI), had significantly lower levels

Muscle strength. of BMI, WC, WtHR and %BF.

Reference values.

Cardiovascular risk. Conclusion: This paper presents the first sex- and age-specific percentiles for general strength index score among Colombian children and

Colombia. adolescents aged 9-17.9 years. The testing of muscle strength at early ages should be included in health-monitoring systems.
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INTRODUCCION

En los Ultimos afios, estudios observacionales han mostrado
que la disminucion en la masa (sarcopenia) y la fuerza muscular,
juegan un papel fundamental en la predisposicion de eventos
cardiovasculares y metabolicos en adultos (1,2) y jovenes (3).
Sobre este dltimo, Ruiz y cols. (4) reportaron una relacion entre
los niveles de fuerza muscular y la salud fisica, particularmente
en nifios con sobrepeso y obesidad. En esta misma linea, Ortega
y cols. (5) indicaron que la fuerza muscular de las extremidades
inferiores estaba inversamente relacionada con la adiposidad
abdominal; y que la sumatoria de la fuerza muscular (Z-score de
dinamometria de prension manual + salto de longitud horizontal)
estandarizada se relacionaba con un perfil lipidico mas saludable
en adultos suecos. Asimismo, Steene-Johannessen y cols. (6)
reportaron que independientemente de los niveles de adiposidad
y del fitness cardiorrespiratorio, un incremento en la fuerza prensil
ajustada al peso corporal se asociaba con menores niveles de
marcadores de inflamacion cronica, como la proteina C reactiva,
la leptina y el factor de necrosis tumoral alfa (TNF-o).

Para acercarse a este indicador de salud fisica, numerosas prue-
bas han sido descritas teniendo en cuenta que la fuerza maxima
desarrollada depende de varios factores como el sexo, la edad, el
tamafio y nimero de musculos implicados, el nimero de fibras que
se activan, la coordinacion intra e inter muscular, entre otros (7).
Los resultados de los estudios AVENA (Alimentacion y Valoracion del
Estado Nutricional de los Adolescentes Espaiioles) (8), HELENA (en
inglés, Healthy Lifestyle in Europe by Nutrition in Adolescents) (9) y
ALPHA (en inglés, Assessing Levels of Physical Activity and fitness)
(10) ponen de manifiesto que la fuerza de prension manual y el salto
horizontal son las pruebas mas utilizadas en estudios epidemiold-
gicos para valorar la condicion muscular en nifios y adolescentes,
por su alto grado de fiabilidad y validez. En los trabajos de Artero y
cols. (11,12) se describid por vez primera el indice general de fuerza
(IGF), a partir de la estandarizacion de los resultados obtenidos
de la fuerza de prension manual (en kg) y el salto de longitud (en
cm). Este indice demostrd en nifios y adolescentes europeos una
asociacion inversa con el perfil de riesgo lipidico-metabdlico (13), la
concentracion de proteinas inflamatorias (14), los niveles de presion
sanguinea (15) y la sensibilidad a la insulina (16), entre otros.

La valoracion de la fuerza muscular como medida complementaria
en edades tempranas puede permitir la deteccion precoz de factores
de riesgo, cuyo resultado puede ser una mejor salud cardiovascular
futura (17). Por ello, el presente estudio tuvo por objetivos: 1) deter-
minar los valores de referencia de la condicion muscular mediante el
IGF, y 2) estudiar si el IGF esta asociado con indicadores de adiposidad
en nifos y adolescentes escolares de Bogotd, Colombia.

METODOS

DISENO Y MUESTRA DEL ESTUDIO

El presente trabajo forma parte del estudio FUPRECOL, cuya
metodologia completa ha sido publicada con anterioridad (18-20).

[Nutr Hosp 2016;33(3):556-564]

Se trata de un estudio de corte transversal en 8.000 nifios y
adolescentes en edad escolar de 9 a 17,9 afos de edad resi-
dentes en Bogota y pertenecientes a 24 instituciones educativas
de zonas urbanas. La distribucion geografica no se realizé de
forma aleatoria y la muestra fue por conveniencia. Se excluyeron
escolares con discapacidad fisica, sensorial e intelectual perma-
nente, enfermedades no transmisibles como diabetes tipo 1 0 2,
enfermedad cardiovascular, autoinmune o cancer diagnosticado,
estado de gestacion, abuso en el consumo de alcohol o drogas
y, en general, patologias que no estén relacionadas directamen-
te con la nutricion, como errores congénitos del metabolismo,
sindrome metabdlico, obesidad moérbida, trastornos psiquiatricos
(anorexia, bulimia), entre otros. El tamario de la muestra para este
trabajo se estimd con un error alfa del 5% y una precision del 2%
para muestras finitas.

ANTROPOMETRIA Y COMPOSICION
CORPORAL

Todas las mediciones antropométricas se realizaron con los
sujetos descalzos y en ropa comoda. Se midi¢ el peso con
balanza de piso TANITA® modelo BF-689 (Arlington Heights,
IL 60005, EE. UU.), con resolucion 0,100 kg. La talla se midio
con un estadiémetro portatil SECA® modelo 206 (Hamburgo,
Alemania), rango 0-220 cm de 1 mm de precision. Con estas
variables se calculd el indice de masa corporal (IMC) en kg/m2,
La circunferencia de cintura (CC) fue tomada siguiendo los
referentes anatomicos descritos por la OMS (21). A partir de
las medidas directas, se calculd el indice cintura/talla (ICT)
dividiendo la CC entre la talla. Un analisis con bioimpedancia
eléctrica fue usado para determinar el porcentaje de grasa
corporal (% GC) con balanza de piso Bipolar pie-pie, TANITA®
modelo BF-689 (Arlington Heights, IL 60005, EE. UU.). La fre-
cuencia de induccion se valor¢ a una intensidad de 50 kHz,
con una sensibilidad de estimacion de la masa de grasa de
0,1 kg (0,1%). La medicion se realizd tras 10-12 h de ayuno,
con la vejiga vacia y sobre una superficie no conductora. El
error técnico de la medida (TEM) fue 0,639 y el coeficiente de
reproducibilidad de 0,985% (19).

iNDICE GENERAL DE FUERZA

La medicion de la fuerza maxima de prension manual se
valor6 con dinamometro digital Takei® modelo TKK-5101, rango
5-100 kg de 100 g de precision, con dos intentos alternativos
con cada mano en una posicion estandarizada, de pie, con los
brazos paralelos al cuerpo sin contacto alguno; y la prueba de
salto de longitud a pies juntos, como medida para determinar
la maxima distancia alcanzada en dos intentos en miembros
inferiores. Con los resultados de estas pruebas se calculo el
IGF a partir de la tipificacion Z, por ejemplo, Z = ([valor-media]/
desviacion estandar). El promedio de las 2 pruebas transfor-
madas (z-score) se utilizd para establecer una Unica variable
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denominada IGF. Posteriormente, IGF se recodifico en cuartiles
(Q), siendo el Q4 la posicion con mayor valor en el desempefio
muscular.

ASPECTOS ETICOS

El estudio FUPRECOL se llevo a cabo siguiendo las normas
deontoldgicas reconocidas por la Declaracion de Helsinki y la
Resolucion 008439 de 1993 del Ministerio de Salud de Colombia,
que regula la investigacion clinica en humanos y ha obtenido la
aprobacion del Comité de Investigacion en Seres Humanos del
centro coordinador del estudio (UR N.° CEI-ABN026-000262).
Antes de la medicion, cada nifio y/o adolescente asintié partici-
par y el padre/madre o tutor/a responsable firmd por escrito el
consentimiento informado del menor.

ANALISIS ESTADISTICO

El andlisis estadistico de los datos fue realizado con el progra-
ma Statistical Package for Social Science® software, version 22
(SPSS; Chicago, IL, EE. UU.). Se efectuaron previamente pruebas
de normalidad mediante la prueba de Kolmogorov-Smirnov. Para
las diferencias entre sexo y edad se empled el analisis de la
varianza de dos factores (two-way ANOVA) para variables conti-
nuas. Se calcularon percentiles (P, P, P, P, P. Py y Py) por
sexo y edad de la tipificacion Zde las pruebas de fuerza de pren-
sion manual, salto de longitud e IGF. El coeficiente de correlacion
de Pearson se utilizd para examinar la relacion entre el IGF y los
marcadores de adiposidad. Las asociaciones entre el IGF y el IMC
en el exceso de adiposidad general por CC e ICT se evaluaron
mediante andlisis de covarianza (ANCOVA), dividiendo la muestra
segun el IMC (normopeso, sobrepeso, obesidad) y cuartiles del
IGF v, los terciles de adiposidad general CC e ICT, ajustando las
diferencias por edad y sexo. Las diferencias entre las medias de
cada grupo se analizaron mediante la correccién de Bonferroni
para multiples comparaciones. La significancia estadistica se fijo
a un valor p < 0,05.

RESULTADOS

Constituyeron la muestra 7.268 escolares (tasa de respues-
ta 91%). La tabla | presenta las caracteristicas de composicion
corporal y condicion fisica musculoesquelética de los escolares
pertenecientes al estudio FUPRECOL. En todos los grupos de
edad, el andlisis ANOVA mostrd que los varones tenian mayores
valores de peso corporal, talla, circunferencia de cintura e IMC
que las mujeres, mientras que estas presentaban mayores valores
de % GC (p < 0,001). El promedio general de fuerza prensil, el
salto de longitud y el IGF fueron significativamente mayores en
varones (p < 0,001). Por su parte, los varones mostraron mayores
valores tipificados de z-fuerza prensil, z-salto de longitud e IGF
(p < 0,001).

J. D. Pacheco-Herrera et al.

En las tablas II-IV se muestran los valores referencia tipifica-
dos de la fuerza prensil, el salto de longitud y del IGF de nifios y
adolescentes de Bogotd, Colombia, clasificados por edad y sexo,
y expresados en percentiles suavizados del 3 al 97. En ellas se
aprecia claramente un mejor desempefio muscular por parte de
los escolares varones en los tres componentes evaluados. En
general, los varones muestran mayor heterogeneidad que las
mujeres en funcion del IGF. También se aprecia una tendencia
hacia un incremento del nivel de condicion fisica muscular (fuerza
prensil y salto de longitud) en los varones conforme aumenta la
edad, y hacia la estabilidad o un ligero aumento en el caso de
las muijeres.

Como analisis complementario y con el propdsito de verificar
si el IGF se relaciona con marcadores de adiposidad asociados
a enfermedad cardiometabdlica se llevo a cabo un andlisis de
correlacion con el coeficiente de Pearson (r). En poblacion general,
el IGF presentd una relacion inversa con el ICT (r=-0,162) y el %
GC (r=-0,348) p < 0,01. Al diferenciar por sexo, el coeficiente
“r” disminuye en mayor magnitud en las mujeres ICT (r = -0,059)
y % GC (r = -0,018), mientras que en los varones dicha relacion
se incrementa a (r = -0,280) en el ICT y permanece estable para
el % GC (r=-0,327) p < 0,01. En complemento a lo anterior los
participantes con mejor desempefio muscular por IGF (Q4, alto)
presentaron valores mas saludables en todos los marcadores de
adiposidad asociados a enfermedad cardiovascular temprana
IMC, CC, ICT y % GC, p < 0,001, que los escolares ubicados en
el Q1 (Fig. 1; panel A-D).

Por Gltimo, al dividir la muestra en dos grupos segun la clasifi-
cacion del IMC y los cuatro grupos (cuartiles) del IGF, se observa-
ron diferencias significativas (F = 6,128; p < 0,001) en el valor de
laCC (A)yenelICT (B) (F=5,562; p <0,001) (Fig. 2). En ambos
analisis se observo que los nifios y adolescentes obesos y con
menor valor de fuerza por IGF (Q1) presentan mayores valores de
adiposidad por CC e ICT que los que se clasifican en normopeso
y con mejor valor del IGF (Q4).

DISCUSION

Este estudio presenta por primera vez en Bogota (Colombia)
los percentiles del desempefio muscular por edad y sexo que
podran ser usados como valores de referencia en la evaluacion
de la CF, el estado nutricional y la composicion corporal en el
contexto pediatrico y escolar. En general, se aprecian mayores
valores de la CF muscular por parte de los escolares varones en
los tres componentes evaluados, junto al incremento significati-
vo conforme aumenta la edad. El andlisis conjunto de la fuerza
muscular en un solo indice corresponde a diversas metodologias
reportadas en estudios previos en poblacion infantil y adoles-
cente (10-16). Nuestro estudio coincide con la metodologia pro-
puesta en los estudios europeos AVENA (7), HELENA (8) y ALPHA
(9), y muestra en principio una condicion muscular superior en
varones para todas las edades (p < 0,001), explicada princi-
palmente por factores de maduracion bioldgica. Estos hallazgos
también coinciden con lo descrito por Beunen y Thomis (22),

[Nutr Hosp 2016;33(3):556-564]
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Tabla Il. Percentiles tipificados de fuerza prensil por dinamometria manual segun sexo
y edad en nifos y adolescentes escolarizados de Bogota, Colombia

n Media DE P, P, P, P, P, Py, P,

Varones

9-9,9 217 -0,922 0,545 -1,623 -1,458 -1,226 -1,009 -0,726 -0,393 0,160
10-10,9 403 -0,763 0,537 -1,573 -1,361 -1,133 -0,829 -0,497 -0,179 0,328
11-11,9 412 -0,562 0,546 -1,405 -1,197 -0,929 -0,603 -0,242 0,133 0,657
12-12,9 374 -0,246 0,634 -1,344 -0,946 -0,677 -0,320 0,118 0,592 1,052
13-13,9 388 0,255 0,769 -0,982 -0,644 -0,293 0,117 0,673 1,294 2,087
14-14,9 415 0,657 0,963 -0,900 -0,518 -0,022 0,574 1,265 1,801 2,627
15-15,9 374 1,251 1,040 -0,879 -0,110 0,566 1,254 1,997 2,597 3,160
16-16,9 319 1,538 0,998 -0,410 0,232 0,841 1,506 2,266 2,851 3,501
17-17,9 227 1,742 0,923 -0,195 0,524 1,199 1,841 2,320 2,878 3,500

Total 3.129 0,285 1,203 -1,380 -1,092 -0,662 0,008 1,142 2,062 2,849
Mujeres

9-9,9 277 -1,001 0,507 -1,721 -1,547 -1,335 -1,066 -0,765 -0,442 -0,061
10-10,9 618 -0,845 0,473 -1,600 -1,384 -1,157 -0,909 -0,591 -0,242 0,237
11-11,9 620 -0,592 0,521 -1,408 -1,217 -0,953 -0,635 -0,314 0,027 0,470
12-12,9 491 -0,275 0,552 -1,241 -0,969 -0,678 -0,300 0,058 0,400 0,750
13-13,9 457 -0,063 0,580 -1,248 -0,790 -0,455 -0,079 0,317 0,659 1,010
14-14,9 592 0,158 0,624 -0,978 -0,613 -0,262 0,163 0,549 0,938 1,363
15-15,9 441 0,226 0,665 -1,005 -0,514 -0,198 0,168 0,598 1,082 1,590
16-16,9 393 0,337 0,630 -0,801 -0,375 -0,073 0,326 0,677 1,066 1,657
17-17,9 250 0,435 0,684 -0,793 -0,393 0,034 0,391 0,775 1,289 2,061

Total 4139 -0,216 0,744 -1,424 -1,154 -0,771 -0,260 0,289 0,717 1,209

P: percentil; DE: desviacion estandar.

pues durante la infancia aparece un incremento gradual y lineal
de la fuerza muscular (desde los 3 arios de edad y hasta la
pubertad en varones, y hasta los 15 afos aproximadamente en
mujeres). Bajo estas condiciones, los incrementos en la fuerza
general son atribuibles a cambios neuromusculares, descartan-
dose el aumento de la fuerza por factores hipertréficos exdgenos
como el entrenamiento fisico regular. De la misma manera, las
diferencias por sexo son explicadas en parte por la secrecion
de hormonas sexuales (testosterona, principalmente), pues se
ha descrito que los esteroides enddgenos son determinantes en
el aumento de la masa magra principalmente en varones (22).
A su vez, la redistribucion ginecoide del tejido adiposo en las
mujeres, junto a un incremento menos acelerado en su masa
muscular, puede ser otro factor atribuible en las diferencias
observadas en la fuerza del tren inferior medido con la prueba
de salto de longitud.

Segun Rodriguez-Bautista y cols. (18), la existencia de un mar-
cado dimorfismo sexual, caracterizado por valores superiores de
% GC entre las mujeres en todos los grupos etarios estudiados
frente a los varones, se debe en parte a procesos de madura-

cion sexual, estrato socioeconoémico, patrones dietarios, niveles
de actividad fisica, factores neurohormonales o factores étnicos
propios de cada poblacion. Asi pues, la literatura al respecto apoya
los hallazgos de este trabajo de la existencia de un dimorfismo
sexual segun el cual las mujeres parecen presentar una ganancia
ponderal mayor que los varones durante la pubertad (8,17,18,24).
De acuerdo con Ramirez-Vélez y cols. (23), este patron de desa-
rrollo podria guardar estrecha relacion con el proceso de madu-
racion sexual propio del sexo femenino, debido al mayor actimulo
de tejido adiposo con la llegada de la adolescencia y al estableci-
miento de la menarquia. Adicionalmente, durante la adolescencia
y en la tercera década de la vida ocurre una redistribucion de la
grasa subcutanea de las extremidades hacia el tronco (18,24).
El proceso ocurre en los dos sexos, pero mas rapidamente en
varones que en mujeres. Por ello, una mayor proporcion de grasa
en el tronco respecto a las extremidades es una caracteristica
masculinizante y se encuentra asociada con el nivel de hormo-
nas sexuales (18). Esto puede indicar que el periodo mas critico
para el diagnostico de la obesidad y del exceso de peso sea la
infancia y explicaria la tendencia hacia un incremento del IGF en
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Tabla lll. Percentiles tipificados de salto de longitud segun sexo y edad en nifios
y adolescentes escolarizados de Bogota, Colombia

n Media DE P, P, P, P, P, P, P,

Varones
9-9,9 217 -0,440 0,634 -1,770 -1,238 -0,852 -0,459 -0,041 0,395 0,792
10-10,9 403 -0,170 0,706 -1,455 -1,038 -0,673 -0,175 0,319 0,729 1,136
11-11,9 412 -0,016 0,714 -1,457 -0,917 -0,512 0,019 0,472 0,932 1,251
12-12,9 374 0,162 0,762 -1,213 -0,748 -0,348 0,106 0,682 1,157 1,596
13-13,9 388 0,627 0,890 -1,035 -0,458 0,041 0,544 1,252 1,750 2,461
14-14,9 415 0,827 0,911 -0,984 -0,374 0,247 0,880 1,416 1,878 2,604
15-15,9 374 1,152 0,953 -0,654 -0,106 0,478 1,181 1,864 2,309 2,907
16-16,9 319 1,313 0,954 -0,594 0,047 0,692 1,369 1,951 2,485 3,084
17-17,9 227 1,458 0,962 -0,470 0,092 0,835 1,463 2,097 2,790 3,129
Total 3.129 0,534 1,040 -1,230 -0,731 -0,225 0,441 1,252 1,950 2,614

Mujeres
9-9,9 277 -0,899 0,633 -2,016 -1,703 -1,310 -0,901 -0,533 -0,061 0,415
10-10,9 618 -0,718 0,688 -2,031 -1,613 -1,195 -0,707 -0,267 0,182 0,600
11-11,9 620 -0,533 0,664 -1,720 -1,333 -0,936 -0,543 -0,133 0,275 0,689
12-12,9 491 -0,434 0,675 -1,648 -1,308 -0,890 -0,442 0,010 0,445 0,796
13-13,9 457 -0,297 0,723 -1,663 -1,178 -0,774 -0,275 0,194 0,539 1,023
14-14,9 592 -0,267 0,720 -1,675 -1,171 -0,736 -0,235 0,165 0,684 1,149
15-15,9 441 -0,235 0,746 -1,540 -1,162 -0,717 -0,230 0,229 0,631 1,204
16-16,9 393 -0,146 0,711 -1,504 -0,984 -0,585 -0,158 0,251 0,744 1,140
17-17,9 250 0,011 0,780 -1,346 -0,852 -0,550 -0,078 0,536 1,010 1,680
Total 4139 -0,409 0,743 -1,765 -1,331 -0,902 -0,412 0,060 0,530 0,983

P: percentil; DE: desviacion estandar.

los varones conforme aumenta la edad, y hacia la estabilidad o
un ligero aumento en el caso de las mujeres en etapas puberales
(a partir de los 12 afios 0 mas).

La correcta interpretacion de estos resultados precisa su com-
paracion con valores de referencia locales y actualizados, ante la
inexistencia de valores normativos para el IFG. En este sentido, es
necesario evaluar en estos sujetos la coexistencia de otros facto-
res de riesgo cardiovascular. Con objeto de facilitar la calificacion
se presentan también los percentiles 3 al 97 (Tablas II-IV). Esto
permite realizar una clasificacion intuitiva del sujeto utilizando una
escala tipo Likert de la CF muscular a seguir (10,12): muy mala (X
<P,), mala (P, <X<P,) media (P, <X<P,) buena (P, <X
<P, muy buena (P,, < X <P, )y excelente (X > P, ). A partir de
los reportes de los estudios AVENA (7), HELENA (8) y ALPHA (9), y
con el fin de definir clinica y epidemiologicamente puntos de corte
utiles en el contexto peditrico, sugerimos arbitrariamente el uso
del percentil (< P,,) entre [0,991 y 1,129]; valor total [-0,394]
en varones y [-1,274 y -1,176]; valor total [-0,739] en mujeres),
como marcador déficit en la CF muscular en escolares de Bogota,
Colombia. Por otra parte, valores entre el P, y P, pueden ser una
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aproximacion cercana al limite saludable, mientras ubicarse en los
percentiles P, y P, (arbitrariamente) podria ser tomado para fines
de entrenamiento fisico (Tabla IV). Estos puntos de corte (< P,.) han
sido propuestos también por autores como Cohen y cols. (25) en
jovenes de Inglaterra para la fuerza prensil y por Saint-Maurice y
cols. (26) en Hungria en fuerza prensil y salto de longitud respecti-
vamente como indicativo de bajo desempefio muscular asociado a
manifestaciones tempranas de riesgo cardiometabdlico.

Otro hallazgo encontrado en este estudio fue la relacion inver-
sa entre el IGF con el ICT (r = 0,162), y el % GC (r = 0,348)
p < 0,01 en la poblacion general, resultado similar al reportado
por Rodriguez-Valero y cols. (17)en escolares de Bogotd, Colombia.
Estos autores encontraron que nifios y adolescentes con menor
desempefio muscular (cuartil 1-3) presentaron 4,06 veces (IC 95%
2,60-6,34; p = 0,043) mayor riesgo de presentar exceso de grasa
(> Py y 1,57 veces (IC 95% 1,02-1,89; p = 0,020) mayor riesgo
de obesidad abdominal (> P_,). A partir de estas observaciones se
ha planteado la hipétesis del papel protector de la masa libre de
grasa en el riesgo de presentar enfermedad cardiovascular (7-9,
18, 25). Por ejemplo, en jovenes colombianos (19,7 + 2,4 afios;
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Tabla IV. Percentiles tipificados del IGF segun sexo y edad en nifios y adolescentes
escolarizados de Bogota, Colombia

n Media DE P, P, P, P, P, P, P,,

Varones

9-9,9 217 -0,682 0,451 -1,351 -1,200 -0,991 -0,760 -0,405 -0,077 0,225
10-10,9 403 -0,470 0,511 -1,399 -1,021 -0,789 -0,507 -0,183 0,137 0,551
11-11,9 412 -0,291 0,500 -1,127 -0,918 -0,636 -0,309 0,020 0,380 0,705
12-12,9 374 -0,051 0,562 -1,056 -0,665 -0,431 -0,124 0,272 0,662 1,096
13-13,9 388 0,469 0,694 -0,692 -0,359 -0,040 0,397 0,928 1,482 1,928
14-14,9 415 0,741 0,798 -0,654 -0,262 0,215 0,738 1,217 1,756 2,362
15-15,9 374 1,200 0,858 -0,509 -0,001 0,687 1,251 1,872 2,211 2,527
16-16,9 319 1,415 0,828 -0,261 0,177 0,877 1,492 2,008 2,408 2,928
17-17,9 227 1,559 0,778 -0,190 0,435 1,129 1,622 2,095 2,444 2,846

Total 3.129 0,415 1,013 -1,099 -0,786 -0,394 0,227 1,160 1,906 2,384
Mujeres

9-9,9 277 -0,931 0,466 -1,633 -1,463 -1,274 -0,958 -0,657 -0,399 0,054
10-10,9 618 -0,780 0,460 -1,606 -1,291 -1,087 -0,825 -0,535 -0,217 0,218
11-11,9 620 -0,564 0,462 -1,363 -1,082 -0,833 -0,604 -0,300 -0,024 0,400
12-12,9 491 -0,337 0,481 -1,260 -0,937 -0,669 -0,358 -0,043 0,303 0,627
13-13,9 457 -0,177 0,514 -1,195 -0,842 -0,508 -0,158 0,159 0,432 0,807
14-14,9 592 -0,056 0,520 -1,004 -0,707 -0,411 -0,092 0,283 0,591 0,928
15-15,9 441 0,006 0,577 -1,022 -0,666 -0,357 -0,030 0,330 0,732 1,119
16-16,9 393 0,117 0,563 -0,888 -0,562 -0,249 0,102 0,436 0,778 1,215
17-17,9 250 0,219 0,611 -0,742 -0,475 -0,176 0,146 0,547 1,000 1,741

Total 4139 -0,304 0,622 -1,368 -1,079 -0,739 -0,323 0,096 0,472 0,894

P: percentil; DE: desviacion estandar.

peso 65,5 + 10,7 kg; IMC 22,6 + 2,8 kg/m?), Ramirez-Vélez y cols.
(3) mostraron que un mejor desempefio muscular se asociaba de
manera inversa con un perfil lipidico-metabdlico mas saludable. En
esta misma linea, Mason y cols. (27) observaron que un bajo nivel
de aptitud muscular se asociaba con mayores probabilidades de
ganar al menos 10 kg independientemente del IMC y del fitness
cardiorrespiratorio en hombres y mujeres. Esto nos llevaria a supo-
ner que el componente muscular puede ser considerado un indica-
dor de salud cardiovascular con alta potencia discriminatoria (1,28).

Las principales limitaciones del presente estudio son las inheren-
tes a su caracter transversal y tipo de muestreo. No fueron incluidas
otras variables potencialmente influyentes en la composicion corpo-
ral o condicion muscular, tales como la dieta, etnia, nivel socioeco-
nomico, estado madurativo, estatus nutricional, niveles de actividad
fisica, factores endocrinos u otros marcadores de condicion fisica
como la potencia anaerobica o la capacidad cardiorrespiratoria. La
utilizacion de la BIA bipolar fue usada como la medida de referencia
de la adiposidad corporal. Hasta la fecha no se conocen estudios
de validacion de la balanza de piso Bipolar pie-pie, con pruebas de
referencia como el DXA, la pletismografia por desplazamiento de

aire, 0 con métodos de dilucidn isotdpica; por tanto, las verdaderas
prevalencias de obesidad por exceso de adiposidad podrian estar
sesgadas a las obtenidas con otros métodos. Previamente ha sido
reportada la concordancia entre la BIA bipolar y tetrapolar (29), y
en otros trabajos se ha comprobado el uso de la BIA bipolar como
una herramienta confiable para medir la grasa corporal en sujetos
de etnia blanca y para ser usada en estudios poblacionales (29).
Seria de interés también corroborar, si los puntos de corte pro-
puestos en este trabajo del IGF, presentan adecuada sensibilidad
y/o0 especificidad para detectar sujetos con riesgo cardiovascular
aunado a las otras medidas de la CF o de actividad fisica. A pesar
de estas limitaciones se observd convergencia de los resultados
con datos reportados en otros estudios nacionales (1,17,18,30) e
internacionales (10-16).

Entre las fortalezas se encuentran que se trabajé con una
muestra poblacional numerosa de ambos sexos, 1o que ofrece
nuevas perspectivas acerca del estado de salud y nutricion de
los escolares de Bogota, Colombia, que deberan ser tenidas en
cuenta por los actores involucrados en los ambitos de planifica-
cion, decision y ejecucion de las politicas de salud. En general, la
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Los andlisis bivariados muestran que un incremento en los valores de fuerza por IGF
se relaciona con menores indicadores de adiposidad. IGF: indice general de fuerza;
IMC: indice de masa corporal; CC: circunferencia de cintura; ICT: indice cintura/
talla; % GC: porcentaje de grasa corporal. *Diferencias por sexo con prueba ANOVA
p<0,01.

Figura 1.

Relacion entre el IGF, IMC, CC, ICT y % GC de nifios y adolescentes de Bogota,
D.C., Colombia.
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Las barras de error representan la media y la desviacion estandar. IGF: indice general
de fuerza; IMC: indice de masa corporal; CC: circunferencia de cintura; ICT: indice
cintura/talla. Se expresan las diferencias significativas respecto al grupo con bajo
nivel de IGF (Q1) y la categoria de obesidad por IMC.

Figura 2.

Influencia combinada entre el IGF y el IMC en el exceso de adiposidad general por
CC e ICT nifios y adolescentes de Bogotd, D.C., Colombia.

valoracion de la CF muscular por medio del IFG puede conside-
rarse como herramienta complementaria para ser incluida en los
programas académicos dirigidos a la prevencion primaria en el
ambito escolar. Asimismo, su aplicacion facilitara la identificacion
de individuos cuyo desempefio muscular es susceptible de mejora
mediante ejercicio fisico programado (31).

En conclusion, este trabajo ha establecido los valores de refe-
rencia de la condicion muscular mediante la utilizacion del IFG en
nifios y adolescentes de la ciudad de Bogotd, Colombia, ademéas
de la relacién inversa con marcadores de adiposidad asociados
a riesgo cardiometabalico. En este contexto, la presentacion de
valores de referencia ayudara a establecer comparaciones con
otras poblaciones, y a estimar la proporcion de escolares con
cambios en su composicion corporal 0 CF muscular. Se requieren
estudios observacionales con un mayor tamafo de muestra, y
especialmente estudios longitudinales y prospectivos, para cons-
tatar los resultados obtenidos en este trabajo.
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Resumen

Introduccion: la malnutricion en el anciano que ingresa en el hospital es bastante frecuente y condiciona no solo la extension de la estancia
hospitalaria, sino el prondstico o la aparicion de otras patologias. Su valoracion puede basarse en medidas antropométricas, parametros bio-
quimicos y test nutricionales.

Objetivos: valorar si la circunferencia de pantorrilla es un indicador valido de desnutricion en el paciente anciano recién hospitalizado, analizando
la posible influencia del sexo y la edad.

Material y métodos: estudio descriptivo en 907 pacientes ancianos pluripatoldgicos a su ingreso en el hospital, con una edad media de
82,13 + 7,08 afios. Se han realizado determinaciones bioquimicas incluyendo recuento de linfocitos, colesterol total, transferrina y albtimina.
Se aplicaron en cada paciente las escalas de cribado nutricional MNA, NRS y VGS. Finalmente se determin la circunferencia de la pantorrilla.

Resultados: los test nutricionales muestran un porcentaje de desnutricion medio del 75%. Los parametros bioguimicos muestran un porcentaje
de desnutricion que oscila del 63,4% al 76,7%, y la circunferencia de la pantorrilla un 74,2%. La prevalencia de desnutricion es mayor en
mujeres, independientemente del parametro utilizado en su determinacion. El aumento en la edad, particularmente a partir de los 85 afios, y con
todos los parametros analizados, también condiciona un mayor grado de desnutricion. Todos los parametros estudiados se correlacionan con la
circunferencia de la pantorrilla, estableciéndose el concepto “estar desnutrido” en el punto de corte de 29 cm, para ambos sexos y en todos los
grupos de edad (sensibilidad 99,31%).

Conclusiones: un 75% de la poblacion anciana presenta desnutricion a su ingreso en el hospital. La circunferencia de la pantorrilla es un
marcador de desnutricion en el anciano de facil determinacion y alta sensibilidad, independiente del sexo y la edad.

Abstract

Introduction: Malnutrition in the hospitalized elderly is very common, and it frequently predicts, not only the lengthened hospital stay, but also
the prognosis and other adverse pathologies. Nutritional assessment can be based on anthropometric measurements, biochemical parameters
and nutritional tests.

Objectives: To evaluate if the calf circumference is a valid indicator of malnutrition in the elderly patient recently hospitalized, analysing the
possible influence of sex and age.

Material and methods: A descriptive study in 907 pluripathological elderly patients has been performed upon arrival to the Hospital. The average
age was 82,13+7,08 years. Number of lymphocytes, total cholesterol, plasma transferrin and plasma albumin were evaluated. In addition the
nutritional status was evaluated using the Mini Nutritional Assessment, Nutritional Risk Screening and subjective Global assessment tests. Finally
it was determined the calf circumference.

Results: Nutritional tests show a malnutrition average near to 75%. Biochemical parameters show a percentage of malnutrition ranging from 63.4%
to 76.7% and the results for the calf circumference were 74.2%. The prevalence of malnutrition is higher in women, regardless of the parameter
used. Age, particularly from 85 years, increases the malnutrition risk under all parameters. All parameters are correlated with the calf circumference,
settling the concept “be malnourished” in the cut-off point of 29 cm, for both sexes and in all different age groups (sensitivity 99.31%).

Conclusions: 75% of the elderly population presents malnutrition upon arrival at the hospital. Calf circumference is an easy marker of malnutrition
in the elderly, with high sensitivity and reliability, independently of sex and age.
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INTRODUCCION

Los problemas relacionados con la nutricion en las perso-
nas mayores han cobrado una especial relevancia. La OMS ha
sefialado a la poblacion anciana como un grupo nutricional-
mente vulnerable (1), siendo el estado nutricional un indicador
de calidad de vida en esta etapa (2). La desnutricion afecta al
sistema inmunitario, aumentando la predisposicion a infeccio-
nes, retrasa la cicatrizacion de heridas y favorece la aparicion
de problemas cardiacos, respiratorios, digestivos, metabdlicos
y endocrinos (3). Se ha descrito una alta prevalencia de mal-
nutricion en adultos que ingresa en un hospital, con valores
dependientes de diferencias geograficas y socioecondmicas
(4) y de su estado funcional, incrementandose los niveles de
desnutricién en ancianos con alto grado de incapacidad fisica
0 psiquica y en ancianos que estan institucionalizados (5,6). Asi,
los pacientes geriatricos en atencion primaria presentan desde
niveles de desnutricion de un 20% de la poblacion (5) hasta
valores de un 80,4% de desnutricion en ancianos fragiles con
enfermedad aguda o crénica incapacitante (6).

En 2012, el estudio PREDYCES, que valoraba la malnutricion
de los pacientes hospitalizados en 31 hospitales espafoles y los
costes que ello suponia, describié que la media de desnutricion
afectaba al 23% de los ingresados, pero crecia alarmantemente
en grupos de edad alta, alcanzando el 36% en pacientes de 75
a 84 afos y de casi el 50% en mayores de 85 afios (7,8). Resul-
ta por tanto trascendental la deteccion precoz de desnutricion
geriatrica hospitalaria y es recomendable realizar un cribado en
las primeras 24-48 horas del ingreso con el fin de realizar una
intervencion temprana (11), que evite la prolongacion de estancia,
las complicaciones clinicas y un aumento de los costes (9). De
hecho, en el paciente con nutricion deficiente, ciertos parametros
sanguineos muestran tipicamente valores inferiores a los norma-
les, como cierto grado de anemia ferropénica e inmunidad mas
pobre (10), por lo que es de interés valorar el nimero de linfocitos
circulantes y los valores plasmaticos de colesterol, alblimina y
transferrina (6).

Por otra parte, escalas nutricionales como el Mini Nutrional
Assesment (MNA®) (11), el Nutritional Risk Screening (NRS 2002)
(12) y la Valoracion Global Subjetiva (VGS) (13) estan ampliamente
validadas como métodos de cribado para detectar precozmente
la desnutricion hospitalaria, aunque existen mdiltiples dificultades
cotidianas en su aplicacion a la practica clinica, y particularmente
en pacientes geriatricos, pluripatoldgicos, grandes incapacitados
tanto a nivel fisico como psiquico, institucionalizados o provenien-
tes de otras unidades de hospitalizacion.

Dentro de las posibles aproximaciones antropométricas como el
peso, IMC y otras medidas para objetivar los cambios en la masa
libre de grasa durante el envejecimiento, un parametro sensible,
propuesto como marcador de pérdida muscular, es la circunfe-
rencia de la pantorrilla (CP) (14,15), mejor correlacionada con
el grado nutricional que la circunferencia media de brazo (16),
aungue su uso como medida exploratoria sistemética del estado
nutricional al ingreso hospitalario no se encuentra protocolizada,
pese a ser una variable muy facil de medir.

E. M. Lopez Lirola et al.

El objetivo de nuestro estudio fue analizar si una prueba sencilla
como la determinacion de la circunferencia de la pantorrilla puede
ser un indicador valido de desnutricion en el paciente anciano recién
hospitalizado, correlacionando sus valores con marcadores bioqui-
micos y diferentes escalas de valoracion del estado nutricional.
Ademas, estudiamos si las variables de sexo o de edad constitu-
yen un sesgo a tener en cuenta a la hora de determinar el estado
nutricional del anciano mediante la circunferencia de la pantorrilla.

MATERIAL Y METODOS

Se trata de un estudio de corte transversal con reclutamiento
prospectivo.

PARTICIPANTES

En la muestra se incluyd a todos los pacientes que ingresaron
durante el afio 2011 (de 1 de enero a 31 de diciembre) en la Unidad
de Paciente Pluripatoldgico y Cuidados Paliativos del Hospital Cruz
Roja, Complejo Hospitalario Torrecardenas de Almeria, Esparia. De un
total de 1.049 ingresos, 142 fueron excluidos tras la aplicacion de
los criterios de exclusion, quedando por tanto 907 pacientes (Tabla |).

Los criterios de inclusion fueron: a) pacientes ingresados en
la unidad arriba mencionada con mas de 65 afios; y b) firma del
consentimiento informado por el paciente o tutor.

Criterios de exclusion: a) encontrarse al ingreso en situacion
terminal extrema (40 pacientes); b) imposibilidad fisica para
recoger el parametro antropomeétrico, por tlceras en miembros
inferiores, amputaciones, 0 escayolas (8 pacientes); ¢) presentar
cuadros de trombosis venosa y/o linfangitis bilateral que no hacia
fiable la medicion (4 pacientes); y d) no cumplir los criterios de
inclusion (90 pacientes menores de 65 afios).

Para cada paciente se cumpliment¢ una ficha para recogida de
variables, incluyendo: edad, sexo y tipo de patologia que precisaba
el ingreso (Neurologia, Respiratorio, Cardiologia, Traumatologia,
Endocrinologia, Oncologia y otras patologias menos prevalentes),
asi como la medida de la circunferencia de la pantorrilla (CP),
considerandose como posible alteracion nutricional un valor infe-
rior a los 31 ¢m, coincidente con el establecido en el MNA® (11)
MNA-SF (17) y otros autores (14).

Se emplearon ademas los cuestionarios de cribado nutricional
Mini Nutrional Assesment (MNA-SF) (17), Nutritional Risk Scree-
ning (NRS-2002) (12,18) y Valoracion Global Subjetiva (VGS) (19),
considerando los puntos de corte admitidos para diferenciar nutri-
cion normal de situacion de riesgo o desnutricion.

EI MNA es un cuestionario creado especificamente para pobla-
cion anciana. Clasifica al paciente en tres categorias: desnutrido,
en riesgo de desnutricion y con buen estado nutricional. Consta
de 18 preguntas sobre parametros antropométricos, valoracion
global, historia dietética y auto-percepcion de salud y estado
nutricional. Existe una forma abreviada (Short Form) (MNA®-SF)
creada para reducir el tiempo de realizacion de 10-15 minutos a
3 minutos, que es la que se ha utilizado en nuestro estudio (17).
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La puntuacion total posible es de 14 puntos y se considera como
estado nutricional normal una valoracién de 12-14 puntos.

EI'NRS 2002 es un método de cribado, recomendado por la
Sociedad Europea para la Nutricion Clinica y el Metabolismo
(ESPEN), para detectar la presencia de malnutricion o riesgo de
padecerla en pacientes hospitalizados (12). Consta de 4 pregun-
tas sencillas: ;Esta el indice de masa corporal por debajo de
20,57 ¢Se ha reducido la ingesta durante la dltima semana?
¢Ha perdido peso? ;Esta el paciente gravemente enfermo? Es un
método de alta sensibilidad, pero de escasa especificidad, que
requiere reevaluacion semanal.

El cuestionario VGS es sencillo y reproducible, pero requiere
cierta experiencia para su correcto uso como técnica de despista-
je nutricional. Incluye modificaciones en el peso, ingesta dietética,
sintomas gastrointestinales y situacion funcional. Ha sido validado
en ancianos y esta disefiado para la deteccion de pacientes des-
nutridos o en riesgo nutricional (20).

También se realiz a todos los pacientes ingresados una ana-
litica de sangre que incluyo: recuento de linfocitos, albimina,
transferrina y colesterol plasmaticos, siguiendo procedimientos
estandarizados. Se considerd como parametros indicadores de
desnutricion el tener valores absolutos de linfocitos en sangre
inferiores a 1.500, albimina inferior a 3,5 g/dl, colesterolemia
inferior a 180 mg/dly transferrinemia inferior a 200 mg/dl (21,22).

ETICA Y CONFLICTO DE INTERESES

La participacion en el estudio fue voluntaria, anénima y desin-
teresada. En todos los casos se solicitd el consentimiento infor-
mado, incluyendo la capacidad de retirarse en cualquier momento
sin necesidad de explicacion o justificacion alguna, del paciente
0 hien de su familiar directo o tutor, en los casos de incapaci-
dad psiquica. El estudio fue aprobado por la Comisién de Etica e
Investigacion del Complejo Hospitalario Torrecardenas, Almeria,
de acuerdo con la Declaracion de Helsinki y la normativa propia.

ESTADISTICA

El andlisis estadistico se llevd a cabo con el programa SPSS Inc.
Released 2008. SPSS Statistics for Windows, version 17.0. Chi-
cago: SPSS Inc. y Epidat 3.1.

Se realizd un analisis descriptivo previo de las variables. Se utiliza-
ron para el andlisis bivariante los test de Chi-cuadrado de Pearson, el
exacto de Fischer, la t de Student y ANOVA. Se estimd un modelo de
regresion simple para medir la correlacion existente entre las variables
dependientes e independientes. Se considerd la posibilidad de realizar
una regresion lineal multiple para conocer el efecto de las variables
independientes en conjunto con las variables dependientes. Se rea-
liz6 un modelo de regresion lineal cuando se considerd la medida
circunferencia de pantorrilla como variable cuantitativa. Se construyd
un modelo de regresion logistica al considerar la malnutricion como
variable dependiente cualitativa dicotomica, y se introdujeron las
variables independientes de manera manual una a una.
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RESULTADOS

La muestra final incluyé a 436 hombres y 471 mujeres,
907 pacientes, con edades comprendidas entre los 65 y los 97
afos, con una media de edad superior para las mujeres, 84,67
anos, respecto a los hombres, 79,38. En ambos sexos el grupo de
edad mayoritario fue el comprendido entre los 75 y los 84 afios.

Se consideraron cuatro grupos de edad. Los comprendidos
entre 65y 74 afios, 139 pacientes, los que tenian edades entre
75y 84 afos, 381, aquellos comprendidos entre 85y 90, 247,y
los que sobrepasaban los 90 afios, un total de 140. Las mujeres
aumentaban su presencia a medida que el grupo de edad era
mas longevo.

Mas de la mitad de los pacientes presentaban patologias mul-
tiples, un 64,1%, pero su diagnostico al ingreso era mayoritaria-
mente neuroldgico, en un 44,0% de los casos, seguido de los
casos oncologicos, 17,9%.

Si comparamos los resultados de poblacion considerada des-
nutrida por las variables MNA, NRS, VGS y perimetro de pantorrilla,
encontramos que los cuatro métodos obtienen porcentajes muy
similares. Podriamos asumir que un 75% de los ancianos ingre-
sados presentaban desnutricion (Tabla Il). La valoracion mediante
el NRS muestra mayores porcentajes de desnutricion.

La prevalencia de desnutricion, independientemente del test
utilizado para su determinacion, fue siempre superior en el grupo
de mujeres, p = 0,001, de manera que el porcentaje de desnu-
tricion en las mujeres se acercaba al 80%, mientras que en los
hombres quedaba por debajo del 70%.

La valoracion del estado nutricional mediante variables analiti-
cas, recuento de linfocitos y concentracion de colesterol, transfe-
rrina y albdmina en suero dieron unos resultados que se muestran
en la tabla lll. En general, estos métodos analiticos resultan en

Tabla I. Caracteristicas generales
de la poblacion estudiada

Hombres | Mujeres Total
n 436 (48,1%) | 471 (51,9%) 907
Edad
Media x + dt 79,38 +7,25 | 84,67 +5,82 | 82,13+ 7,08
Rango min-max (65-95) (65-97) (65-97)
De 65 a74 arios 113 (259%) | 26 (5,5%) | 139(15,3%)
De 75 a 84 afios 196 (45,0%) | 185(39,3%) | 381 (42,0%)
De 85 a 90 afios 89(20,4%) | 158 (33,5%) | 247 (27,2%)
Mayores de 90 afios | 38 (8,7%) | 102 (21,7%) | 140 (15,4%)
Diagndstico
Neurologia 174 (39,9%) | 225 (47,8%) | 339 (44,0%)
Oncologia 100 (22,9%) | 62 (13,2%) | 162(17,9%)
Respiratorio 64 (14,7%) | 27 (5,7%) | 91 (10,0%)
Cardiologia 32(7,3%) | 55(11,7%) | 87 (9,6%)
Traumatologia 13 (3,0%) 31 (6,6%) 44 (4,9%)
Endocrinologia 6 (1,4%) 22 (4,7%) 28 (3,1%)
Otros 47 (10,8%) | 49(10,4%) | 96 (10,6%)
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Tabla Il. Porcentaje de pacientes con
nutricion normal o desnutridos segun los
diferentes test de cribado, incluyendo los
porcentajes obtenidos para la medida de

la circunferencia de la pantorrilla

Nutricion normal Desnutricion

26,0% 74,0%
MNA Hombres 31,2% Hombres 68,8%
Mujeres 21,2% Mujeres 78,8%

23,0% 77,0%
NRS Hombres 27,1% Hombres 72,9%
Mujeres 19,7% Mujeres 80,3%

26,6% 73,4%
VGS Hombres 32,1% Hombres 67,9%
Mujeres 21,4% Mujeres 78,6%

Circunferencia 25,8% 74,2%
de pantorrilla Hombres 30,7% Hombres 69,3%
P Muijeres 21,2% Muijeres 78,8%

Tabla lll. Porcentaje de pacientes con
nutriciéon normal o desnutridos segun las
diferentes pruebas analiticas, incluyendo
los porcentajes obtenidos por la medida

de la circunferencia de la pantorrilla

Nutricion normal | Desnutricion
36,6% 63,4%
Recuento de linfocitos Hombres 36,0% Hombres 64,0%
Mujeres 38,6% Mujeres 61,4%
33,6% 67,4%
Colesterol total Hombres 35,6% Hombres 64,4%
Mujeres 33,1% Mujeres 66,9%
30,9% 69,1%
Transferrina plasmatica Hombres 33,7% Hombres 66,3%
Mujeres 28,2% Mujeres 71,8%
23,3% 76,7%
Albtimina plasmatica Hombres 28,7% Hombres 71,3%
Mujeres 18,3% Mujeres 81,7%
Circunferencia de 25,8% 74.2%
antorrilla Hombres 30,7% Hombres 69,3%
P Mujeres 21,2% | Mujeres 78,8%

porcentajes de desnutricion mas pequefios, cercanos al 65%,
salvo los datos aportados por la cuantificacion de albuimina plas-
matica que resultan muy similares a los cuestionarios nutricio-
nales. Una vez mas, la prevalencia de desnutricion es mayor en
las mujeres, siendo el grado estadistico de significacion de p <
0,001 para la valoracion estimada mediante alblimina plasmética.

Para comprobar el posible sesgo del sexo en la valoracion de
desnutricion por la medida de perimetro de pantorrilla se realizd

E. M. Lopez Lirola et al.

un estudio multivariable respecto a la valoracion mediante MNA,
determinando que con un valor de p < 0,001, IC 95% (0,14-
0,062), la medida de perimetro de pantorrilla es un buen predictor
de desnutricion en el anciano, independientemente de su sexo.

La media de edad de los pacientes desnutridos siempre fue
superior a la de los pacientes con nutricion normal, p < 0,001,
mediante t de Student (Tabla V).

La tabla V muestra la media de valores obtenidos tanto en
las pruebas analiticas como en los cuestionarios nutricionales y
en CP para los diferentes grupos de edad. Mediante ANOVA se
pudo comprobar que habia diferencias significativas para todos
los parametros segun los grupos de edad (p < 0,001), siendo
siempre la prevalencia de desnutricion significativamente mayor
en los grupos de mayor edad (p < 0,001), test de la Chi-cuadrado,
para todos los parametros y escalas. Asi mismo se comprobd
que en el grupo de 85-90 afios y en el de mas de 90 afios la
proporcion de pacientes con desnutricion grave era significativa-
mente mayor (p < 0,001). Tras comprobar la homogeneidad de
varianzas se realizaron las pruebas post hoc, se comprobd que
las diferencias significativas se debian a los grupos de 85 a 90
afos y mayores de 90, para los valores de albimina, linfocitos,
transferrina, MNA y NRS-2002.

Para comprobar el posible sesgo de la edad en cuanto a la
valoracion por la CP se realizd analisis multivariante con la des-
nutricion medida por MNA y se observd que la pantorrilla es un
buen predictor de desnutricion del anciano, independientemente
de su edad (p < 0,001, IC 95%; 0,013-0,060).

Correlacionando el riesgo nutricional valorado por la CP con el
valorado mediante MNA, VGS y NRS-2002 se obtiene la mayor
sensibilidad y especificidad para estar “en riesgo de desnutricion”,
estableciendo el punto de corte para la circunferencia de la pan-
torrilla en 31 cm. En nuestro estudio el grado de acuerdo con las
tres escalas fue muy alto (MNA: K = 0,926, VGS: K= 0,949 y

Tabla IV. Media de edad de los pacientes
desnutridos, segun las diferentes
pruebas analiticas y los diferentes

test. Comparacion con la media de
edad obtenida para la medida de la
circunferencia de la pantorrilla

Media edad en anos

Nutricion normal | Desnutricion p
MNA 79,94 +6,84 |82,89+7,01|<0,001
NRS 2002 80,12 +6,85 |82,73+7,05| <0,001
VGS 80,04 +6,82 | 82,88 +7,03 | <0,001
Recuento de linfocitos | 81,47 + 6,50 | 82,52 + 7,39 | = 0,031
Colesterol total 81 +6,59 82,71 7,26 | =0,001
Transferrina 80,13 +6,51 |83,02+7,15| < 0,001
Albdmina 80,04 +6,83 | 82,76 +7,07 | <0,001
C'mggﬁg‘i;ﬁ: % | 70954687 |8288+7,01 | <0,001
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NRS-200:2 K = 0,932). Sin embargo, al correlacionar la desnutri-
cion por CP con la valoracion por MNA y VGS se obtuvo la mayor
sensibilidad y especificidad para “estar desnutrido” en el punto
de corte de 29 cm, para ambos sexos y en todos los diferentes
grupos de edad (sensibilidad 99,31%, especificidad del 94,26%
para MNA®; y 94,43% y 99,10% para VGS).

DISCUSION

La malnutricion en la poblacién anciana es un problema muy
generalizado, pero con una incidencia variable en funcion de los
parametros utilizados para su deteccion, los problemas de salud
asociados y las caracteristicas sociales de la poblacion. En este
estudio hemos encontrado una elevada prevalencia de desnutri-
cién, cercana al 75%, aunque los diferentes modos de valora-
cion proporcionan diferentes incidencias de desnutricion en la
poblacion anciana ingresada en el hospital. El reciente estudio de
Araujo y cols. (2015), comparando el valor de las medidas antro-
pométricas como indicadores de desnutricion en una poblacion de
96 ancianos, muestra prevalencias que van desde un 43,8% a un
61,4%. Todas ellas correlacionaron con la escala nutricional que
utilizaron, aunque las mejores concordancias se obtenian para el
BMI 'y la circunferencia de la pantorrilla (23).

En nuestro estudio, los porcentajes de desnutricion son sen-
siblemente mayores. Hay que considerar que la valoracion del
estado nutricional se realizo al momento del ingreso hospitalario,
pero no cabe duda que la procedencia de los pacientes era bas-
tante dispar; unos vivian en sus domicilios habituales mientras
que otros procedian de residencias o trasladados desde otros
hospitales. EI no haberse recogido esta informacion como varia-
ble de estudio supone una limitacion a tener en cuenta, ya que
los trabajos que incluyen esta variable muestran incidencias de
desnutricion mas severas (por encima del 50%) en la poblacion
institucionalizada (22,24). Tampoco se han reevaluado los pacien-
tes a lo largo de su estancia hospitalaria, y sin embargo, esta
demostrado que la desnutricion se va incrementando conforme
esta aumenta (7,22).

En nuestra muestra, casi la mitad de los pacientes, un 44,2%,
ingresaron por patologia neuroldgica, que se asocia con un mayor
grado de incapacidad y desnutricion (25), por lo que se trata de
un sesgo aleatorio al valorar nuestros resultados.

La poblacion anciana presenta alteraciones en su analitica
sanguinea, relacionables con su nivel de nutricion. Lo mas fre-
cuente es observar un cierto grado de anemia, mayoritariamente
ferropénica (26)y una hipoalbuminemia (2). Nuestros resultados
sugieren que es la albuminemia el dato que mejor muestra el
grado de desnutricion.

La proporcion de desnutridos era significativamente mayor en
los grupos de mas edad (85-90 y > 90 afios), lo que coincide con
otros estudios (27,28). El envejecimiento, en general, se asocia
con cambios de composicion corporal, con pérdida progresiva
de masa muscular y con redistribucion de la masa grasa (29).
Esos cambios se explican por un conjunto multifactorial que
incluye desde una disminucion del ejercicio fisico hasta un dete-
rioro endocrino, neuromuscular 0 metabolico, y, por supuesto,
una inadecuada ingesta de nutrientes (30), siendo dificil decidir
cual es el factor mas determinante. Por eso, nuestros resultados,
demostrando que el valor de la CP puede ser un factor predictor
de desnutricion, independientemente de la edad del paciente,
cobran un gran interés. Algunos estudios ya habian descrito una
asociacion estadisticamente significativa entre el valor de la CPy
el riesgo de desnutricion en el anciano (14), que se mantenia en
todos los segmentos de edad.

El dimorfismo sexual respecto al desarrollo muscular, con
mayor desarrollo en el vardn, podria constituir un problema a
la hora de utilizar la CP como indicador de nutricion (31). De
hecho, las medidas antropométricas obtenidas en las mujeres
son siempre inferiores a las de los hombres (32,33). No obstante,
nuestro estudio demuestra que la CP predice bien la desnutricion,
independientemente del factor sexo.

Se ha sugerido como punto de corte optimo para determinar
la desnutricion en el anciano hospitalizado una CP menor de
30,5 cm, con una sensibilidad menor para los hombres (73,2%)
que para las mujeres (88,8%) y una especificidad contraria,
mayor para los hombres (72,8%) que para las mujeres (61,1%)

Tabla V. Valores obtenidos para la muestra poblacional ordenada en grupos de edad.
Incluye los valores de la circunferencia de la pantorrilla, de las analiticas y los datos
de los test nutricionales (valor medio + desviacidon estandar)

65-74 anos 75-84 anos 85-90 anos Mayores de 90 anos

(n = 139) (n = 381) (n = 247) (n = 140) 2
Circunferencia de pantorrilla (cm) 29,19 + 4,32 29,53 + 4,34 27,72 + 4,41 26,94 + 3,88 p < 0,001
Albtimina plasmatica (g/dl) 3,06 + 0,67 3,08 + 0,66 2,76 + 0,66 2,77 + 0,61 p < 0,001
Transferrina plasmatica 179,69 + 51,97 189,34 + 51,84 173,18 £ 45,80 158,29 + 44,57 p < 0,001
Colesterol total 164,49 + 41,08 162,89 + 44,01 160,06 + 44,09 145,86 + 33,14 p < 0,001
Linfocitos /mm? 1.333,81 +£631,72 | 1.517,01 + 1001,82 | 1.323,09 + 576,85 1.202,83 + 484,45 p < 0,001
NRS2002 4,93 + 2,26 507241 578 +214 6,31 = 1,68 p < 0,001
MNA 9,72 + 3,40 9,55 + 3,33 8,10 + 3,25 7,21 +2,83 p < 0,001
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(33). En caso de poblacién con caracteristicas raciales especi-
ficas, estos valores pueden requerir de modificacion, como se
ha demostrado para poblacion taiwanesa (34), que establece
puntos de corte diferenciados por sexo: menos de 28 cm para el
hombre y de 25 cm para la mujer. Si bien coincide con nuestro
estudio en valorar como punto de corte para determinar riesgo
de desnutricion un perimetro de pantorrilla menor de 31 cm,
la mayor sensibilidad y especificidad para valorar desnutricion
real se ha establecido en el punto de corte menor de 29 cm de
perimetro de pantorrilla, para ambos sexos y para todos los dife-
rentes grupos de edad. De hecho, estos puntos de corte también
parecen ser buenos predictores de la necesidad de cuidados en
el futuro (35). Finalmente se ha sugerido que la valoracion del
estado nutricional en pacientes ingresados necesita la deter-
minacion de diferentes indicadores nutricionales (36). Nuestros
resultados demuestran que la deteccion de desnutricion o riesgo
de padecerla en el paciente geriatrico al ingreso hospitalario
puede realizarse de forma fécil y segura con la medicion de la
CP, favoreciendo la puesta en marcha de un tratamiento precoz.
Ademas, la CP puede ser también utilizada como predictor de
riesgo y necesidad de cuidados.

CONCLUSIONES

Nuestros datos sefialan una prevalencia elevada de desnu-
tricion en el paciente geriatrico que ingresa al hospital, un 75%
de la poblacion, lo que supone diferencias muy importantes con
hallazgos de otros estudios realizados en nuestro pais, que mos-
traban prevalencias inferiores.

La determinacion de la CP ofrece unos resultados muy simila-
res a los obtenidos por las escalas nutricionales MNA, NRS y VSG,
y a la valoracién de albuimina plasmatica, que resulta el mejor
indicador bioquimico de desnutricion.

El método de la circunferencia de la pantorrilla como marcador
de desnutricion en el anciano resulta independiente de los fac-
tores sexo y edad. Se propone como punto de corte, con mayor
sensibilidad y especificidad, un valor inferior a 29 cm.
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Abstract

Introduction: There are few studies assessing overall diet and food patterns of the oldest population.

Objectives: To examine food groups consumption (grams and servings) and their compliance with the dietary guidelines in community-dwelling
very old Spanish adults. The relationship with the risk of malnutrition was also studied.

Methods: Within the cross-sectional health study of elderly people of Villanueva de la Cafiada (Madrid, Spain), in 98 non-institutionalized elders
aged > 80 years (66% women) food consumption was calculated from a 24-hour dietary recall and nutritional risk was assessed by Mini Nutritional
Assessment (MNA). Statistical significance was evaluated at 95% confidence level (p < 0.05).

Results: Men consumed significantly higher amounts of snacks/pickles and alcoholic beverages. The consumption of cereals/grain products
(2 servings/day), vegetables (1.5 servings/day) and meat, fish, eggs (1.4 servings/day), was below desirable levels. As nutritional status got
worse, fruit consumption was significantly smaller (p = 0.039). Relatively weak but highly significant correlations were found between MNA and
oils/fats, fruits and alcoholic beverages. After adjustment for energy intake, oils and fats and fruits associations disappeared whereas a negative
association between milk/dairy products and MNA was found.

Conclusions: Dietary patterns of the elderly population of Villanueva are departing from the traditional Mediterranean diet and though ade-
quate consumption of fruits, milk/dairy products, oils/fats and sugar/confectionery has been achieved, cereals/grain products, vegetables and
the meat,fish,eggs group consumption was below the desirable levels. Deterioration of the nutritional status coincided with a reduction in the
consumption of all food groups except for ready meals and milk/dairy products whose consumption increased. Further research on the influence
of fruit, milk/dairy products, wine and olive oil consumption on nutritional status is required.

Resumen

Introduccion: existen pocos estudios que valoren el consumo de alimentos de la poblacion muy mayor.

Objetivos: evaluar el consumo de los grupos de alimentos (gramos y raciones) y su adecuacion a las recomendaciones para la poblacion anciana
espafiola. Ademas se estudia su relacion con el riesgo nutricional.

Métodos: dentro del estudio transversal sociosanitario en mayores de Villanueva de la Cafiada (Madrid), en 98 individuos > 80 afios (66% mujeres)
se evaluo el consumo de alimentos a partir de un recuerdo-24 horas y el riesgo nutricional fue valorado mediante Mini Nutritional Assessment
(MNA). La significacion estadistica se evalud a nivel de confianza del 95% (p < 0,05).

Resultados: los hombres consumieron significativamente mayor cantidad de aperitivos y bebidas alcohélicas. El consumo de cereales y deri-
vados (2 raciones/dia), verduras y hortalizas (1,5 raciones/dia) y alimentos del grupo carnes, pescados y huevos (1,4 raciones/dia) no alcanzd
las recomendaciones. Al empeorar el estado nutricional el consumo de frutas fue significativamente menor (p = 0,039). Se han encontrado
correlaciones relativamente débiles, pero altamente significativas entre el MNA y el consumo de aceites/grasas, frutas y bebidas alcohdlicas.
Tras ajustar la ingesta de energia, la asociacion con los aceites/grasas y con las frutas desaparece mientras que surge una asociacion negativa
con el consumo de lacteos.

Conclusiones: el patron alimentario observado se desvia del mediterraneo tradicional. Asi, aunque existe un consumo adecuado de lacteos,
frutas, aceites/grasas y azlicares/dulces, el consumo de cereales y derivados, verduras y hortalizas y alimentos del grupo carnes, pescados y
huevos no alcanzo las recomendaciones. El deterioro del estado nutricional coincide con una disminucion en el consumo de todos los grupos de
alimentos menos en el caso de los precocinados y los lacteos cuyo consumo aumenta. La infuencia del consumo de fruta, lacteos, vino y aceite
de oliva sobre el estado nutricional requiere mas investigacion.
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INTRODUCTION

Elderly people are a highly heterogeneous group since old
age covers an age range of more than 40 years and there are
great differences from one individual to another. The age group
composed of people of 80 years and over will be the fastest
growing segment of the population in the decades to come
(1). An extensive body of literature indicates that not only an
appropriate nutrient intake but also a balanced consumption of
food groups, considering diet as a whole, contribute to healthy
ageing. Food pattern analysis can enhance our understanding
of current dietary practices, provide a way to evaluate health
outcomes of those who adhere to dietary guidelines and produce
results that may be directly applicable to guidelines updating (2).
To our knowledge, there are few published studies assessing
overall diet and food patterns in non-institutionalized elderly
people and even fewer concerning the oldest old. Although
there are some studies that associated Mediterranean diet and
healthy aging in the elderly (3), there is hardly any study that
focuses in the existence of scientific evidence that good food
patterns benefit subjects, institutionalized or not, aged 80 years
and above (4,5). More studies characterizing food consumption
and other factors affecting food patterns in very old people are
required as an approach to implementing adequate nutritional
policies in order to improve the nutritional status of these indi-
viduals because “it's never too late” (6).

OBJECTIVES

The aim of this paper was to examine the consumption of the
different food groups (in grams and servings) and their compliance
with current dietary guidelines for the Spanish elderly population
in a sample of community-dwelling very old adults living in Vil-
lanueva de la Cafada (Madrid, Spain). In addition, the relationship
between MNA and food groups consumption was studied.

MATERIAL AND METHODS

In 2011, a cross-sectional survey —the Villanueva Study of
Health in the Elderly—was carried out in very old women and men
living in Villanueva de la Cafnada (16,804 registered inhabitants),
Madrid, Spain (7,8). All non-institutionalized inhabitants aged 80
years and above (n = 264) were invited by letter to participate in
a comprehensive geriatric evaluation. Fifty-eight elders refused to
participate and 108 could not be evaluated due to missing data
necessary to locate people or because they lacked a permanent
place of residence. Finally, 98 non-institutionalized inhabitants
aged 80 years and over (65 women and 33 men) were involved.
All were clearly informed that involvement was voluntary and that
they could withdraw from the study whenever they wanted. There
were no significant differences in age or sex between participants
and non-participants. Interviews were performed by two geriatri-
cians and one nutritionist at the primary health care centre or at
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subjects’ homes when transfer of the subject to the centre was
impossible. The caregiver or a relative was interviewed only if the
subject was cognitively impaired. Data was collected by interview
from February 2011 to June 2011. Written informed consent was
obtained from each subject or cohabiting next of kin.

Within a comprehensive health assessment protocol for very
old people, the nutritional assessment tools included were the
following:

— Dietary assessment. The evaluation of food consumption
was conducted using 24-hour dietary recall, in which an
interviewer asked the subject to enumerate and quantify
the foods and beverages consumed in the preceding full
day. Consumed quantities were estimated in units (e.g.
fruits), servings and home-made measurements standard-
ized for this study (9). Consumption data (g/person/day)
were classified into 15 food groups using the Spanish Food
Composition Data Base by Moreiras et al. (9) utilized in
other studies involving elderly people (10,11): cereals and
grain products, milk and dairy products, eggs, sugar and
confectionery, oils and fats, vegetables, legumes, fruits,
meat and meat products, fish and seafood, alcoholic bev-
erages, non-alcoholic beverages, sauces and condiments,
ready meals, snacks and pickles. In the present study, the
sauce and condiment group was not considered due to a
very low consumption, and eggs, fish and seafood, and
meat and meat products were also gathered together into
anew group, the meat, fish and eggs food group. This daily
consumed new group composed of rich in high quality
animal protein food groups was built in order to compare
our results to other studies. The mean daily intakes (grams)
of the food groups consumed daily were expressed also
in servings and then compared to the Spanish food-based
dietary guidelines for the elderly population, a modified
version of Russell et al. (12) by Carbajal (13). The serving
sizes of the daily consumed food groups (edible portion)
were: 50 g of cereals and grains products, 175 g of vege-
tables, 125 g of fruits, 125 g of meat, fish and eggs and
125 g of milk and dairy products.

— Nutritional screening test, Mini Nutritional Assessment
(MNA). It is a clinical tool that is usually included in com-
prehensive geriatric evaluation to identify subjects at risk
for malnutrition (17-23.5 points) and malnourished (< 17
points). Subjects scoring > 24 points are well nourished. The
MNA includes 18 items involving anthropometrical, dietary
and subjective measurements. The MNA is well validated
and correlates highly with clinical assessment and object-
ive indicators of nutritional status (body mass index, energy
intake and vitamin intake). MNA scores demonstrated both
high sensitivity (98%) and high specificity (96%) (14).

The study was conducted under a cooperative agreement
between the Complutense University of Madrid and the Villanu-
eva de la Cafiada City Council. It was performed in accordance
with the guidelines laid down in the Declaration of Helsinki and
all procedures were approved by the Research Committee of the
Faculty of Pharmacy (Complutense University of Madrid).
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DATA ANALYSIS

Statistical analysis was performed using SPSS 19.0. Participant
characteristics were stratified by sex and reported as frequencies
when categorical and as means and standard deviations when
continuous. Food group consumption was stratified by sex and
nutritional status (MNA), and the findings expressed as minimum
and maximum values, percentiles (P25, P50, P75) and means
and standard deviations. Comparisons between groups were esti-
mated using, as appropriate, Mann-Whitney U test, Chi-square
test, Chi-square test with Bonferroni’s correction, two-sample
t-test and Kruskal-Wallis test or Anova test. Correlation study
of the MNA score and food group consumption was performed
using Spearman’s rho for non-parametric analysis. The level of
significance used was 5%.

RESULTS

Table | presents the sample characteristics and MNA results.
The mean age was 86.6 + 5.0 years and 28% were aged > 90.
There were significant differences in marital status (the majority
of women were widowed) and in the percentage of people with
secondary studies. Sixteen participants, all octogenarians, lived
alone. According to the MNA results, 29.6% were at risk for mal-
nutrition and 7.1% were malnourished. Significant differences
were observed between men and women in terms of nutritional
status score and the percentage of elders with normal nutritional
status and at risk for malnutrition, but not when compared for
malnourishment.

Food group consumption expressed in grams/day is shown in
table II. The food groups consumed in the greatest amounts were
milk and dairy products, and fruits. Men reported significantly
higher consumption of snacks and pickles than women (3.5 + 7.2
vs. 1.2 + 6.5; p = 0.02) and of alcoholic beverages (79.7 + 122.8

S. Jiménez-Redondo et al.

vs. 17.6 = 63.1; p = 0.00). Women showed higher consump-
tion of meat and meat products and of non-alcoholic beverages,
whereas men had higher intake of fish and seafood, fruits and
vegetables but these differences were not statistically significant.

Table Ill presents food group consumption, converted to
servings, in the overall sample, comparing it with the Spanish
food-based dietary guidelines for elderly population modified by
Carbajal (13)from Russell et al. (12) (Fig. 1). According to the
findings, the study group followed the recommendations for most
of the food groups. The consumption of cereals and grain products
(2 servings/day), vegetables (1.5 servings/day) and meat, fish and
eggs (1.4 servings/day) food groups was below desirable levels.

Consumption of food groups according to nutritional status
measured by means of MNA and the correlation study between
food group consumption and nutritional status are reported in
table IV. Significant differences were found for the consumption
of fruits (p = 0.04). Elders found to be malnourished had higher
intake of ready meals and milk and milk products but differences
were not statistically significant. Neither alcoholic beverages nor
snacks and pickles were consumed by elders in whom the MNA
indicated malnourishment.

Relatively weak but highly significant correlations were
found between MNA score and oils and fats (p = 0.004), fruits
(p = 0.007) and alcoholic beverages (p = 0.011). Qils and fats
and fruits associations disappeared after further adjustment for
energy intake whereas a negative association between milk and
dairy products and nutritional status appeared (p = 0.029).

DISCUSSION

The present study assessed food patterns of non-institutional-
ized individuals aged 80 years and over living in a small Spanish
town. As far as we know, this is the first study of food consump-
tion of community-dwelling very old people living in a similar

Table I. Characteristics of the simple and MNA results

All subjects Men Women
n 98 33 65
Age. Years. Mean (SD) 86.6 (5.0) 85.3 (4.4) 87.3* (5.2)
Age > 90 years (%) 14.3% 15.2% 13.8%
Widowed (%) 61.5 31.3 76.6
Married (%) 34.4 68.8 17.2
Uneducated person (%) 41 0.0 6.2
Secondary school education (> 12 years) (%) 194 33.3 12.3"
Living alone (%) 16.3 9.1 20.0
MNA. Mean (SD) 24.3 (4.0) 25.9 (4.3) 23.5(3.6)*
MNA. Normal nutritional status (> 23.5) (%) 63.3 84.8 52.3**
MNA. At risk of malnutrition (17-23.5) (%) 29.6 9.1 40.0*
MNA. Malnourished (< 17) (%) 7.1 6.1 7.7

*0 < 0.01; “p < 0.05. Comparisons were estimated using the Mann Whitney u-test or Chi-square test.
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Table Il. Food group consumption by sex (grams per day)
Men (n = 33) Women (n = 65) p

Food group Min. | Max. | P, | Py, | Py Mean +SD | Min.| Max. | P, P P Mean + SD
Cereals and grain products | 32 |237.7 | 81.8 | 120 | 156.3 | 127.5+59.7 | 14 | 380 80 117 [173.3] 130.6 =70.8 | .869
Milk and dairy products | 160 | 850 | 255 | 375 | 550 |397.8+169.0 | 0 |1,101| 225 | 325 | 525 |389.7 +242.4 | .591
Eggs 0 | 128 0 0 | 455 | 21.9+366 | 0 |1472] O 0 196 | 19.0+353 |.796
Sugar and confectionery | 0 71 1.7 12 23 17.9+21.3 0 60 0 15 | 26.3 | 16.7+155 |.660
Qils and fats 8 81 16 | 243|383 | 289«173 | 0 | 565 | 15 | 185 | 30 229+123 | 114
Vegetables 13.7| 805 | 924 | 235 |4245|271.7«2113| 0 | 805 | 95 200 | 292 |220.3+163.3|.385
Legumes 0 | 150 0 0 25 210+ 371 0 | 578 0 0 237 | 29.0+91.1 |.441
Fruits 0 | 700 | 187.5| 345 [569.3|337.2+2156| 0 | 950 | 160 |?240.1|377.5|290.7 +218.1 | .226
Meat and meat products | 0 | 220 | 17.5 | 45 |139.2| 69.9+684 | 0 | 265 | 75 | 825 | 139 | 81.7+72.4 |.689
Fish and seafood 0 [2666] O 69 | 200 | 93.6 +96.1 0 [3341] 0 0 100 | 66.9+88.4 |.173
Alcoholic beverages™ 0 | 555 0 45 | 90 | 7971228 | 0 | 470 0 0 0 17.6 +63.1 | .000
Non-alcoholic beverages | 0 |1,688| 3 125 | 251 [183.7«301.1| 0 |1,700| 51 133 [288.3]210.9 +266.2 | .422
Ready meals 0 | 120 0 0 0 7.0+ 251 0 | 128 0 0 0 95+309 |.934
Snacks and pickles* 0 25 0 0 0 35+72 0 50 0 0 0 12+65 |.023
Meat, fish and eggs’ 0 | 410 [107.3|200 | 270 |[1855+104.0| 10 | 398 |111.3| 150 | 230 | 166.4 +87.9 | .341

P < 0.05; p < 0.01; Comparisons were estimated using the two-sample t-test or Mann Whitney U-test. P, percentile 25; P, median or percentile 50; P . percentile
75. tComprises eggs, fish and seafood, and meat and meat products.

Table Ill. Consumption of food groups (servings/day)

Food Consumption (g/day); (n = 98) Recommendations | Consumption
Food group ) S Seni for Spanish elderly | of the study
Min. | Max. | P, P, P Mean + SD ervings people* group
Coreals and grain | 4| 00 | g5 |117.3| 163.3 | 129.5+ 669 20 6-8 servings/day Less than
products recommended
. Less th
Vegetables 0 | 805 | 92.4 | 216 | 3108 | 237.6+ 181.4 15 3-5 servings/day 6ss than
recommended
Fruits 0 950 160 | 250 | 425 | 306.3+217.3 2.5 2-4 servings/day Correct
Meat, fishand | | 410 [ 1004 | 153 | 2343 | 1728496 14 2-3 servings/day Less than
eggs’ recommended
Milk 1.4
Milk i .
anddairy 1o | 4101 | 208.8 | 3363 | 531.3 | 3925+ 2195 | Yogurt 1.2 3-4 servings/day Correct
products
Cheese 0.6
QOils and fats 0 81 15 20 315 249144 < 60 g/day Correct
Sugar and 0| 71 0 |125| 25 | 171+175 |85kcal (@%)| < 10% total energy Correct
confectionery

“Carbajal A. Manual de Nutricion y Dietetica, 2013. P, Percentile 25, P, Median or percentile 50; P, percentile 75.
TComprises eqgs, fish and meat and meat products.

urban area. The subjects of previous relevant Spanish studies
involving elderly people, such as SENECA, did not reach these
ages (11). Spanish participants in the Euronut-SENECA study
were aged 71-80 years (12) and the results of the EPIC-Elderly

study, although they included people aged 80 and above, were not
differentiated by age group (15). A limited number of nutritional
surveys considering food consumption at the individual level have
been carried out in Spain to assess the nutritional status in ran-
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Pyramid for adults +70 years

Ol L Supplements:
(Modified by Carbajal A. Calcium
from Russell an col., 1999) Vitamin D

Fats, oils, sweets:
in moderation

Meat, fish, and eggs:

2 - 3 servings day Dairy products:

3 - 4 servings / day

Fruits:

2 - 4 servings / day
Vegetables: @%& vings / oay
3 - 5 servings / week p %’

Cereals, bread,

Legumes:
2 - 3 servings / week

rice, pasta:
6 - 8servings/day / eSS
(rich in feber) Wa‘ter:
/ D D D D D D D D +8se{rvings/day
Figura 1.

Food guide pyramid for people over seventy years of age. Available at: www.ucm.
es/innovadieta.

dom samples of the populations of specific regions (16-20) but
in these studies the cut-off ages were below 80 years old except
for the survey carried out in Madrid region (ENUCAM), in which
people aged 65 years and over were included as a group but no
differences by age within this group were shown (20). The study
of a very old community dwelling population is complex because
there is less population and the participation rate is normally lower
than in younger elders. In a German study that described energy
and nutrient intake of free-living elderly people with special focus
on age-related differences (21) the participation rate was mark-
edly higher in the young-old (65-74 years; 50.1%) compared to
the very-old elderly people (> 85 years; 29.8%). In our study, the
rate of participation was 37%.

The study of food consumption among Villanueva elders
showed milk and dairy products and fruits and vegetables to be
the food groups consumed in the greatest amounts. These results
are similar to those obtained in the people aged 65 and over of
the survey carried out in Madrid region (ENUCAM) (20) and in the
Spanish participants (aged 75-80 years) in the Euronut-SENECA
study (11). The largest difference between the Villanueva study
and ENUCAM survey (> 65 years group) (20) is detected in fruits
(Villanueva: 306 + 217 g/day vs. ENUCAM: 591 = 438 g/day)
and vegetables (Villanueva: 238 + 181 g/day vs. ENUCAM:
498 = 221 g/day) consumption. The largest difference between
the Villanueva and Seneca studies (75-80 year age group) (11) is
also observed in fruit consumption (Villanueva; 306 + 217 g/day
vs. Seneca: 497 + 393 g/day); this could be due to the age group
difference. Age, body mass index and educational attainment have
being found to be strongly associated with frequency of fruit and
vegetable consumption in an international comparison of two
nationally representative surveys that assessed food intake via
24-h diet recalls (22). In our study, women consumed almost the
same amounts as men in nearly all food groups. Men had sig-
nificantly higher consumption of snacks and pickles (p = 0.023)
and alcoholic beverages (p < 0.001). Snacks and pickles were not

S. Jiménez-Redondo et al.

studied in the Seneca study. Significantly higher consumption of
alcoholic beverages by men has also been observed in the Sen-
eca study (75-80 years) (11) and in a study of the dietary habits
of Italians aged 65 years or over (23). In the Villanueva study,
women consumed more meat and meat products and non-alco-
holic beverages, whereas men had higher intake of oils and fats,
fish and seafood, and fruits and vegetables. As in our study, in
the EPIC-Elderly study (15) men from the Spanish cohort showed
higher consumption of fish and seafood and of vegetables than
women. On the other hand, this study found higher meat and
meat product consumption among men (15), whereas in the Vil-
lanueva study women consumed more meat and meat products.
Disagreement between the Seneca study and our study could be
due to age group differences, indicating that consumption chan-
ges with age, and diet studies of individuals aged 80 and over
are required. It also could be due to differences in existing food
patterns between Spanish regions and between rural and urban
areas (the Seneca study was carried out in a rural area in the
northwest coastal region and the Villanueva study in an urban
area in the central region).

According to the dietary guidelines for the Spanish elderly
population proposed by Carbajal (13) (Fig. 1), adequate consump-
tion of fruits, milk and dairy products, oils and fats, and sugar
and confectionery has been achieved (Table Ill). When assessing
food consumption by servings, it should be taken into account
that serving sizes have not been standardized across countries.
Intakes of cereals and grain products, vegetables and items from
the meat, fish and eggs food group are below desirable levels.
Inall, 78% (n = 76) of the sample consumed less than 180 g/
day (3.6 50-g servings) of cereals and grain products when an
intake of 6-8 servings per day is recommended; 87% (n = 85)
of Villanueva elders ate less than 450 g/day of vegetables (2.5
175-g servings) when the recommendation is 3-5 servings/day. In
a cross-sectional study of a Spanish population aged > 65 years
that described food intake based upon the MNA test, almost 1
of 5 elderly Spaniards failed to consume at least two servings a
day of vegetables (24). In our sample, 65 Villanueva elders (66%)
consumed less than 200 g/day (1.6 125-g servings) of meat, fish
and eggs when 2-3 servings/day are recommended.

The diet of the elderly people from the Villanueva study slightly
differed from the traditional Mediterranean, which is characterized
by high consumption of foods of plant origin (vegetables, fruits,
legumes and cereals), high intake of olive oil as the principal
source of monounsaturated fat but low intake of saturated fat,
moderate intake of fish, low-to-moderate intake of dairy products,
low consumption of meat and poultry, and wine consumed in
low-to-moderate amounts, normally with meals (25).

When food group consumption is compared by MNA results
(Table 1V), elders with normal nutritional status ate significantly
more fruit (p = 0.039). This significant difference in fruit con-
sumption could be related to the degree of functional impairment,
cognitive impairment and difficulties in chewing and swallowing
that are also related to the risk of malnutrition. Deterioration of the
nutritional status coincided with a reduction in the consumption
of all the food groups except for those including ready meals and
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milk and dairy products, the consumption of which increased. Nei-
ther alcoholic beverages nor snacks and pickles were consumed
by elders found to be malnourished upon assessment. In this
study that analyses specific aspects of food intake based upon the
MNA test, those at risk of malnutrition showed lower consumption
of all protein-rich foods (dairy products, legumes, eggs, meat,
fish and poultry) (p < 0.001), but it must be taken into account
that this study was based upon MNA test questions (24). In an
Italian study that evaluated the change in eating habits occurring
in 217 community-dwelling and 213 institutionalized elderly sub-
jects, aged 65 years and older, with senile anorexia, MNA scores
were significantly better in those who had a regular intake of fruit
and vegetables and meat, fish and eggs food groups (26).

In the Villanueva study, the proportion of participants who were
at risk for malnutrition (29.6%) or were malnourished (7.1%)
—measured by means of MNA— was higher than the data shown in
Guidoz’s review (27) (24% [range 8-76%] at risk and 2% [range
0-8%] malnourished) and lower than the data shown in a sys-
tematic review of the prevalence of malnutrition in Spanish elderly
people (28) (38% [range 23.9-57.5%] at risk and 9% [range
0-23.1%] malnourished). Significant differences were seen in
nutritional status scoring (7) and in the percentage of elders with
normal nutritional status or risk of malnutrition, but not in the inci-
dence of malnourishment when men and women were compared.
Some studies reported significant sex differences (29) for MNA
results, while others did not (30). One of the reasons why more
women are at risk of malnutrition could be that a higher proportion
of women live alone and other reason could be age because there
are more women aged > 90 years.

An association was found between the nutritional status meas-
ured by MNA score and the consumption of some food groups
(Table IV). Lower risk of malnutrition was reported when the con-
sumption of oils and fats (mostly olive oil), fruits and alcoholic
beverages (mainly wine; 79.7 + 122.8 g/day) was higher. In the
Italian study of elderly subjects with senile anorexia, an association
between the nutritional status and the frequency of consumption of
certain food groups was also observed: nutritional parameters were
significantly better in subjects who ate sufficient amounts of fruit
and vegetables and meat, fish and eggs (26). Although detailed
study of food group composition has not been carried out, it is
important to highlight that some groups are mainly composed of
one foodstuff. The oil and fat food group is principally olive oil, but
sunflower oil, butter and margarine are also consumed. Olive oil is
consumed by 95.9 % and only 4 women took sunflower oil. Butter
(21.4%, n = 21) and margarine (1%, n = 1) are used as bread
spreads for breakfast. Wine is the main alcoholic beverage and it is
usually combined with soda water during meals. Thirty-five elders
(35.7%) drank wine, two of those also drank beer, and a woman
drank both beer and whisky. Regular, moderate consumption of
wine, mainly with food, increases longevity and reduces the risk
of cardiovascular disease (31). Finally, after further adjustment for
energy intake it is observed that as the nutritional status worsened,
measured by MNA, Villanueva elders consumed more milk and
dairy products. This result disagrees with the fact reported in other
studies where dairy products consumption improved nutrient intake

S. Jiménez-Redondo et al.

and prevented malnutrition (32,33). In that sense, it should be
taken into account that milk and dairy products are very easy to
consume and that could be the reason for people with less func-
tional capabilities to tend to consume more.

Some limitations of the study should be accounted. The small
sample size (only 98 of 264 inhabitants) and the small number
of men, a common situation when studying very old populations,
should be considered a limitation of the study. No inhabitants were
excluded but some did not want to participate in the study. Another
matter to be taken into account is the fact that the sample con-
sists solely of non-institutionalized elderly people. Cross-sectional
community-based studies are subject to under-representation of
elderly individuals placed in long-term care institutions. Additional
issues are selective mortality and the possibility that people with
certain dietary patterns may survive longer. In that case, we can-
not be sure that those who have reached older ages, the survivors,
demonstrate a pattern that represents changes with aging (34).
Finally, the cross-sectional design raises questions of temporal-
ity when diet-MNA associations are presented. The limitations
resulting from the use of 24h recall as the method chosen for the
dietary assessment should not be overlooked either (35), but for
this study, in which very old people underwent many tests in the
same appointment, this was considered to be the most suitable
method due to its simplicity and its relatively little burden on the
respondents.

In conclusion, the food patterns observed in the Villanueva
elderly people are in harmony with the actual dietary trends in
Southern European countries that are breaking away from the
traditional Mediterranean diet. Further research on the influence
of fruit, milk and dairy products, wine and olive oil intake on nutri-
tional status is required.
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Abstract

Introduction: Adiponectin, an adipocyte derived peptide, has anti-inflammatory and antiatherogenic effects, and improves insulin sensitivity. How-
ever, little is known about dietary predictors and their interactions with lifestyle on adiponectin concentrations, in apparently healthy young adults.

Objective: To evaluate the associations between plasma concentrations of adiponectin with dietary components and lifestyle in apparently
healthy young adults.

Methods: Anthropometric and body composition, systolic and diastolic blood pressure, diet and lifestyle data of 157 healthy young adults, aged
18 and 35, were collected and analyzed. Blood samples were collected after fasting for 12 hours to determine adiponectin concentrations. Dietary
and anthropometric indexes were calculated and analyzed.

Results: Adiponectin concentrations were significantly higher for women compared to men; and there was an indirect and significant correlation
between adiponectin concentrations with BMI. There was a significant association between adiponectin concentrations with the healthy eating
index, calories, lipids, proteins, fibers, riboflavin, and phosphorus, among others; and a tendency with carbohydrates and niacin. In multiple linear
regression analysis, fiber and riboflavin (= 0.0928; p = 0.0013) and carbohydrates and phosphorus were associated with the concentrations
of adiponectin. The association with carbohydrates and phosphorus suffered interaction with gender (> = 0.2400; p < 0.0001), as well as the
association with phosphorus also suffered interaction with physical activity (2= 0.1275; p = 0.0003)

Conclusion: Plasma concentrations of adiponectin, in healthy young adults, seem to be modulated by components of diet depending on gender
and physical activity.

Resumen

Introduccion: la adiponectina, un péptido derivado de los adipocitos, tiene efectos antiinflamatorios y antiaterogénicos, y mejora la sensibilidad
a la insulina. Sin embargo, se conoce poco sobre los predictores de la dieta, asi como sobre las interacciones con el estilo de vida de las con-
centraciones de adiponectina en adultos jovenes aparentemente sanos.

Objetivo: evaluar la asociacion entre las concentraciones plasmaticas de adiponectina con los componentes de la dieta y estilo de vida en los
adultos jévenes aparentemente sanos.

Métodos: fueron recogidos y analizados datos antropométricos y de composicion corporal, presion arterial sistolica y diastdlica, datos de la dieta
y del estilo de vida de 157 adultos jovenes sanos, de entre 18 y 35 afios de edad. Se tomaron muestras de sangre después de un ayuno de
12 horas para determinar las concentraciones de adiponectina y se calcularon y analizaron los indices dietéticos y antropométricos.

Resultados: las concentraciones de adiponectina fueron significativamente mayores para las mujeres en comparacion con los hombres; y
habia una correlacién indirecta y significativa entre las concentraciones de adiponectina con el IMC. Hubo una asociacion significativa entre las
concentraciones de adiponectina con el indice de alimentacion saludable, calorias, lipidos, proteinas, fibras, riboflavina y fésforo, entre otros; y
una tendencia con los hidratos de carbono y niacina. En el andlisis de regresion lineal multiple, la fibra y la riboflavina (> = 0,0928, p = 0,0013)
y los hidratos de carbono y el fésforo se asociaron con las concentraciones de adiponectina. La asociacion con los hidratos de carbono y fosforo
sufrig interaccion con el género (> = 0,2400, p < 0,0001), asi como la asociacion con el fosforo también sufrié interaccion con la actividad
fisica (= 0,1275, p = 0,0003).

Conclusion: Las concentraciones plasmaticas de adiponectina, en adultos jovenes aparentemente sanos, parecen estar moduladas por com-
ponentes de la dieta en forma dependiente de género y de la actividad fisica.
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INTRODUCTION

Adiponectin, a protein exclusively expressed in differentiated
adipocytes, is involved in glucose and lipid metabolism, pro-
motes insulin sensitivity and decreases inflammation (1-3). Such
manifestations relate their protective role of chronic diseases,
particularly type 2 diabetes and cardiovascular disease (1-3). Its
levels are paradoxically lower in obese than in lean subjects (2)
and their plasma concentrations decrease with increasing obesity
grade (4). Not only, but also, high adiponectin concentrations are
associated with higher insulin sensitivity, regardless of the pres-
ence of obesity (4).

In addition to the association between anthropometric and body
composition, clinical and biochemical parameters with adiponectin
(5), it has been shown that several modifiable risk factors related
to lifestyle are also associated (6). Not only but also, the cumu-
lative effects of various risk factors, like physical activity (PA),
gender and smoking, as well as their separate effects, have not
been sufficiently explored (6).

Yet, it has been shown that several components of the
diet and dietary patterns (7), calculated using indices that
assess the diet quality (8,9), are associated with the levels of
inflammatory biomarkers; however, the literature lacks stud-
ies involving apparently healthy young population regarding
the association between these indices and nutrients, and the
concentrations of adiponectin. Furthermore, although studies
suggest that caloric restriction and weight loss is associated
with higher adiponectin concentrations (10,11), little is known
about dietary predictors of plasma adiponectin concentrations
in apparently healthy young adults consuming diets in free-liv-
ing context.

Therefore, the aim of our study was to verify the associations
between adiponectin concentrations and dietary and lifestyle data
in apparently healthy young adults, as well as validating which
dietary parameters predict their concentrations.

SUBJECTS AND METHODS

SUBJECTS

The release of the study for recruitment of participants was
conducted through radio, television, leaflets and the website of
the Federal University of Vigosa (UFV). The participants were
students of this university. Once accepted the invitation, volun-
teers could collaborate in a study protocol which provided for
three meetings:

— Phase [: initial enrollment screening, selection, and guidance

to volunteers for the next phase.

— Phase II: assessment of diet, anthropometric, body compos-
ition, blood pressure assessments and lifestyle factors, and
guidance to volunteers for the next phase.

— Phase lll: measurement of biochemical data. All steps were
conducted at the Metabolic Assessment Laboratory of the
Department of Nutrition and Health of the UFV.

[Nutr Hosp 2016;33(3):580-587]

PHASE I. SCREENING

Initial enrollment screening included evaluations to exclude vol-
unteers with evidence of any disease related to chronic inflam-
mation, oxidative stress, hydric unbalance, and changes in body
composition, nutrient absorption or metabolism. Other exclusion
criteria were drug or nutritional treatments that affect energy
balance, dietary intake, lipid profile, insulin levels, and glucose
metabolism; contraceptive use up to two months before partici-
pation in this study; and recent diets designed for weight loss or
unstable weight in the past six months. In accordance with the
principals of the Helsinki Declaration, each volunteer provided
written informed consent to participate after a clear explanation
of the study protocol. The study was approved by Committee of
Ethics in Research with Human Beings of the UFV, Minas Gerais
State, Brazil (Of. Ref. No. 009/2006).

PHASE IlI. DIET, ANTHROPOMETRIC, BODY
COMPOSITION AND BLOOD PRESSURE
ASSESSMENTS AND LIFESTYLE FACTORS

The caloric content (kcal), nutrients (total lipids [g], polyunsat-
urated fatty acids [PUFA] [g], monounsaturated fatty acids [MUFA]
[g], saturated fatty acids [SFA] [g], cholesterol [mg], total carbo-
hydrate [g], fibers [g], proteins [g], vitamin C [mg], niacin [mg],
retinol [Eq. retinol], riboflavin [mg], thiamine [mg], calcium [mg],
copper [mg], iron [mg], phosphorus [mg], magnesium [mg],
potassium [mg], sodium [mg], zinc [mg]), and ethanol (mL) of
the diets recorded by three food records (FRs) (non-consecutive
two typical days and one atypical day) were analyzed using the
DietPro? software, version 5.0.

Then, the diet quality was determined by calculating the fol-
lowing indexes: Diet Quality Index (DQI) (12), Healthy Eating Index
(HEI) (13,14), and an Alternative Mediterranean Diet Score (AMDS)
(15). The calculation of both indices was standardized, using the
average of three FRs (16-18), in portions recommended by the
Brazilian food pyramid (19).

Body weight was measured to the nearest 0.1 kg, using an elec-
tronic microdigital scale balance (Tanita TBF-300A model, Tokyo,
Japan). Height was measured with a stadiometer (Seca 206 model,
Hamburg, Germany) to the nearest 0.1 cm (20). From these meas-
urements, the body mass index (BMI) was calculated according
to the World Health Organization (WHO) (21). Thereafter, the BMI
was used to categorize volunteers’ underweight/normal weight
(BMI < 24.9 kg/m?) and overweight/obesity (BMI > 25 kg/m2).
The waist circumference (WC) was measured to the nearest
0.1 cm, using an inelastic and flexible tape (20,21). Finally, sys-
tolic arterial pressure (SAP) and diastolic arterial pressure (DAP)
were measured by a mercury sphygmomanometer (BIC, Sdo
Paulo, Brazil) to the nearest 2 mmHg, as described previously (22).

With regard to non-dietary covariates, questions about lifestyle
habits were made to collect lifestyle information such as smoking
(ves or no), and regularly practiced physical activity (PA) (yes or no).
Participants who practiced PA with weekly frequency of at least five
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days, lasting at least thirty minutes a day, at moderate intensity and
continuously or accumulated were considered to be active (23,24).

PHASE Ill. MEASUREMENT OF BIOCHEMICAL
DATA

Blood samples were drawn by vein puncture after a 12 h over-
night fast. The ethylene-diaminetetra-acetic-acid plasma and
serum samples were separated from whole blood by centrifuga-
tion at 2,465 g and 5 °C for 15 min (Eppendorf AG, 5804R model,
Hamburg, Germany) and were immediately stored at -80 °C until
the assay. Adiponectin (ug/mL) plasma concentrations were estab-
lished by using the enzyme linked immuno sorbent assay (ELISA)
technique, with posterior reading by the ELISA reader equipment,
using commercial specific kits. For each kit, ninety-six plates were
coated with human anti-adiponectin antibody diluted at 1:200
in PBS 1x, and incubated at room temperature. Then, they were
washed and blocked with PBS/casein 3% pH 7.2 solution. The
plates were incubated with the human plasma (adiponectin lab-
oratorial samples) for 2 hours in a humid chamber. Subsequently,
we added adiponectin-antibody with new incubation for 2 hours
in a humid chamber. The bound IgG was detected using anti-
mouse IgG conjugated with peroxidase (Human Adiponectin ELISA
kit EZHADP-61K, LINCO Research, USA) at 1:200 dilution. The
bound enzyme was detected by adding FASTTM OPD substrat-
um (Human Adiponectin ELISA kit EZHADP-61K, LINCO Research,
USA), and read at 450 nm. Positive samples were considered if
the limit of sensitivity was 0.78 ng/mL human adiponectin (20 pl
sample size), and appropriate range between 1.56 ng/mL and 100
ng/mL human adiponectin (20 pl sample size). We use standard-
ized units in mg/dL to express circulating adiponectin values (25).

STATISTICAL METHODS

The Shapiro-Wilk normality test was used to determine vari-
able distribution. Comparisons between groups were made by a
Wilcoxon-Mann-Whitney U test. Spearman correlation coefficients
were used to screen for statistical associations between adiponec-
tin concentrations (dependent variable) and interest variables.
A multiple regression model was used to identify predictors of
adiponectin using the technique of indirect elimination (backward)
for the selection of variables while including the “gender”, “smok-
ing” and “physical activity” qualitative variables as indicator vari-
ables. Multiple regression coefficients () were described using a
95% confidence interval (C). A p value < 0.05 was considered as
statistically significant. Statistical analyses were performed using
the SAS system 9.0 (26).

RESULTS

The general characteristics of volunteers are shown in table |,
In this study, 210 volunteers were recruited, and, among them,

A. C.P.Volp et al.

157 healthy subjects, aged between 18 and 35 years old, were
selected to participate. Regarding nutritional status, the total sam-
ple of volunteers consisted of 136 volunteers with underweight/
normal weight (86.62%), and 21 volunteers with overweight/
obesity (13.38%), according to the WHO classification (21).
WC was significantly higher for the overweight/obesity group
(p < 0.0001). There was no statistical difference with respect to
age (p = 0.1516), DAP (p = 0.1117) and adiponectin concen-
trations (p = 0.2028) between the underweight/normal weight
and overweight/obesity groups. SAP was significantly higher for
the overweight/obesity group (p = 0.0211). Adiponectin median
concentrations for the underweight/normal weight group and the
overweight/obesity group were 13.52 (10.15-19.09) and 11.51
(8.67-14.93) mg/dL, respectively.

When the sample was divided according to gender, the total
sample of volunteers consisted of 91 women (57.96%) and
66 men (42.04%), and women were older when compared
to men (p = 0.0309). On the other hand, men presented BMI
(p < 0.0016), WC (p = 0.0103), SAP (p < 0.0001) and DAP
(p = 0.0001) measures significantly higher than women. Women
had higher adiponectin concentrations than men (p < 0.0001).
The adiponectin median concentration for women and men were
15.81(11.94-21.53) and 10.81 (8.0-13.62) mg/dL, respectively.

In relation to dietary and non-dietary data, of the total sample
of volunteers, only 134 gave the FRs (85.35%) and 139 of them
provided the information about lifestyle habits (88.53%). When the
volunteers sample was targeted as nutritional status, classified
by BMI, overweight/obese volunteers showed a higher alcohol
intake compared to volunteers with underweight/normal weight (p
= 0.0329). Furthermore, subjects with low weight/normal weight
showed higher HEI values (p = 0.0361). In relation to other val-
ues of calories (0.2671) and nutrients indexes (DQl: p = 0.3729;
AMDS: p = 0.9653) there were no significant differences between
groups.

When the volunteers sample was divided according to gender
for the assessment of diet, men showed significantly higher
intakes of calories (p < 0.0001), fat (g) (p < 0.0001), MUFA (g)
(p = 0.0023), PUFA (g) (p < 0.0001), SFA (g) (p < 0.0001),
cholesterol (mg) (p = 0.0040), proteins (g) (p < 0.0001),
carbohydrates (g) (p < 0.0001), fibers (g) (p < 0.0001), ribo-
flavin (mg) (p < 0.0001), niacin (mg) (p < 0.0001), thiamine
(mg) (p < 0.0001), calcium (mg) (p = 0.0412), copper (mg)
(p < 0.0001), iron (mg) (p < 0.0001), sodium (mg) (p < 0.0001),
potassium (mg) (p < 0.0001), phosphorus (mg) (p < 0.0001),
magnesium (mg) (p < 0.0001), zinc (mg) (p < 0.0001) and
AMDS scores (p = 0.0190) when compared to women. On the
other hand, women had a significantly higher HEI than men
(p = 0.0116). For macronutrients in percentage rates MUFA: SFA
(p = 0.5493), PUFA: SFA (p = 0.4664), DQI (p = 0.7903) and
ethanol (ml) (p = 0.0339), retinol (Eq. retinol) (p = 0.6518)
and vitamin C (mg) (p = 0.4556), there were no significant
differences between genders.

With regard to non-dietary covariates, 20 volunteers were smokers
(14.39%) and 119 were non-smokers (85.61%). Also, 100 volun-
teers regularly practiced PA (71.94%) and 39 did not practice PA

[Nutr Hosp 2016;33(3):580-587]
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Mean £ SD Cl Median 1Q p

Age (years) 23.3+35 18-35 23 21-25 < 0.0001
BMI (kg/m?) 22.08 +2.99 16.7-34.9 21,5 20.3-23.3 < 0.0001
WC (cm) 78.0 + 8.51 60.0-100.0 77.0 71.5-83.0 < 0.0001
SAP (mmHg) 10.94 +0.93 9-14 11 10-12 < 0.0001
DAP (mmHg) 7.33 + 0.66 6-9 7 7-8 < 0.0001
Adiponectin (ug/mL) 14.71 £ 6.89 1.59-46.74 13.47 10.0-18.81 < 0.0001
Calories (kcal)* 2,728 + 751 1,378-5,583 2,610 2,132-3,217 0.0029
Lipids (g)* 97.53 + 30.65 43.01-206.55 93.4 74.30-113.36 0.0006
MUFA (g)* 17.07 + 9.46 2.88-68.65 14.45 10.95-21.61 < 0.0001
PUFA () 14.47 + 8.62 2.48-67.11 12.64 8.22-18.52 <0.0001
SFA (g)* 22.73 +9.52 3.78-58.41 21.12 16.18-28.68 0.0002
MUFA: SFA* 0.76 £ 0.25 0.26-1.62 0.77 0.60-0.94 0.1853
PUFA: SFA* 0.69 + 0.38 0.14-2.22 0.61 0.41-0.92 < 0.0001
Cholesterol (mg)* 222.51 +95.16 19.80-472.60 21415 149.16-285.91 0.0173
Proteins (g)* 102.61 + 33.96 38.80-275.05 99.94 76.46-124.32 < 0.0001
Carbohydrates (g)* 354.7 +£107.5 176.5-693.8 333.06 276.8-412.4 < 0.0001
Fibers (g)* 26.28 + 14.83 3.44-83.03 22.99 15.95-33.03 < 0.0001
Alcohol (mL)* 11.97 + 24.71 0.0-117.0 0.0 0.0-10.39 < 0.0001
Retinol (Eq.)* 890.9 + 505.3 60.06-2,170.5 798.8 517.4-1,218.4 0.0002
Riboflavin (mg)* 1.58 + 0.60 0.49-3.54 1.53 1.17-1.95 0.0026
Niacin (mg)* 18.92 + 9.84 3.16-76.26 16.25 12.98-23.56 < 0.0001
Tiamin (mg)* 1.87 +0.83 0.57-5.60 1.75 1.28-2.33 < 0.0001
Vitamin C (mg)* 118.86 + 74.99 20.94-397.37 1,000.12 65.49-147.83 < 0.0001
Calcium (mg)* 756.4 £ 311.0 159.5-1,763.2 733.1 513.3-929.0 0.0002
Cupper (mg)* 1.22 +0.63 0.34-3.52 1.05 0.82-1.44 < 0.0001
Iron (mg)* 15.98 + 7.62 3.71-46.46 14.57 10.95-20.01 < 0.0001
Sodium (mg)* 2,952 + 1,297 1,007-10,924 2,750 2,020-3,573 < 0.0001
Potassium (mg)* 2,886 + 1,222 853-7,797 2,657 2,113-3,533 < 0.0001
Phosphorus (mg)* 1,061.9 + 426.2 266.5-2,539.1 992.17 747.7-1,289.2 < 0.0001
Magnesium (mg)* 2446 +109.6 75.52-660.29 220.46 170.1-297.7 < 0.0001
Zinc (mg)* 8.33 + 3.54 2.03-18.59 7.97 5.59-9.99 0.0008
DA 7,06 1,75 3,0-12,0 7,0 6,0-8,0 0.0014

HEI* 75,82+7,25 50,72-96,28 75,23 71,62-80,01 0.0557
AMDS* 2,93 +1,20 1,0-6,0 3,0 2,0-4,0 < 0.0001

*For n = 134. SD: Standard deviation;, Cl: Confidence interval; 1Q: Interquartile range (Q1-Q3); AMDS: Alternative Mediterranean diet score; BMI: Body mass index;
DAP: Diastolic arterial pressure; DQI: Diet quality index; HEI: Healthy eating index; MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids, SAP: Systolic
arterial pressure; SFA: Saturated fatty acids; WC: Waist circumference. Test of normality: Shapiro-Wilk, p < 0.05.

regularly (28.06%). When lifestyle characteristics were compared
between underweight/normal weight and overweight/obesity
groups, there were no significant differences between smokers
and non-smokers (p = 0.6358), but there was a significant dif-

[Nutr Hosp 2016;33(3):580-587]

ference between those who practiced PA and those who did not.
Volunteers with underweight/normal weight were more active than
volunteers with overweight/obesity (p = 0.0233). In addition, there
were no significant differences regarding tabagism between gen-
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ders (p = 0.8757), but there was a significant difference between
volunteers who practiced PA and volunteers who did not practice PA:
women were more active than men (p = 0.0001). In other words, in
this study, women with underweight/normal weight were more active.

CORRELATIONS BETWEEN ADIPONECTIN
CONCENTRATIONS AND THE GENERAL
AND DIETARY DATA OF VOLUNTEERS

There was a direct and significant correlation between age
and adiponectin concentrations (r = 0.16728, p = 0.0363);
and an indirect and significant correlation between adiponectin
concentrations and BMI (r = -0.17810, p = 0.0256) and WC
(r=-0.21199, p = 0.0077).

Bivariate correlations between data plasma concentrations of
adiponectin and the intake of calories, nutrients, as well as indexes
calculated from these (MUFA: SFA, PUFA: SFA, DQI, HEl and AMDS),
there was a direct and significant association between adiponec-
tin concentrations with HEl (r = 0.20074, p = 0.0200); and an
indirect and significant association with calories (r = -0.20051,
p = 0.0202), lipids (g) (r = -0.19054, p = 0.0274), pro-
teins () (r = -0.23675, p = 0.0059), fibers (g) (r = -0.24047,
p = 0.0051), riboflavin (mg) (r = -0.23970, p = 0.0053), thiamine
(mg) (r = -0.29404, p = 0.0006), copper (mg) (r = -0.21850,
p =0.0112), iron (mg) (r = -0.25307, p = 0.0032), sodium (mg)
(r=-0.24384, p = 0.0045), potassium (mg) (r = -0.23547,
p = 0.0062), phosphorus (mg) (r = -0.18457, p = 0.0328) and
magnesium (mg) (r = -0.18156, p = 0.0358). A tendency to dir-
ect association was seen between plasma concentrations of adi-
ponectin and MUFA: SFA (r = 0.16310, p = 0.0597); and a ten-
dency to indirect association with carbohydrates (g) (r = -0.14713,
p = 0.0898) and niacin (mg) (r = -0.14836, p = 0.0871). For
MUFA (g) (r = -0.02322, p = 0.7900), PUFA (g) (r = -0.09727,
p = 0.2635), SFA (g) (r = -013322, p = 0.1249), PUFA: SFAs
(r =0.02991, p = 0.7315), cholesterol (mg) (r = -0.04112,
p = 0.6371), alcohol (ml) (r = 0.08081, p = 0.3533), retinol (Eq.
retinol) (r = 0.09346, p = 0.2828), vitamin C (mg) (r = 0.14085,
p = 0.1045), calcium (mg) (r = -0.08020, p = 0.3570), zinc (mg)
(r=-0.13677,p =0.1151), DAl (r = -0.05500, p = 0.5279) and
AMDS (r = 0.08081, p = 0.3533) variables, there were no signifi-
cant correlations.

PREDICTIVE FACTORS OF ADIPONECTIN
CONCENTRATIONS

Based on the relationship between food intake and lifestyle
data with adiponectin concentrations, multiple linear regression
analyses were performed to evaluate the possible predictors of
adiponectin concentrations (dependent variable).

A general model explaining the variations (9.28%) of adiponec-
tin concentrations might be defined by the following regression
equation: adiponectin = 18.22 - 0.08™ fibers + 0.002* retinol
- 2.48~ riboflavin (Table II. Model 1. Figs. 1 and 2). Regarding
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indices that assess diet quality (DQI, HEI and AMDS), there was
no significant effect on concentrations of adiponectin.

When inserted into the model of dietary data, the “gender”,
“smoking” and “physical activity” qualitative variables as indicator
variables, there was no significant effect of smoking. For this group,
the model suffered interaction of gender, and explained 24.0% of
the variations of the adiponectin concentrations, and could be
defined by the following regression equations: adiponectin = 14.11
+ 0.06™ alcohol + 0.01* carbohydrates - 0.005* phosphorus +
0.49* zinc, for female volunteers; and adiponectin = 6.68 + 0.06*
alcohol + 0.01* carbohydrates - 0.005* phosphorus + 0.49* zinc,
for male volunteers (Table Il. Model 2. Fig. 3). Since the model has
undergone interaction of PA explained 12.75% of the variations of
the adiponectin concentrations, and could be defined by the fol-
lowing regression equations: adiponectin = 14.44 + 0,06™ alcohol
- 0.003* phosphorus + 0.002* retinol, for volunteers who do not
practice PA regularly; and adiponectin = 18.15 + 0.06™ alcohol -
0.003* phosphorus + 0.002* retinol, for volunteers who practice
PA reqularly (Table Il. Model 3. Fig. 3). As there were no significant

Table Il. Multiple linear regression
models to possible predict adiponectin
concentrations (n =157)

Coefficient § + SD p

Intercept 18.22 +1.72 < 0.0001
Fibers (g) -0.08 + 0.04 0.0429
Retinol (Eq. retinol) 0.002 = 0.001 0.0180
Riboflavin (mg) -248 +1.13 0.0306

Model 1: °=0.0928, p = 0.0013. SD: Standard deviation. Mode! adjusted
for the variable “age”.

Coefficient § + SD p

Intercept 1411 £2.04 < 0.0001

Gender (indicator variable) -7.43 +1.30 < 0.0001
Alcohol (g) 0.06 +0.02 0.0069
Carbohydrates (g) 0.01 £ 0.006 0.0406
Phosphorus (mg)* -0.005 = 0.002 0.0134
Zinc (mg) 0.49 +0.24 0.0494

Model 2: r? = 0.2400, p < 0.0001. SD: Standard deviation. Mode! adjusted
for the variables “age”, “gender”, “smoking” and “physical activity”, which
suffers from the interaction of gender.

Coefficient § = SD p
Intercept 14.44 +1.75 < 0.0001
PA (indicator variable) 3.71+1.27 0.0043
Alcohol (g) 0.06 +0.02 0.0090
Phosphorus (mg)* -0.003 = 0.001 0.0136
Retinol (Eg. retinol) 0.002 + 0.001 0.0479

Model 3: 7= 0.1275, p = 0.0003. PA: Physical activity; SD: Standard
deviation. Model adjusted for the variables “age”, “gender”, “smoking” and
“physical activity”, which suffers from the interaction of PA.
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Association between fibers and adiponectin concentrations (n = 157).
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Association between riboflavin and adiponectin concentrations (n = 157).
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Associations between phosphorus and adiponectin concentrations (n = 157).

differences in adiponectin concentrations between groups classified
by BMI, all models were adjusted for age.

DISCUSSION

In this study, women were older and had higher adiponectin
concentrations, when compared to men. Still, there was a direct
and significant correlation between age and adiponectin concen-
trations. For this study, our objective was to evaluate young healthy
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adults aged between 18 and 35 years. Despite this small range of
age, our results had significant statistical differences. Interestingly,
the literature describes that adiponectin concentrations increase
with age (27), possibly as a form of protection from chronic dis-
eases. Regarding the differences between genders, in fact, adi-
ponectin concentrations in humans are sexually dimorphic, with
higher concentrations observed in women compared with men.
This appears to be due to a selective increase in the high molecu-
lar weight oligomer, a larger form of the hormone (28). These
differences develop during puberty and are a result of inhibition
of adiponectin production by androgens (29).

Men still presented BMI, WC, SAP and DAP measures signifi-
cantly higher than women. On the other hand, women were more
active than men. Still, although there is an indirect and significant
correlation between adiponectin concentrations with BMI and WC,
the adiponectin concentrations between groups with underweight/
normal weight and overweight/obesity did not differ statistically,
corroborating data presented in the literature (4,30,31). In fact,
the corporal composition and the PA cold influences adiponectin
concentration. According to these results, some aspects should
be considered. First, the absence of statistic difference in rela-
tion to adiponectin concentrations among groups classified by the
nutritional state was verified. The adiponectin expression is acti-
vated during adipogenesis; So, one can consider it as a negative
feedback concerning the production during fat development (4).
Thus, although adiponectin is produced only by adipose tissue,
its levels are nearly lower in obese persons compared to thin
persons (4). Further, adiponectin plasma concentrations decrease
by obesity rate (4), stating the results herein. Second, the literature
describes that PA effects on adiponectin concentration appear to
be more related to the amount of weight lost independently of the
method used (11). Still, the increase in adiponectin concentrations
following weight loss are strongly and negatively correlated with
changes in body weight, BMI and fat mass (11,32-34). Third,
adiponectin exerts its vasculo-protective effects through its direct
actions in the vascular system, such as increasing endothelial
nitric oxide production, inhibiting endothelial cell activation and
endothelium-leucocyte interaction, enhancing phagocytosis,
and suppressing macrophage activation, macrophage-to-foam
cell transformation and platelet aggregation (35), which helps in
improving blood pressure. Thus, although our volunteers followed
isocaloric diets under free-living context (weight maintenance), we
believe that these differences between groups are more expres-
sive due to differences in body composition.

Regarding dietary data, there was a direct association with HEI
and an indirect association with calories, lipids (g), protein (g),
fiber (g), riboflavin (mg), thiamine (mg), copper (mg), iron (mg),
potassium (mg), sodium (mg), phosphorus (mg) and magne-
sium (mg), and when the multiple linear regression analysis was
performed to assess the possible predictors concentrations of
adiponectin, fibers (g), retinol (Eq. retinol) and riboflavin (mg)
explained 9.28% of adiponectin concentrations within a general
model. However, two best models were able to explain the vari-
ations of the adiponectin concentrations, when they had set for

"o

the “age”, “gender”, “smoking” and “physical activity” variables.
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A first model included alcohol (mL), carbohydrates (g), phosphor-
us (mg) and zinc (mg) as possible predictors of adiponectin con-
centrations, and suffered gender interaction (24%). And a second
model included alcohol (ml), phosphorus (mg) and retinol (Eq.) as
potential predictors of adiponectin (12.75%) and suffered inter-
action of PA.

Other studies have described associations between dietary
patterns (or indices that assess diet quality) with adiponectin
(7-9), but this is the first time that a correlation is found between
adiponectin and HEI in apparently healthy young Brazilian adults.
In fact, it has been described an inverse association between the
scores of HEl and levels of proinflammatory cytokines (8), but after
adjustment for age, energy, alcohol intake, smoking, PA and BMI
values were no longer significant.

Our results are consistent with these ones, because after mul-
tiple linear regression with the indices evaluated in the present
study, specifically the values of the HEI, left to join the concen-
trations of adiponectin, so, also failed to be significant, an effect
possibly explained by a best predictor of the conglomerate of
these other variables included in this study. Not only but also, it
is reported that this lack of association between the scores of the
HEI and the concentrations of inflammatory biomarkers could be
explained by the non-specificity of fat and quality of carbohydrate,
the emphasis on a low intake of total fat and a wide inclusion
this index of many foods (8). The HEl is based in The Food Guide
Pyramid (36), which gives more points to a diet low in all kinds
of fat, including polyunsaturated and monounsaturated fats. Still,
the HEI also allows individuals to score high if their diets contain
high intake of refined grains. Finally, the criterion to score also
includes sodium intake and diet variety, and although this may be
the representation of a healthy diet, these components are not
specific to predict inflammation (8).

Not only the nutrient amount but also its quality can be con-
sidered. For example, the consumption of monounsaturated and
polyunsaturated fatty acids (eicosapetaenoic and docosahex-
aenoic acids) has a good correlation with the adiponectin; on
the other hand, saturated and trans fat acids have a negative
correlation. They are involved in the regulation of peroxisome pro-
liferator-activated receptors, which are ligand-activated nuclear
receptors involved in the regulation of lipids and carbohydrates
metabolism and adipogenesis (37). Regarding carbohydrates, it
has been shown, in a cross-sectional study, that a diet with a high
glycemic load was significantly related to lower adiponectin con-
centrations (38). Indeed, dietary patterns characterized by diets
with low glicemic index and glicemic load are characterized by
their high fiber content. In this study, fibers were able to predict
the concentrations of adiponectin in isocaloric (43.14 kcal/kg/day)
and isoglycidic (51% of calories) diets under free-living context.
It seems that not only caloric intake, distribution of macronutri-
ents, and the amount of vitamins, minerals and non-nutrients
with antioxidant effects ingested represent an effect in modulating
plasma adiponectin, but the effect of a specific dietary pattern of
the population (39-41), associated to the anthropometric factors,
corporal composition and lifestyle of this population under study
would determine such concentration. It is noteworthy that such

A. C.P.Volp et al.

a standard is not picked up by the HEI possibly due to its high
specificity.

Our study had certain limitations. First, since the nature of this
study is cross-sectional, we cannot prove that the reported asso-
ciations are causal, although we controlled for several potential
covariates. Second, we used the 3-day record capture from the
information concerning dietary intake. Although food frequency
questionnaires have greater reliability in representing the usual
diet, there is no one that faithfully represents the mixed-race diet
of our sample. This dietary questionnaire has been successfully
used to assess the relationship of dietary nutrients values from
habitual diet with biomarkers (42). Finally, although the sample
size is adequate from the stand point of an initial association
discovery, further replication in independent and larger samples
would be convenient for a future translational application at a
population level (43).

In short, in this study the adiponectin concentrations were sig-
nificantly higher for women compared to men and correlated with
age and indirect measures of adiposity (BMI, WC). Regarding diet,
despite the adiponectin concentrations have been associated with
HEI, calories, lipid (g), protein (g), fiber (g), riboflavin (mg), thiamine
(mg), copper (mg), iron (mg), potassium (mg), sodium (mg), phos-
phorus (mg) and magnesium (mg), the predictors of adiponectin
concentrations were carbohydrates (fibers) (g), riboflavin (mg) and
phosphorus (mg).

CONCLUSION

This study showed the associations between diet (nutrients) and
adiponectin concentrations, and the lifestyle factors interactions.
Our results support the hypothesis that dietary and lifestyle factors
may modulate adiponectin concentrations.
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Vaspin association with insulin resistance is related to physical activity and body fat in
Brazilian adolescents - A cross-sectional study

La asociacion de la vaspina con la resistencia a la insulina esta relacionada con la actividad fisica y
la grasa corporal en adolescentes brasilenos. Un estudio transversal
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Abstract

Background: Vaspin is a newly-identified adipocytokine associated with insulin resistance (IR).

Objective: The aim of this study was to investigate the correlation between plasma vaspin concentrations and IR and determine whether this
association is affected by body composition, physical activity and pubertal stage in adolescents.

Methods: Were studied 484 Brazilian adolescents aged 10—14 years whose anthropometric, clinical, biochemical, and lifestyle measurements
were analized. We evaluated the correlation between vaspin and risk factors for IR in adolescents with normal and high body fat percentage (%BF)
and did a logistic regression to calculate the odds ratio for IR according to vaspin quartiles sex specific for the sample.

Results: Vaspin was positively correlated with IR in adolescents with high %BF (r= 0.23, p = 0.003). The logistic regression analysis adjusted
for sex, age, BMI, and pubertal stage showed that adolescents in the 2" (OR = 0.43, 95% CI = 0.23-0.80, p = 0.008) and 3" (OR = 0.46, 95%
Cl = 0.25-0.85, p = 0.014) quartile of vaspin concentration had a lower risk for IR. When the model was adjusted for %BF and physical activity,
the association remained statically significant only for adolescents in the 2" quartile.

Conclusion: Vaspin was correlated positively with risk factors associated with insulin metabolism in adolescents with high %BF. Vaspin was
associated with a reduced risk of IR independently of BMI and pubertal stage and the association was influenced by body fat and physical activity
in these adolescents.

Resumen

Introduccion: la vaspina es una adipocitoquina recientemente identificada que confiere resistencia a la insulina (IR).

Objetivo: el objetivo de este estudio fue investigar la correlacion entre las concentraciones plasmaticas de vaspina y la IR para determinar si
esta asociacion se ve afectada por la composicion corporal, la actividad fisica y la etapa de la pubertad en los adolescentes.

Métodos: fueron analizados las medidas antropométricas, clinicas, bioquimicas y el estilo de vida de 484 adolescentes brasilefios de entre 10
y 14 afios. Se evaluo la correlacion entre los factores de riesgo para vaspina e IR en los adolescentes con porcentaje de grasa corporal normal
y alto (%CG) e hicimos una regresion logistica para calcular el cociente de probabilidad del IR de acuerdo con los cuartiles de vaspina para la
muestra, con respecto al sexo.

Resultados: la vaspina se correlacion6 positivamente con IR en adolescentes con alto %CG (r = 0,23; p = 0,003). El andlisis de regresion logistica
ajustada por sexo, edad, indice de masa corporal y etapa puberal mostré que los adolescentes en el segundo (OR = 0,43; IC del 95% = desde
0,23 hasta 0,80, p = 0,008) y tercer (OR = 0,46; IC del 95% = 0,25-0,85, p = 0,014) cuartil de concentracion de vaspina tenian un menor
riesgo de IR. Cuando el modelo se ajustd para %GC y actividad fisica, la asociacion sigui¢ siendo estadisticamente significativa solo para los
adolescentes en el segundo cuartil.

Conclusion: la vaspina se correlaciond positivamente con los factores de riesgo asociados con el metabolismo de la insulina en los adolescentes
con alto %GC. Asimismo, se asocio con un menor riesgo de IR independientemente del indice de masa corporal y de etapa de la pubertad, y la
asociacion estuvo influenciada por la grasa corporal y la actividad fisica en estos adolescentes.
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ADOLESCENTS - A CROSS-SECTIONAL STUDY

INTRODUCTION

Insulin resistance (IR) is characterized by the reduced ability of
plasma insulin to promote peripheral cell glucose uptake and has
been identified as a public health problem, especially in youth
population (1,2). It is well established that IR is present in obese
and also in non-obese patients, and thus obese children and ado-
lescents may not be insulin sensitive (3). Several cytokines secre-
ted by the adipose tissue that may be involved in the modulation
of insulin metabolism, can influence the risk of insulin resistance
and have been studied to understand the association between
increased adiposity and IR (4,5).

Vaspin is an adipokine originally isolated from visceral white
adipose tissue of Otsuka Long-Evans Tokushima Fatty (OLETF)
rats, a model for abdominal obesity and type 2 diabetes mellitus
(T2D), which may play a role on insulin sensitivity (6). Vaspin is a
serpin (serine protease inhibitor) that may inhibit proteases that
degrade hypoglycemic molecules and anorexigenic factors. Thus,
besides being associated with improved blood glucose, vaspin
is also associated with lower food intake (7,8). Recently, Kempf
et al. (9) observed in the MONICA/KORA study an association
between the AA genotype and increased risk of T2D independ-
ently of obesity, and they have suggested that the vaspin gene
may be responsible for impaired glucose metabolism. Hida et
al. (6) detected high vaspin expression in visceral adipose tissue
of obese OLETF rats, but vaspin concentrations and expression
were reduced after the animals developed T2D. Nevertheless,
vaspin concentrations and expression were normalized after rats
were treated with insulin and hypoglycemic drugs. Treatment with
recombinant vaspin improved glucose tolerance and insulin sensi-
tivity, it altered the expression of genes involved in IR, and acutely
reduced food intake (6,10). However, the mechanisms whereby
vaspin may act on insulin sensitivity are not fully understood.

Despite the growing number of studies in this area, studies on
humans, especially adolescents, are still lacking. Korner et al. (11)
observed an inverse association between vaspin and insulin
resistance in a case-control study with children and adolescents.
In addition, the authors found reduced vaspin concentrations in
obese adolescents with IR in an oral glucose load test. Lee et
al. (12) reported that a seven-day intensive short-term lifestyle
modification including physical activity significantly decreased
vaspin levels by 39.3% and improved insulin resistance in over-
weight and obese adolescents. Adolescence is characterized by
significant changes in body composition with pubertal stage, espe-
cially body fat percentage (%BF) (13), which may affect vaspin
secretion and function. Moreover, physical activity can alter body
composition and may also affect vaspin secretion and function.
Physical activity has been favorably associated with cardiometa-
bolic risk factors and the risk of developing metabolic syndrome in
young adults (14), but the mechanisms by which physical activity
acts on these risk factors are not yet fully understood, and avail-
able data show that improvement in insulin sensitivity is not fully
explained by physical activity (15,16). Because adipose tissue and
physical activity may both affect vaspin secretion affecting insulin
sensitivity, the objective of the present study was to investigate
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the association between vaspin concentrations and cardiovascular
risk factors in adolescents with normal and high body fat per-
centage. Furthermore, we also examined the association between
vaspin and insulin resistance and the influence of %BF, physical
activity and pubertal stage on this association.

METHODS

STUDY POPULATION

This study evaluated data from 484 adolescents (235 boys
and 249 girls) aged 10-14 years old (12 + 1.4 years) who
were enrolled in a 2006 cross-sectional population based study
in urban area schools in the city of Ouro Preto (17). However
54 samples were not enough to determine vaspin concentration
and 180 adolescents did not complete the protocol of physical
activity. Informed consent was obtained from all individual par-
ticipants or responsible for the adolescents included in the study.

VARIABLES MEASURED AND CUT-OFF POINTS

Body weight was measured on calibrated scales (TANITA®
BF-542, Tanita Corporation of America, Arlington Heights, IL,
USA) with 136 kg maximum capacity and accuracy to 0.2 kg.
Adolescents were wearing light clothing, had an empty bladder,
and were fasting for 12 hours. The height was evaluated using
a WCS® portable stadiometer (Cardiomed, Curitiba, Brazil). The
body mass index (BMI) was calculated as weight/height squared
(kg/m?). The waist circumference (WC) was measured at the
midpoint between the last rib and the iliac crest, at expiration
with the individual standing in the upright position (18). %BF
was considered as an indicator of body composition and was
estimated from measured tetrapolar bioelectrical impedance
(BIA-T, Quantum II, RJL System). The cut-off values for high
%BF recommended by William et al. (19) (> 30% for girls and
> 25% for boys) were adopted to categorize the subjects for
comparison with other studies. The systolic and diastolic blood
pressure were performed using an OMRON 795CP oscillometric
device (Omron Healthcare, Kyoto, Japan) with the subject seated
with the left arm at heart level. The extraction of blood samples
was performed after 12 hours of fasting by trained pharma-
ceutical and serum were stored at -80 °C until analysis. The
biochemical measurements were performed on stored serum
and plasma: total cholesterol and fractions (HDL-c and LDL-c),
triacylglycerols, glucose, fasting insulin and vaspin. Vaspin was
determined at once in all samples after two years of storage
without apparent defrost. According to the manufacturer, the
kit is specific for the measurement of natural and recombinant
human vaspin and reflects its actual concentration. The rest of
analyses were done at once within six months from collection.

Vaspin concentration was measured using commercial kits for
human diagnostic (AdipoGen®, Seoul, Korea) by enzyme linked
immunosorbent assay (ELISA). Due to the lack of vaspin cut-off
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values, the population was categorized into sex-specific vaspin
concentration quartiles. Insulin was measured by a chemilumines-
cence immunoassay using a commercial insulin kit and an ADVIA
Centaur® analyzer (Siemens Medical Solutions Diagnostics, New
York, USA). Insulin resistance was estimated using the homeo-
stasis model of insulin resistance (HOMA-IR) (20) and considered
as high when it was higher than > 3.16, as proposed by Keskin
et al. (21) Fasting glucose, triacylglycerols, total cholesterol, and
HDL-c were analyzed using an enzymatic colorimetric assay with
commercial kits (In Vitro Diagnostics, ltabira, Minas Gerais, Brazil).

Physical activity was assessed based on the Center for Disease
Control and Prevention recommendations, which characterize as
physically inactive individuals who practice less than 300 min
of physical activity per week (22). The stage of sexual maturation
was self-reported using Tanner stage ratings (23) to determine
the stages for pubic hair, breasts, and genitalia development.
The students were classified as prepubertal (Tanner stage PH1),
pubertal (Tanner stage PH2-PH3), and post-pubertal (Tanner stage
PH4-PH5).

STATISTICAL ANALYSES

As the vaspin concentration is related to body fatness, the
clinical and bhiochemical characteristics of the adolescents are
presented for all participants and also after categorization accord-
ing to %BF. The Shapiro-Wilk test was performed to assess the
assumption of normality distribution of all investigated variables.
Because none of the variables followed a Gaussian distribution,
including vaspin concentration, we used non-parametric tests.
The Mann-Whitney U test and the Pearson’s Chi-square (x?)
test were used to compare continuous and categorical risk vari-
ables between %BF groups. The adolescents were categorized
according to sex specific vaspin concentration quartiles. Logistic
regression models were designed to determine the odds ratio (OR)
for high HOMA-IR (> 3.16) in the different vaspin concentration
quartiles, using the 4" quartile as reference, and adjusted for
the confounding variables: sex, age, BMI, %BF, pubertal stage,
and physical activity. Significant level was set at p < 0.05 in all
analyses. Analyses were performed using STATA 9.0 (Statistical
Software for Professionals) software (Stata Corporation, College
Station, USA).

RESULTS

CLINICAL, BIOCHEMICAL AND LIFESTYLE
VARIABLES

Selected characteristics of adolescents for the total popula-
tion and according to %BF are shown in table I. As expected, BMI
and WC were higher in adolescents with high %BF (p < 0.05).
Similarly, cholesterol and LDL-C levels were also higher in the
high %BF group (p < 0.05). There were no significant differences
in vaspin, glucose, insulin, and HOMA-IR concentrations, as well
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as in pubertal stages and physical activity level between the high
and low %BF groups.

VASPIN AND RISK FACTORS

The Spearman correlation showed an association between
vaspin and age (= 0.10, p = 0.03), insulin (r = 0.8, p < 0.001),
and HOMA-IR (r=0.16, p = 0.002) in all adolescents (Table Il). In
the high %BF group, we found associations between vaspin and
BMI (r=0.17, p = 0.018), triacylglycerols (r = 0.18, p = 0.014),
insulin (r = 0.25, p = 0.001), and HOMA-IR (r = 0.23, p = 0.003).
We found no association between vaspin and the other variables
analyzed.

VASPIN AND INSULIN RESISTANCE

Based on the association between vaspin and IR, we designed
logistic regression models to assess the risk for developing IR in
adolescents according to vaspin concentration quartiles. Adoles-
cents in the 2" (OR = 0.48, [95% Cl = 0.27-0.88], p = 0.017)
and 3 (OR = 0.48, [95% Cl = 0.26-0.87], p = 0.015) vaspin
quartiles had a lower risk for developing IR compared to those in
the 4" quartile (Table Ill).

In addition, when we adjusted the model for BMI (model A) and
pubertal stage (model B), the association remained significant,
indicating that the relationship between vaspin and the risk for
IR is independent of BMI and pubertal stage. However, when we
included physical activity in the model, the risk for IR changed and
the association was no longer significant for adolescents in the 3"
vaspin quartile (OR = 0.57, [95% Cl = 0.30-1.08], p = 0.083).
A similar result was observed when we adjusted the model for
%BF only, indicating that physical activity and %BF affect the
association between vaspin concentration and IR in adolescents.

DISCUSSION

In the present study, we observed no differences in plasma
vaspin concentrations among adolescents with normal and high
%BF. The few studies with adolescents were done with obese
subjects who were classified according to BMI, which compli-
cates the comparison of our results with available data. We found
no correlation between vaspin and BMI in the total sample of
adolescents, unlike some studies conducted with adults (24-26).
However, other studies with children, adolescents and adults also
found no correlation between vaspin and BMI (11,27,28). On the
other hand, we found a positive correlation between vaspin and
%BF, indicating that this adipokine has a positive relationship with
adiposity. Chang et al. (28) used computed tomography to evalu-
ate the area of visceral adipose tissue in adults and observed a
positive association between vaspin and adiposity, but no associ-
ation between vaspin and BMI in individuals with reduced insulin
sensitivity. These results suggest that using body fat measure-
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Table I. Clinical and biochemical characteristics of the adolescents and according to body
fat percentage

Total (n=484) | Normal %BF (n = 267) | High %BF (n = 217)
Median 1QR? D value
Age (vears) n = 484 12.0 (11.0-13.0) 13.0 (11.0-14.0) 12.0 (11.0-13.0) <0.001¢
BMI (kg/m?) n = 484 18.19 (16.67-20.47) 17.84 (16.50-19.31) 18.82 (16.99-22.83) <0.001
WC (cm) n = 480 64.0 (60.0-69.50) 63.5 (60.0-67.0) 65.0 (61.0-74.0) <0.001
SBP (mmHg) n = 473 104.3 (96.0-111.5) 103.0 (95.3-110.7) 106.0 (98.0-113.0) 0.017
DBP (mmHg) n = 473 64.0 (58.8-69.7) 64.0 (58.0-70.0) 64.0 (59.0-69.0) 0.511
%BF n = 453 15.60 (6.50-23.60) 13.55 (5.80-21.90) 18.80 (7.90-28.40) < 0.001
Cholesterol (mg/d)) n = 479 157.0 (137.5-180.0) 152.0 (131.0- 173.7) 164.0 (140.5-187.0) <0.001
HDL-c (mg/dl) n = 479 56.7 (47.1-67.0) 57.0 (48.0-66.2) 55.8 (46.3-67.7) 0.884
LDL-c (mg/dl) n = 478 84.66 (66.30-103.27) 80.38 (62.79-98.05) 91.49 (70.31-110.31) < 0.001
Triacylglycerols (mg/dl) n = 479 67.60 (51.25-89.70) 64.37 (52.25-84.38) 70.73 (50.62-96.10) 0.156
Glucose (mg/dl) n = 478 83.50 (78.46-89.80) 83.55(78.77-89.25) 83.46 (78.13-89.89) 0.513
Insulin (uUl/ml) n = 403 6.92 (4.89-10.43) 6.90 (4.96-9.97) 6.98 (4.72-10.63) 0.116
HOMA-IR n = 402 1.39(0.99-2.17) 1.36 (1.04-2.05) 1.40 (0.95-2.18) 0.097
Vaspin (ug/ml) n = 430 0.55(0.28-1.14) 0.65 (0.31-1.45) 0.48 (0.25-0.95) 0.201
n (%) p value®
Boys 235 (48.60) 105 (44.7) 130 (55.3) < 0.001
Girls 249 (51.40) 162 (65.1) 87 (34.9)
Physical activity (n = 304) 0.890
Physically active 102 (33.55) 55 (53.9) 47 (46.1)
Physically inactive 202 (66.45) 144 (71.3) 58 (28.7)
Pubertal stage (n = 480) 0.480
Pre-pubertal 224 (46.67) 122 (54.5) 102 (45.5)
Pubertal 138 (28.75) 74 (53.6) 64 (46.4)
Pos-pubertal 118 (24.58) 70 (59.3) 48 (40.7)

%BF: Body fat percentage, BMI: Body mass index; DBP: Diastolic blood pressure; HDL-c: High-density lipoprotein, HOMA-IR: Homeostasis model assessment of
insulin resistance, LDL-c: Low density lipoprotein; SBP: Systolic blood pressure; WC: Waist circumference. ¢Data are given as median and interquartile range for
non-parametric variables. Statistical significance was determined by U Man Whitney. °For %BF, statistical significance was determined by Chi- square test. Number of

subjects varies according to the data availability.

ments instead of BMI is more suitable for evaluating the role of
adipokines in obesity and its associated changes.

We observed a positive correlation between vaspin and insulin,
HOMA-IR, BMI, and triacylglycerols in adolescents with high %BF.
Suleymanoglu et al. (29) also found a positive correlation between
vaspin concentrations and the same variables above in obese
adolescents, but not in normal ones. We believe that high plasma
vaspin concentrations may be an early compensatory response to
increased IR with increasing %BF. Li et al. (30) conducted a clin-
ical trial examining short-term continuous subcutaneous insulin
infusion and observed a reduction in plasma vaspin in patients
with T2D concomitant with reduction in insulin resistance.

The changes in body composition, especially fat distribution,
that occur during adolescence render this period critical in initi-
ating or aggravating obesity, because this stage of development
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is also associated with changes in dietary pattern such as great-
er intake of high-calorie foods and decreased physical activity
(31,32).

The results of the multiple logistic regression analyses showed
that the risk for developing IR was approximately 52% lower for
individuals in the 2" and 3" quartiles compared to those in the
4" quartile. Moreover, adjustment for sex, age, BMI, and pubertal
stage did not affect this association (Table Ill, models A and B).
However, when we adjusted the model for physical activity or
%BF instead of BMI (Table I, models C and D), the association
was no longer significant for individuals in the 3" quartile, but still
significant for those in the 2" quartile, suggesting a non-linear
relationship between vaspin and IR. Thus, the protective role of
vaspin for IR would be modulated by physical activity or %BF.
Similarly as observed in OLEF rats, vaspin concentration seems
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Table Il. Correlation of plasma vaspin with risk variables according to body fat percentage

Total Normal %BF High %BF

Variables R Jod r D r J4j
Age (vears) 0.10 0.031 0.06 0.336 0.07 0.355
BMI (kg/m?) 0.08 0.087 0.07 0.288 017 0.018
WC (cm) 0.05 0.343 0.06 0.374 0.10 0.157
SBP (mmHg) 0.01 0.899 -0.01 0.878 0.06 0.404
DBP (mmHg) 0.06 0.227 0.06 0.485 0.10 0.186
%BF 0.13 0.010 0.15 0.022 0.15 0.041
Cholesterol (mg/dl) 0.01 0.836 -0.01 0.865 0.10 0.178
HDL-c (mg/dl) -0.02 0.672 0.04 0.590 -0.10 0.169
LDL-c (mg/di) 0.02 0.702 0.00 0.999 0.11 0.126
Triacylglycerols (mg/dl) 0.06 0.231 -0.03 0.620 0.18 0.014
Glucose (mg/dl) -0.05 0.347 -0.03 0.687 -0.05 0.456
Insulin (uUI/mi) 0.18 < 0.001 0.14 0.052 0.25 < 0.001
HOMA-IR 0.16 0.002 0.12 0.085 0.23 0.003

%BF: Body fat percentage, BMI: Body mass index; DBP: Diastolic blood pressure; HDL-c: High-density lipoprotein, HOMA-IR: Homeostasis model assessment of insulin
resistance; LDL-c: Low density lipoprotein; SBP: Systolic blood pressure; WC: Waist circumference. “Spearman’s correlation analysis for vaspin plasma levels, n = 430.

Table lll. Crude and adjusted odds ratio and 95% CI for insulin resistance according to
vaspin quartiles?

Quartiles vaspin (ug/mL)
Q1 Q2 Q3 Q4
(<0243 & 0.359) | (0.25-0.463 & 0.36-0.65%) | (0.47-0.865 & 0.66-1.492) | (> 0.873 & > 1.50%)
OR 0.84 0.48 0.48 1
Crude® 95% Cl 0.49-1.44 0.27-0.88 0.26-0.87 Ref.
p 0.520 0.017 0.015
OR 0.84 0.43 0.46 1
Model A 95% Cl 0.49-1.46 0.23-0.80 0.25-0.84 Ref.
p 0.540 0.008 0.012
OR 0.84 0.43 0.46 1
Model B 95%Cl 0.48-1.46 0.23-0.80 0.25-0.85 Ref.
p 0.537 0.008 0.014
OR 1.07 0.49 0.57 1
Model C 95% Cl 0.60-1.91 0.26-0.95 0.30-1.08 Ref.
p 0.814 0.033 0.083
OR 0.95 0.51 0.59 1
Model D 95% Cl 0.53-1.72 0.26-0.97 0.31-1.11 Ref.
p 0.880 0.039 0.102

2Insulin resistance considered when HOMA-IR > 3.16. "Model A: Age, sex e BMI; Model B: Age, sex, BMI and puberty stage; Model C: Age, sex, BMI, puberty stage and
physical activity; Model D: Age, sex and %BF.

to increase in adolescents with %BF until IR onset and after that Similar non-linear relationship would occur with the effect
its concentration decays while insulin concentration increases. of physical activity on the relationship between vaspin and IR.
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Lee et al. (12) reported that vaspin concentrations inversely cor-
related with fasting insulin and HOMA-IR in obese adolescents.
After a lifestyle modification program including physical activ-
ity, adolescents showed a modification of this correlation with a
reduction of approximately 40% in vaspin concentrations with an
improvement of HOMA-IR, although Martos-Moreno et al. (33)
found no changes in vaspin concentrations in prepubertal children
after a physical activity program for BMI reduction. Youn et al. (24)
studied adults with normal and impaired glucose tolerance and
T2D and found no association between vaspin and anthropometric
or metabolic parameters, but after four weeks of physical train-
ing, the authors observed that circulating vaspin concentration
increased significantly with concomitant reduction in BMI and
reduction in insulin resistance. These results and ours suggest a
role for physical activity in vaspin secretion and its effects on IR.

However, vaspin behavior after lifestyle modification and
vaspin role in insulin sensitivity in combination with physic-
al activity remains unclear. Moreover, it is still unclear whether
vaspin modulates improved insulin sensitivity in combination with
physical activity or if it is modulated by the altered body fat after
a physical activity program. Our study was not designed to clarify
this association, and further studies are needed to determine the
role of vaspin in this relationship.

Because this is a cross-sectional study, we cannot conclude
whether vaspin is acting directly on IR, because the alteration of
insulin metabolism may also be the factor affecting vaspin con-
centrations. Nevertheless, this is an original study that provides
evidence that the association between vaspin and IR is mediated
by physical activity in adolescents. An additional strength of our
study is the fair number of adolescents with several confounds
variables available.

Taken together, the results of our study and other studies sug-
gest that vaspin plays an important role in the metabolic changes
associated with obesity or that it is, at least, a biomarker for these
changes in adolescents. In conclusion, we showed that some risk
factors associated with insulin-glucose metabolism are altered in
adolescents with high %BF and correlate positively with vaspin con-
centrations. Even though the association between vaspin and IR
remains unknown, increased vaspin concentrations are a protective
factor for IR, independently of BMI and pubertal stage, and are highly
influenced by body fat and physical activity in these adolescents.
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Resumen

Objetivo: el objetivo de este estudio es evaluar las propiedades psicométricas del cuestionario de disfrute por el ejercicio fisico (PACES) en
adolescentes con sobrepeso y obesidad.

Métodos: participaron 139 adolescentes con sobrepeso y obesidad: 91 nifias (edad = 13,85 + 1,92 afios; indice de masa corporal [IMC] =
26,83 + 3,16 kg/m?) y 48 nifios (edad = 14,29 + 1,62 afios; IMC = 28,31 + 3,74 kg/m?). Para analizar el disfrute por la actividad fisica se
empleo el cuestionario Physical Activity Enjoyment Scale (PACES).

Resultados: los resultados del andlisis factorial exploratorio y confirmatorio han mostrado una estructura de dos factores; a su vez el PACES

presenta una consistencia interna muy alta (alfa de Cronbach = 0,908). La fiabilidad test-retest indica una buena concordancia temporal (Spe-

arman rho = 0,815, p < 0,001). Por dltimo, el PACES en adolescentes con sobrepeso y obesidad manifiesta una validez convergente adecuada

con la intencionalidad de ser activo (MIFA), la atraccion por la actividad fisica (CAPA), la resistencia cardiorrespiratoria y los pliegues suprailiaco
Palabras clave: y subescapular.

Disfrute. Actividad Conclusién: los resultados confirman que el PACES es una medida valida y fiable del disfrute por la actividad fisica en adolescentes con
fisica. Adolescentes. sobrepeso y obesidad. El disfrute por la actividad fisica puede ser relevante en la participacion de los adolescentes con sobrepeso y obesidad
Sobrepeso. Obesidad. en estas actividades.

Abstract

Objective: The aim of this study is to test the psychometric properties of the Physical Activity Enjoyment Scale (PACES) in adolescents with
overweight and obese.

Methods: Participants included 139 overweight and obese adolescents, 91 girls (age = 13.85 + 1.92 years; body mass index [BMI] = 26.83 +
3.16 kg/m?) and 48 children (age = 14.29 + 1.62 years; BMI = 28.31 + 3.74 kg/m?). To test the enjoyment of physical activity, Physical Activity
Enjoyment Scale (PACES) was used.

Results: The results of the exploratory and confirmatory factor analysis showed a two-factor structure, also, the PACES showed a very high internal
consistency (Cronbach’s alpha = 0.908). The test-retest reliability indicates a good temporary agreement (Spearman rho = 0.815, p < 0.001).

Key words: Finally, the PACES in adolescents with overweight and obesity showed adequate convergent validity with Intention to be Physically Active (MIFA),
Enjoyment. Physical the Attraction to Physical Activity (CAPA), cardiorespiratory endurance, subscapularis and suprailiac skin-fold.

activity. Adolescents. Conclusion: The findings confirm that PACES is a valid and reliable measure of physical activity enjoyment in adolescents with overweight
Overweight. Obesity. and obesity. The physical activity enjoyment may be relevant in the participation of adolescents with overweight and obesity in these activities.
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INTRODUCCION

El sobrepeso y la obesidad son un importante problema de
salud publica. En el grupo de edad de 8 a 17 afios, en 2012,
la prevalencia de sobrepeso era del 26% v la de obesidad del
12,6%; 4 de cada 10 jévenes sufren exceso de peso (1). La acti-
vidad fisica (AF) es Util en el control y prevencion del sobrepeso y
la obesidad (2,3). Ademas, los niveles de AF son menores en los
nifos con sobrepeso (4).

Determinantes psicologicos de participacion en la AF incluyen:
la confianza en la propia capacidad para participar en el gjercicio
(autoeficacia), la percepcion de competencia fisica o deportiva,
tener una actitud positiva hacia la AF, el disfrute de la AF y la
percepcion de los beneficios de una AF (5). El disfrute por la AF se
define como un estado afectivo positivo, ya sea cognitivo o fisio-
l6gico, que implica sentimientos de placer y diversion asociados
con la realizacion o el cumplimiento de actividades fisicas (6). El
disfrute es a menudo citado como un correlato importante o pre-
dictor de la participacion en la AF y se incluye en muchos modelos
de promocion de la salud y en las teorias de motivacion (7,8).

Los nifios y adolescentes con sobrepeso y obesidad suelen
ser objeto de burlas, muchas de ellas durante la practica de acti-
vidad fisico-deportiva. Asi lo sefialan DeSmet y cols. (2014) (9)
al considerar que numerosos estudios han demostrado que los
adolescentes obesos son especialmente propensos a ser intimi-
dados y victimizados entre iguales, con diferentes consecuencias
negativas, una de las cuales es la disminucion de la motivacion
intrinseca y el disfrute por la actividad fisico-deportiva. Del mismo
modo, Faith y cols. (2000) (10) destacan que los nifios que son el
blanco de las criticas por su peso durante la AF mostraron menor
disfrute en el deporte y reportaron niveles mas bajos de AF. Ade-
mas, los nifios obesos son descritos por sus comparieros como
menos atractivos fisicamente, menos atléticos, mas enfermizos,
cansados y ausentes de la escuela; ser visto como menos atracti-
vo y menos deportivo es un elemento crucial en la aceptacion por
los pares de iguales (11). Teniendo en cuenta estas circunstan-
cias, la motivacion y el disfrute hacia la practica fisico-deportiva
puede verse comprometida en nifios con sobrepeso y obesidad.

Por otro lado, las nifias con peso normal disfrutan de la par-
ticipacion en la AF vigorosa mas que las nifias con sobrepeso y
obesidad (12). Esta circunstancia puede deberse al nivel de com-
petencia percibida. Investigaciones previas han puesto de mani-
fiesto que la competencia fisica percibida esta ligada al disfrute
en la educacion fisica (13) y existe evidencia de una asociacion
positiva entre la autoeficacia y la AF (14). Los nifios obesos que
tienen una mayor competencia de habilidades motoras pueden
Ser mas propensos a ser activos fisicamente (15). En general, los
nifios que son mas activos son aquellos que disfrutan del deporte,
tienen confianza en su capacidad de ser fisicamente activos y se
sienten competentes; ademas, percibiran menos barreras para la
AF y tendran mas probabilidades de disfrutar de la misma (16,17).

En este sentido, las emociones negativas son un predictor
importante en el estudio de los sujetos que no participan regu-
larmente en actividades fisicas (17,18). Pasadas experiencias
negativas con el ejercicio fisico pueden resultar en percepciones
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desagradables para la participacion en la AF, lo que lleva a un
circulo vicioso de habitos sedentarios (19).

Un niimero importante de escalas se han desarrollado y utiliza-
do para cuantificar el disfrute por la AF, pero la mayoria carecen
de suficiente evidencia de validez (17). Destacamos las escalas
desarrolladas por Kendzierski y DeCarlo (1991) (20) y Motl y cols.
(2001) (21). Ademas, atin no se han comprobado las propiedades
psicométricas de estas escalas en poblaciones especificas como
jovenes obesos.

OBJETIVO

El objetivo de este estudio es evaluar las propiedades psicomé-
tricas del cuestionario de disfrute por el ejercicio fisico (PACES)
en adolescentes con sobrepeso y obesidad.

METODOS

PARTICIPANTES

En este estudio participaron 139 adolescentes con sobrepeso
y obesidad, 91 nifias (edad = 13,85 = 1,92 afios; indice de
masa corporal [IMC] = 26,83 = 3,16 kg/m? y 48 nifios (edad =
14,29 + 1,62 afios; IMC = 28,31 =+ 3,74 kg/m?). Todos los suje-
tos pertenecian a diferentes centros educativos de la provincia de
Jaén. Los padres de los jovenes completaron un consentimiento
informado. El estudio se realizd en cumplimiento de las normas
de la Declaracion de Helsinki (version 2013). El consentimiento
informado y el estudio fueron aprobados por el Comité de Bioética
de la Universidad de Jaén.

MATERIALES Y PRUEBAS

El disfrute por la AF se evalud por medio de la Physical Activity
Enjoyment Scale (PACES) de Motl y cols. (2001) (21), en su ver-
sion espafola (22). Esta escala consta de 16 items, precedidos
de la frase: “Cuando estoy activo... “, y evalia el disfrute del
mas alto nivel (por ejemplo, “me gusta”, “es muy emocionante”,
“me resulta agradable”) hasta el mas bajo (por ejemplo, “estoy
aburrido”, “no me gusta”, “me frustra”). Las respuestas fueron
recogidas en una escala Likert entre 1 (totalmente en desacuerdo)
y 5 (totalmente de acuerdo).

Para conocer el nivel de atraccion hacia la AF se empled el
Children’s Attraction to Physical Activity Questionnaire (CAPA) (23).
Para este estudio se empled la version de 4 dimensiones que
incluia solo 18 items de los 25 originales, después de dejar exclui-
dos los items negativos (version recomendada por Rose y cols.,
2009) (24). La estructura factorial es la siguiente: factor 1: disfrute
con la AF y deportes (4 items, p. €]., “desearia poder practicar
mas juegos y deportes”); factor 2: disfrute con la AF (5 items, p.
gj., “disfruto con la practica de ejercicio fisico”); factor 3: disfrute
con la AF vigorosa (5 items, p. gj., “creo que me sentiré realmen-
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te bien después de una practica deportiva intensa”), y factor 4:
importancia del ejercicio fisico (4 items, p. j., “creo que es muy
importante mantener una buena forma fisica”). Las respuestas
se punttian mediante una escala tipo Likert cuyos valores oscilan
desde 1 (nunca) hasta 5 (siempre).

La intencionalidad de ser activo se analizd mediante el Intention
to be Physically Active (MIFA) (25), en su version espafiola (26).
Esta compuesta por 5 items que miden la intencion del sujeto de
ser fisicamente activo, precedidos de una frase como “Respec-
to a tu intencion de practicar actividad fisico-deportiva...”. Las
respuestas corresponden a una escala tipo Likert que oscila de
1 a5, donde 1 corresponde a totalmente en desacuerdo y 5 a
totalmente de acuerdo.

Los parametros antropométricos analizados fueron la altura
(cm), medida con un tallimetro (Seca 222, Hamburgo, Alemania).
El peso (kg) se registrd con una bascula Seca 634 (Hamburgo,
Alemania). EI IMC se obtuvo a partir de la ecuacion: IMC =
peso (kg)/altura (m?). Se tuvieron en cuenta los percentiles 85
y 95 de Sobradillo y cols. (2004) (27) como punto de corte para
clasificar a los nifios con sobrepeso y obesidad, respectivamen-
te, en relacion con el IMC. Ademas, se registrd el contorno del
abdomen, que se midié a nivel de la cicatriz umbilical. Se us6
una cinta ergondmica Seca 201. Por otro lado, los siguientes
pliegues cutaneos: triceps, biceps, subescapular y suprailiaco
se midieron, por triplicado, con un plicdmetro Holtain Skinfold
Caliper (Holtain Ltd., Dyfed, Reino Unido). Las mediciones se
realizaron siguiendo las normas estandarizadas de la Sociedad
Internacional para el Avance de la Cineantropometria (ISAK)
(Marfell-Jones y cols., 2006) (28).

Para la evaluacion de la resistencia aerdbica se utiliz el
Test de Course Navette de Léger, Mercier, Gadoury y Lambert
(1988) (29), donde el sujeto va desplazandose de un punto a
otro situado a 20 metros de distancia y realizando un cam-
bio de sentido al ritmo indicado por una sefial sonora que va
acelerandose progresivamente. Se registraron el nimero de
periodos realizados.

PROCEDIMIENTO

Después de conseguir la autorizacion de los centros y el
consentimiento informado de los padres se procedid a la apli-
cacion de las diferentes pruebas en dos dias consecutivos en
las instalaciones de los centros. El primer dia se registraron los
parametros antropomeétricos y la resistencia cardiorrespiratoria,
y el segundo dia se aplicaron los diferentes cuestionarios en las
aulas de los centros; investigadores de este estudio aclararon
las dudas y se respetd la confidencialidad y el anonimato de
las respuestas.

ANALISIS ESTADISTICO

Los datos fueron analizados con el programa SPSS, v. 19.0
para Windows (SPSS Inc., Chicago, EE. UU.) y el nivel de signi-
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ficacion se fijo en p < 0,05. Se realizd un andlisis factorial de
componentes principales. La consistencia interna de las PACES
se evalud mediante el coeficiente alfa de Cronbach. La fiabilidad
test-retest se realizd mediante el coeficiente de correlacion de
Spearman con un total de 32 participantes; entre el pre-test y el
post-test hubo un intervalo de 20 dias. La validez convergente se
analizd mediante la correlacion de Spearman entre la puntuacion
total PACES y los cuestionarios MIFA, CAPA y las medidas de
IMC, circunferencia de abdomen, pliegues grasos y resistencia
cardiorrespiratoria. Se utilizd el programa estadistico AMOS,
version 19, para comprobar la estructura factorial de la escala
(andlisis factorial confirmatorio).

RESULTADOS

ANALISIS FACTORIAL EXPLORATORIO PARA
EL PACES

El indice KMO alcanza un valor de 0,915y la prueba de esferi-
cidad de Bartlett de 1.312,127 (p < 0,001). El andlisis de compo-
nentes principales y rotacion Varimax mostrd la convergencia de
dos factores que explican un 60,301% de la varianza, el primer
factor un 45,890% y el segundo un 14,410 %. Los items fueron
configurados segun el grado de saturacion en cada factor, como
Se muestra en la tabla .

ANALISIS FACTORIAL CONFIRMATORIO

Los resultados han confirmado la estructura factorial que se
habia obtenido en el analisis exploratorio. Esta estructura apoya
el modelo de dos factores como caracteristicos del cuestionario
PACES en nifios con sobrepeso y obesidad. Los indices de ajuste
del modelo mostraron valores aceptables (Tabla i) y la correlacion
entre los dos factores es de 0,460 (Fig. 1).

CONSISTENCIA INTERNA

El andlisis de consistencia interna permite obtener un valor
alfa de Cronbach de 0,908. La correlacion items con el total de
la escala era dptima con el valor mas bajo de rho = 0,312 (item
14: me proporciona fuertes sentimientos) y el mayor valor de
rho = 0,787 (item 8: es muy agradable). No hay mejoria relevante
en la consistencia interna al eliminar cualquier item (Tabla Ill). El
primer factor alcanza valor alfa de Cronbach de 0,886 y 0,861
para el segundo factor.

FIABILIDAD TEST-RETEST

La tabla IV muestra los resultados del test-retest en el cuestio-
nario PACES. Se logran correlaciones significativas (p < 0,001) en
todos los items y en la puntuacion global del PACES.
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Tabla I. Analisis factorial exploratorio

items Disfrute con el ejercicio fisico Aburrimiento con el ejercicio fisico
1. Disfruto 0,783
2. Me aburro 0,674
3. No me gusta 0,739
4. Lo encuentro agradable 0,693
5. De ninguna manera es divertido 0,418
6. Me da energia 0,706
7. Me deprime 0,879
8. Es muy agradable 0,738
9. Mi cuerpo se siente bien 0,702
10. Obtengo algo extra 0,700
11. Es muy excitante 0,704
12. Me frustra 0,863
13. De ninguna manera es interesante 0,242
14. Me proporciona fuertes sentimientos 0,487
15. Me siento hien 0,791
16. Pienso que deberia estar haciendo otra cosa 0,738

Tabla Il. indices de ajuste para el PACES
Xz gl CFI IFI RMSA
338,360 103 0,812 0,815 0,129

CFl: indice de bondad de ajuste comparado; IFI: indice de ajuste incremental.

VALIDEZ CONVERGENTE

La tabla V muestra la validez convergente del PACES con los
cuestionarios MIFA, CAPA, los diferentes parametros antropomé-
tricos y la resistencia cardiorrespiratoria. EI PACES presenta una
correlacion significativa (p < 0,05) con el MIFA 'y con todas las
dimensiones del cuestionario CAPA. Hay que destacar igualmente
una correlacion significativa positiva con la resistencia cardiorres-
piratoria y negativa con los pliegues suprailiaco y subescapular.

DISCUSION

El objetivo de este estudio fue comprobar las propiedades psico-
métricas del cuestionario PACES como un instrumento para evaluar
el disfrute por la AF de los nifios con sobrepeso y obesidad. Los
resultados han mostrado una estructura de dos factores. Tam-
bién se ha proporcionado previamente la evidencia de validez de
constructo y validez discriminante (22,30,31). EI PACES tiene una
estructura factorial estable en relacion con la cultura, la raza, la
edad y el sexo (6,21,31). El andlisis factorial produce dos factores o
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Figura 1.
Raiz cuadrada de media del error de aproximacion.

elementos redactados positivamente cargados en un factor y nega-
tivamente formulados en otro factor. Estos resultados corroboran el
mejor ajuste a la version de dos factores de Molt y cols. (2001) (21).
Sin embargo, estos resultados no coinciden con la estructura uni-
factorial de la version espafiola en personas de 12 a 54 afios de
edad (22). Del mismo modo, Hales (2005) (6) encontrd una estruc-
tura unifactorial para los adolescentes. Sin embargo, Moore y cols.
(2009) (31) confirman que el modelo de dos factores tiene indices
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Tabla lll. Correlacion de los items con el total de la escala

Media de la Varianza de Correlacion Alfa de
escala si se la escalasi | elemento-total | Cronbach si
elimina el se elimina el corregida se elimina el
elemento elemento elemento
1. Disfruto 59,72 121,513 0,670 0,898
2. Me aburro 60,27 120,915 0,543 0,901
3. No me gusta 60,07 119,353 0,623 0,898
4. Lo encuentro agradable 60,06 119,391 0,625 0,898
5. De ninguna manera es divertido 59,79 119,401 0,779 0,894
6. Me da energia 59,89 119,161 0,675 0,897
7. Me deprime 59,77 120,205 0,554 0,901
8. Es muy agradable 60,02 117,135 0,787 0,893
9. Mi cuerpo se siente bien 59,90 125,571 0,465 0,903
10. Obtengo algo extra 60,15 119,188 0,625 0,898
11. Es muy excitante 60,56 121,533 0,514 0,902
12. Me frustra 60,11 118,074 0,534 0,902
13. De ninguna manera es interesante 60,11 120,938 0,594 0,899
14. Me proporciona fuertes sentimientos 60,71 126,259 0,312 0,909
15. Me siento bien 59,82 119,682 0,726 0,896
16. Pienso que deberia estar haciendo otra cosa 60,15 122,102 0,450 0,905

Tabla IV. Fiabilidad test-retest del PACES

Pretest media (DT) Postest media (DT) Rho Spearman
1. Disfruto 4,12 (0,90) 4,09 (1,05) 0,932***
2. Me aburro 2,03 (1,33) 2,03 (1,30) 0,991+
3. No me gusta 1,93(1,18) 1,93 (1,34) 0,930***
4. Lo encuentro agradable 3,56 (1,10) 3,43 (1,21) 0,943
5. De ninguna manera es divertido 2,00 (1,27) 1,96 (1,20) 0,823
6. Me da energia 4,09 (0,81) 4,03 (0,96) 0,803***
7. Me deprime 1,71 (1,05) 1,81 (1,02) 0,781
8. Es muy agradable 3,78 (1,06) 3,71 (1,08) 0,926***
9. Mi cuerpo se siente bien 4,15 (0,80) 4,00 (0,95) 0,674
10. Obtengo algo extra 3,56 (1,24) 3,56 (1,26) 0,906
11. Es muy excitante 3,37 (1,31) 3,28(1,19) 0,750
12. Me frustra 1,93 (1,18) 1,90 (1,17) 0,933**
13. De ninguna manera es interesante 1,78 (1,06) 1,87 (1,21) 0,788
14. Me proporciona fuertes sentimientos 2,84 (1,22) 3,06 (1,24) 0,749
15. Me siento bien 418 (1,14) 4,12 (1,09 0,952***
16. Pienso que deberia estar haciendo otra cosa 2,21 (1,006) 2,21 (1,23) 0,827
PACES total 2,95 (0,25) 2,94 (0,33) 0,815

DT: desviacion tipica;, ***p < 0,001.
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Tabla V. Validez convergente entre el PACES, MIFA, CAPA, resistencia cardiorrespiratoria,
IMC, perimetro de cintura y pliegues grasos

activo (B)

Al B c D E F G H I J K L M
PACES fotal (4) | 1 | 0,533" | 0,553" | 0,599" | 0,518" | 0,500" | 0,312 | -0.123 | -0,172 | -0,157 | -0,138 | -0.202" | -0,197
Intencion de ser 1 |0582" | 0,580" | 0,591 | 0,641 | 0,306 | 0,140 | -0,105 | -0,193" | -0,185" | -0,304" | -0.266"

Disfrute con juegos

1 |o7227| 07127 | 0763" | 02737 | 0,133 | 0,143 | -0,021 | -0,051 | -0,128 | -0,195
y deportes (C)
Disfrute con 1 |o0783" | 0815" | 0265" | 0,076 | 0,107 | -0,003 | -0,055 | -0,092 | -0,063
la AF (D)
Disfrute con la AP 1 | 0778 | 0329" | 0,022 | 0,008 | -0064 | -0,154 | -0,070 | -0,062
vigorosa (E)
Importancia del 1 | 0262° | -0072 | 0,044 | 0,012 | 0,041 | -0,070 | -0,085
gjercicio fisico (F)
Course Navette (G) 1 |-0081] -0,039 | -0361" | -0,399" | -0.455" | -0,268"
IMC (H) 1 | 0684 | 0487 | 0366" | 0.493" | 0,625
Perimetro de 1| 0203 | 0105 | 0403 | 0389
cintura ()
Triceps (J) 1 | o0es7 | 0562° | 0615
Biceps (K) 1 0,5317 | 0,524"

Suprailiaco (L)

1 0,715"

Subescapular (M)

0 < 0,05 *p < 0,01.

de mejor ajuste que el modelo de un factor en los nifios. A su vez,
en estudios anteriores con nifios (21,31) los resultados del analisis
factorial confirmatorio muestran una estructura de dos factores.

Por otro lado, la consistencia interna del PACES fue muy alta
y similar a otros estudios previos (20,31). La fiabilidad test-re-
test del PACES indica una buena consistencia temporal. Ade-
mas, el PACES presenta una adecuada validez convergente con
la escala MIFA, CAPA, la resistencia cardiorrespiratoria y 10s
pliegues suprailiaco y subescapular. En este sentido, Davison y
cols. (2007) (32) muestran que el PACES presenta correlaciones
significativas con la competencia atlética y la AF autorreportada.
Del mismo modo, Moore y cols. (2009) (31) indican que el PACES
presenta correlaciones significativas con la competencia percibi-
da, el aspecto fisico y la AF autorreportada en nifios.

Aunque las propiedades psicométricas del PACES en los nifios
con sobrepeso y obesidad son adecuadas, una de las limitacio-
nes de este estudio es que no se diferencia el andlisis factorial
por sexo. Seguin Moore y cols. (2009) (31), la carga factorial es
diferente en nifios sanos, por lo que la comparacion del disfrute
por la AF entre los sexos puede no ser apropiada. Los intereses
y motivaciones de los nifios hacia la AF pueden ser diferentes,
como se ha demostrado en diversos estudios (33,34). Esto podria
afectar a la estructura factorial y la validez concurrente, como
Moore y cols. (2009) (31) sugirieron. Las investigaciones futuras
deberian aclarar esta posibilidad.

A modo de conclusion, el PACES es un instrumento valido y
fiable para medir el disfrute por la AF en nifios con sobrepeso
y obesidad. Este instrumento puede ser utilizado para analizar
la eficacia de los programas de actividades fisico-deportivas en
los nifios con sobrepeso y obesidad, en el sentido de garantizar
una adherencia adecuada a la AF, que es muy relevante en el
tratamiento del sobrepeso y obesidad. Podria permitir la deteccion
rapida de aquellos nifios en riesgo de abandonar prematuramente
la practica fisico-deportiva en la transicion de la nifiez a la adoles-
cencia, donde existe un abandono considerable de dicha practica
(34) debido, entre otros factores, a la falta de diversion (35), que
puede ser agravada por las condiciones de sobrepeso y obesi-
dad. Por tanto, el disfrute por las AF puede ser relevante en la
participacion de los nifios con sobrepeso y obesidad en estas
actividades. Asi, como sefialan Yeh y cols. (2015) (36), es crucial
aumentar el disfrute y la motivacion para participar en la AF de
los nifios con sobrepeso y obesidad.
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Association of the TNF-alpha -308 G/A polymorphisms with metabolic responses

secondary to a high protein/low carbohydrate versus a standard hypocaloric diet
Asociacion del polimorfismo TNF-alpha -308 G/A con los cambios metabdlicos secundarios a una
dieta hipocalorica rica en proteinas/baja en hidratos de carbono versus una dieta hipocalorica
estandar
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Abstract

Background: Mutation analysis has identified a G-> A transition in the promoter region of TNF-alpha gene at position -308 (rs1800629).

Objective: The aim of our study was to investigate the influence of polymorphism in -308 GA promoter variant of the TNF alpha gene on metabolic
response and weight loss secondary to two hypocaloric diets.

Method: A sample of 283 obese subjects was enrolled in a consecutive prospective way. In the basal visit, patients were randomly allocated
during 9 months to diet HP (high protein/low carbohydrate hypocaloric diet) and diet S (standard hypocaloric diet).

Results: There were no significant differences between the positive effects on weight loss in either genotype group with both diets. With both
diets and only in wild genotype (diet HP vs. diet S), total cholesterol (-9.1 + 3.4 mg/dL vs. -6.9 + 2.0 mg/dL; p > 0.05), LDL cholesterol (-9.0 +

Key words: 2.9 mg/dL vs. -6.5 = 2.1 mg/dL; p > 0.05) and triglycerides (-23.1 + 5.1 mg/dL vs. -12.3 + 4.8 mg/dL; p < 0.05) decreased. The improvement
in triglycerides was higher in subjects without A allele. With diet HP and only in wild genotype, insulin levels (-3.1 = 1.8 UI/L; p < 0.05) and
S;S%gig‘rﬁ“a HOMA-R (-0.8 = 0.1 units; p < 0.05) decreased.
Hypocaloric diet. Conclusion: Carriers of -308 GG promoter variant of TNF-alpha gene have a better metabolic response than -308 GA obese with a high protein
Obesity. hypocaloric diet.
Resumen
Antecedentes: los diferentes estudios genéticos han identificado un cambio G-> A en la region promotora del gen de TNF-alfa en la posicion
-308 (rs1800629).

Objetivo: el objetivo de nuestro estudio fue investigar la influencia del polimorfismo en -308 GA del gen TNF-alfa en la respuesta metabdlica y
la pérdida de peso secundarias a dos dietas hipocaldricas.

Método: una muestra de 283 sujetos obesos fue evaluada en forma prospectiva consecutiva. En la visita basal, los pacientes fueron asignados
al azar durante 9 meses a una dieta HP (dieta de alto valor proteico/baja en hidratos de carbono) y dieta S (dieta hipocaldrica estandar).

Resultados: no hubo diferencias significativas entre los efectos positivos sobre la pérdida de peso entre los grupos genotipo con ambas dietas.
Con ambas dietas y solo en el genotipo salvaje (dieta HP vs. dieta S), el colesterol total (-9,1 + 3,4 mg/dl vs. -6,9 + 2,0 mg/dl; p > 0,05), coles-

Palabras clave: terol LDL (-9,0 = 2,9 mg/dl vs. -6,5 = 2,1 mg/dl; p > 0,05) y los triglicéridos (-23,1 + 5,1 mg/dl vs. -12,3 = 4,8 mg/dl; p < 0,05) disminuyeron
o significativamente. La mejora de los triglicéridos fue mayor en sujetos sin el alelo A. Con la dieta HP y solo en el genotipo salvaje, los niveles de

gg'angﬁ}f&'gg?pha insulina (-3,1 = 1,8 UI; p < 0,05) y HOMA-R (-0,8 + 0,1 unidades; p < 0,05) disminuyeron.

Dieta hipoca\()ricé. Conclusion: los obesos portadores de la variante -308 GG del gen TNF tienen una mejor respuesta metabélica que los sujetos con genotipo

Obesidad. -308 GA con una dieta hipocaldrica rica en proteinas.
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INTRODUCTION

Obesity-related diseases are major public health problems.
Hypocaloric diets are known to be an effective treatment for over-
weight and obese subjects (1). Individual responses to lifestyle
modification vary and it is clear that they are partially genetically
determined. Apart from the role of environmental determinants,
also genetic factor predispose to obesity and may influence the
response to intervention on lifestyle, Heterogeneous responses to
lifestyle interventions should be at least in part controlled by genetic
factors (2). Single nucleotide polymorphisms (SNPs) were described
in association with the risk for obesity and metabolic diseases (3).

Mutation analysis has identified a G-> A transition in the promoter
region of TNF-alpha gene at position -308 (rs1800629). This poly-
morphic variant has been shown to affect the promoter region of the
TNF-alpha gene leading to a higher rate of transcription compared
to the wild allele (4). Ferndndez Real et al. (5) have reported a signifi-
cant association between the -308 GA variant and increased insulin
resistance, BMI and increased production of leptin. However, other
studies have reported negative results, with no correlation between
TNF-alpha mutation and insulin resistance (6).

An accumulating body of evidence shows that modest weight
loss through dietary changes is an effective means for manag-
ing obesity (7). As far as we known, few studies (8-10) have
described the effect of different hypocaloric diets on weight loss
and metabolic parameters, analyzing -308 GA promoter variant of
TNF-alpha gene in obese subjects. De Luis et al. (8) have shown,
with a standard hypocaloric diet, that carriers of the -308 GG
genotype were associated with larger improvements in serum
glucose, HOMA-R and leptin levels. Also, in a different study (9),
A allele carriers were associated with a lack of improvement on
metabolic parameters after two different hypocaloric diets (low
fat vs low carbohydrate). Finally, carriers of the -308 GG promot-
er variant of TNF-alpha gene have a better metabolic response
than A allele carriers with a high polyunsaturated fat hypocaloric
diet (10). On the other hand, recent studies have suggested no
major differences between the effects of various dietary approach-
es, including low-carbohydrate and low-fat diets, on body weight
outcomes (11,12). However, other studies have reported that very
low-carbohydrate ketogenic diets and the Mediterranean diet are
superior to low-fat diets in reducing body weight (13,14).

Therefore, in light of previous findings, the aim of our study
was to investigate the influence of polymorphism (rs1800629)
in -308 GA promoter variant of the TNF alpha gene on metabolic
response and weight loss in a medium-term intervention study
secondary to a high protein/low carbohydrate diet vs. a standard
hypocaloric diet (1,000 kcal/day).

SUBJECTS AND METHODS

SUBJECTS

A sample of 283 obese subjects was enrolled in a consecutive
prospective way, from May 2013 to December 2014 in a tertiary
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hospital. These patients were studied in a Nutrition Clinic Unit and
signed an informed consent (the Ethical Committee of our hospital
approved this protocol). This study was conducted according to
the guidelines laid down by the World Medical Association in the
Declaration of Helsinki. Exclusion criteria included a history of
cardiovascular disease or stroke during the previous 36 months,
total cholesterol > 300 mg/dL, triglycerides > 400 mg/dL, blood
pressure > 140/90 mmHg, fasting plasma glucose > 110 mg/
dL, as well as the use of sulfonylurea, thiazolidinediones, insu-
lin, glucocorticoids, antineoplastic agents, angiotensin receptor
blockers, angiotensin-converting enzyme inhibitors, psychoactive
medications, drinking and/or smoking habit.

PROCEDURE

Patients were randomly allocated to one of two diets for a period
of 9 months. Diet HP (high protein-low carbohydrate hypocaloric diet)
consisted in a diet of 1,050 cal/day, 33% of carbohydrates (86.1 g/
day), 33% of fats (39.0 g/day) and 34% of proteins (88.6 g/day).
The distribution of fats was 23.5% of saturated fats, 63.8% of
monounsaturated fats and 12.6% of polyunsaturated fats. Diet S
(standard protein hypocaloric diet) consisted in a diet of 1,093 cal/
day, 53% carbohydrates (144.3 g/day), 27% fats (32.6 g), and
20% proteins (55.6 g/day). The distribution of fats was 20.9% of
saturated fats, 67.4% of monounsaturated fats and 11.6% of poly-
unsaturated fats. The main food source of monounsaturated fatty
acids was olive oil; of polyunsaturaded fatty acids, w3 from fish and
w6 from vegetable seeds; and of saturated fatty acids, beef, chicken
and pork. Adherence to these diets was assessed each 7 days with
a phone call by a dietitian in order to improve compliment of calorie
restriction and macronutrient distribution. National composition food
tables were used as reference (15).

Weight, blood pressure, basal glucose, c-reactive protein (CRP),
insulin, total cholesterol, LDL-cholesterol, HDL-cholesterol, trigly-
cerides and adypokines (leptin, adiponectin, and resistin) levels
were measured at basal time and at 9 months, after both hypoca-
loric diet. Genotype of -308 GA promoter variant of the tumor
necrosis factor-alpha gene was studied.

GENOTYPING OF G308A PROMOTER VARIANT
OF THE TNF-ALPHA GENE

Oligonucleotide primers and probes were designed with the
Beacon Designer 4.0 (Premier Biosoft International®, LA, CA). The
polymerase chain reaction (PCR) was carried out with 50 ng of
genomic DNA from peripheral blood, 0.5 uL of each oligonucleo-
tide primer (primer forward:; 5’-CTG TCT GGA AGT TAG AAG GAA
AC-3'; primer reverse: 5’-TGT GTG TAG GAC CCT GGA G-3'), and
0.25 uL of each probes (wild probe: 5’-Fam-AAC CCC GTC CTC
ATG CCC-Tamra-3’) and (mutant probe: 5’-Hex-ACC CCG TCT
TCATGC CCC- Tamra -3) in a 25 uL final volume (Termocicla-
dor iCycler 1Q [Bio-Rad®], Hercules, CA). DNA was denaturized at
95 °C for 3 min; this was followed by 50 cycles of denaturation



604

at 95 °C for 15 sec, and annealing at 59.3 °C for 45 sec). The
PCR were run in a 25 ulL final volume containing 12.5 uL of
IQTM Supermix (Bio-Rad®, Hercules, CA) with hot start Tag DNA
polymerase. One probe was labeled at the 5-end with a Light-
Cycler-Red fluorophore (Fam) and the other probe was labeled at
the 3’-end with Hex. Only after hybridization to the template DNA
the two probes do come in close proximity, resulting in fluores-
cence resonance energy transfer between the two fluorophores.
The emitted fluorescence of the LyghtCycler fluorophore was
measured (Real Time polymerase chain reaction). Hardy Weimber-
ger equilibrium was assessed.

BIOCHEMICAL ASSAYS

Plasma hormone levels were evaluated using the multiplex
Biorad® 10 plex assay following manufacturer’s instructions
(Bio-Rad®, Hercules, CA). This system allows for the quantitative
measurement of different hormones (resistin, leptin and adiponec-
tin), while consuming a small amount of biological material. Limits
of detection were as follows (pg/ml): leptin (1.8), resistin (1.4) and
adiponectin (3.8).

Serum total cholesterol and triglyceride concentrations were
determined by enzymatic colorimetric assay (Technicon Instru-
ments, Ltd., New York, N.Y., USA), while HDL cholesterol was
determined enzymatically in the supernatant after precipitation of
other lipoproteins with dextran sulphate-magnesium. LDL chol-
esterol was calculated using Friedewald formula.

Plasma glucose levels were determined by using an auto-
mated glucose oxidase method (Glucose analyser 2, Beckman
Instruments, Fullerton, California). Insulin was measured by
enzymatic colorimetry (Insulin, WAKO Pure-Chemical Industries,
(Osaka, Japan) and the homeostasis model assessment for insulin
resistance (HOMA-R) was calculated using these values (16). CRP
was measured by immunoturbimetry (Roche Diagnostics GmbH,
Mannheim, Germany), with a normal range of 0-7 mg/dL and
analytical sensitivity 0.5 mg/dL.

ANTHROPOMETRIC MEASUREMENTS

Body weight was measured to an accuracy of 0.1 kg and body
mass index computed as body weight/(height?) (kg/m?). Waist cir-
cumference was measured in the midway between the lowest rib
and the iliac crest using an anthropometric tape. Tetrapolar body
electrical bioimpedance was used to determine body compos-
ition with an accuracy of 5 g (17). An electric current of 0.8 mA
and 50 kHz was produced by a calibrated signal generator (Bio-
dynamics Model 310e, Seattle, WA, USA) and applied to the skin
using adhesive electrodes placed on right-side limbs. Precautions
taken to insure valid BIA measurements were no alcohol within
24 hours of taking the test and no exercise or food for four hours
before taking the test. Blood pressure was measured twice after a
10 minutes rest with a random zero mercury sphygmomanometer,
and averaged.

D. A. de Luis et al.

STATISTICAL ANALYSIS

Sample size was calculated to detect differences over 3 kg in
body weight with 90% power and 5% significance (n = 140, in each
diet group). The results were expressed as average +/- standard
deviation. The distribution of variables was analyzed with the Kolm-
ogorov-Smirnov test. Quantitative variables were analyzed with a
2-way ANOVA model. Qualitative variables were analyzed with the
Chi-squared test, with Yates correction as necessary, and Fisher’s
test. A Chi-squared test was used to evaluate the Hardy-Wein-
berg equilibrium. Non-parametric variables were analyzed with
the Wilcoxon test. The statistical analysis was designed for the
combined G-308A and A-308A as a mutant type group and wild
type group G-308G as second group. Dominant model was used
to analyze the results. A p-value under 0.05 was considered to be
statistically significant.

RESULTS

Two hundred and eighty three patients gave informed consent
and were enrolled in the study. The mean age was 48.9 + 13.4
years and the mean BMI was 35.5 + 4.6, with 77 males (26.5%)
and 208 females (73.5%). All patients completed the 9-month
follow-up period without drop-outs in both branches (diet HP vs.
diet S). Two hundred and five patients (72.4%) had the genotype
-308 GG and 78 (27.6%) patients had the genotype -308 GA
(77 patients [27.2%] -308 GG and 1 patient [0.4%] -308 AG).
Age was similar in both groups (-308 GG genotype: 48.7 + 11.1
years vs. -308 GA genotype: 49.9 + 12.0 years: p = 0.12). Sex
distribution was similar in both groups, males (27.4% vs. 24.8%)
and females (72.6% vs. 75.2%).

Regarding the 146 subjects (106 -308 GG genotype and 40
-308 GA genotype) treated with diet HP basal, basal assessment of
nutritional intake with a 3 days written food record showed a basal
calorie intake of 2,178.1 + 391.2 kcal/day, carbohydrate intake
of 227.91 = 12.1 g/day (47.8% of calories), fat intake of 88.1
+ 23.1 g/day (31.0% of calories) and protein intake of 81.1 +
38.2 g/day (21.2% of calories). During the intervention, these sub-
jects reached the recommendations of the diet; 1,004.3 +/- 87.2
calories (29.6% of carbohydrates, 32.8% of lipids and 37.6% of
proteins). On the other hand, in the 137 subjects (99 -308 GG
genotype and 38 -308 GA genotype) treated with diet S, basal
assessment of nutritional intake with a 3 days written food rec-
ord showed a basal calorie intake of 2,181.8 + 292.1 kcal/day,
carbohydrate intake of 211.1 + 28.1 g/day (45.5% of calories), fat
intake of 82.1 + 15.1 g/day (38.2% of calories) and protein intake
of 87.1 = 8.1 g/day (20.1% of calories). During the intervention,
these patients reached the recommendations of diet; 1,003.9
+/- 70.1 calories (51.7% of carbohydrates, 30.1% of lipids and
19.2% of proteins).

Anthropometric characteristics of participants at baseline and at
3-9 months of intervention are shown in table I. With the diet type
HP and in both genotypes, BMI (values in GG vs. GA genotypes
at 9 months) (-3.6 = 1.4 kg/m? vs. -3.4 + 1.9 kg/m?, p > 0.05),
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weight (-8.1 £ 5.0 kg vs.-9.0 + 3.9 kg, p > 0.05), fat mass (-5.4
+ 4.3 kg vs. -5.9 + 3.9 kg, p > 0.05), waist circumference (-7.1 “lwlo & o g o |
+2.1cmvs. -6.5+4.1 cm, p < 0.05) and systolic blood pressure 217 <+r| T Qﬂ c+>| H f; §
(-7.3 £ 3.1 mmHg vs -6.9 + 3.8 mmHg, p > 0.05) decreased. § NS SRR E
BMI, weight, fat mass and waist circumference improvement was AR AR N RS R N
similar in subjects with both genotypes. With the diet type S and s2lgle|d|=|2|3| g
in both genotypes at 9 months (table I), BMI (values in G/G vs. 3 E Bl I e S alalg
G/A genotypes at 9 months) (-2.9 + 2.0 kg/m?vs. -2.5 = 1.9 28| sl3|8 gla|R|E
kg/m2, p > 0.05), weight (-9.1 + 4.1 kg vs -9.4 = 4.4 kg, p NN RN
> 0.05), fat mass (-4.6 = 3.3 kg vs. -4.5 + 2.3 kg, p > 0.05), SEIF MM EE
waist circumference (-4.1 + 2.1 cm vs. -4.2 + 3.0 cm, p > 0.05) Slgl2le % | g ©|ls|g
and systolic blood pressure (-6.0 + 2.6 mmHg vs. -6.1 + 2.2 » B R R =R R R S
mmHg, p > 0.05) decreased, too. No differences were detected g =
among basal of anthropometric variables between subjects with - *; a 2 2 };— N g
both genotypes. BMI, weight, fat mass and waist circumference al©| ,ﬁ T I T A= §
improvement was similar in subjects with both genotypes. Final- ) IS j NEIRE § =2 OJS' §
ly, there were no significant differences between the effects on n YIS |2 || |R|E
weight, BMI, waist circumference, fat mass and systolic blood 2 § wlsls|lal8|l2|z|z
. \ . LI 2| o =
pressure of the different diets in either genotype group. 8 8 E A M T H B g X S
Table Il shows the classic cardiovascular risk factors. With both £ 2 gls|a|s5|28|2|3
diets and only in wild genotype (diet HP vs. diet S), total choles- ‘J)’ N N g g N g ~ | E
terol (-9.1 = 3.4 mg/dl vs. -6.9 = 2.0 mg/dl; p > 0.05), LDL Q £179 Plo |3 03 T §
cholesterol (-9.0 = 2.9 mg/dl vs. -6.5 = 2.1 mg/dl; p > 0.05) g Slelgldle|a =8|z
and triglycerides (-23.1 + 5.1 mg/dl vs. -12.3 + 4.8 mg/dl; p 5 clzls(23|8|72
<0.05) decreased. The improvement in total and LDL cholesterol > - °§C
was similar in subjects with diet HP and HS. The improvement in L N Il I = I BN &
triglycerides was higher in subjects without A allele. With diet HP 15 2| S| %3 M ?l - Q+>| g
and only in wild genotype, insulin levels (-3.1 + 1.8 UI/L; p < 0.05) g E <2 2 N < o g @S
and HOMA-R (-0.8 + 0.1 units; p < 0.05) decreased. Q ?( Z Lle LS il RN S
Table Il shows adipocytokines levels. With both diets and in f__Q E N ; RS p= cfl 3|8
both genotypes (G/G vs G/A genotypes), leptin levels (diet HP: v 3 E | ol | S
-28.1 +5.1 ng/mL vs. -22.1 + 5.0 ng/mL, p > 0.05) and (diet S: © 20 s % |83 @ o N
-25.1 + 3.0 ng/mL vs. -26.9 + 5.0 ng/mL, p > 0.05) decreased. £ NENMEEE === A
The amount of leptin decrease was similar with both diets. Resistin % g3 H °f| ?l =% §
and adiponectin levels remained unchanged along 9 months. No % SR ey ® S|z
differences were detected among basal and post-treatment values g % B S G = 5 S
of adipocytokines among genotypes. O| 5 ] - — §
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DISCUSSION o ; § 313 § % g g % §
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Our data showed diverse response to both diets when ana- E Sld|ls|2|3|R|~]|2s
lyzing the subgroups stratified according to -308 GG genotype 8 E Hlw ® HlE i &8
of promoter of the TNF-alpha gene. We observed a significant 2 el % § < % § S g §
decrease in weight, BMI, fat mass, waist circumference, systolic S| = S| g S|s|x § =
blood pressure and leptin levels with both diets regardless of 19| T °+°| vl R Y ‘5’5 §
the genotype. Our study shows that non-A allele carriers had a SlEle |28l o|Sfes
different metabolic response with a significant decrease in LDL clgle|lE|l° @ g <
cholesterol, total cholesterol and tryglicerides after both diets. § §
HP diet produces a significant decrease in insulin and HOMA in 8 . 13
non-A allele carriers, too. 8 222 2lE|<:
In our study the frequencies of genotypes did not markedly 2 Slz|g8|S|Z|E|E §*‘£
differ from data previously reported in the literature (18-20). Con- o g é = S| &|s %
trasting with numerous reports on the frequencies of -308 G/A 2 = C1ES
SNP and association with body adiposity and metabolic disturb- © ==
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ASSOCIATION OF THE TNF-ALPHA -308 G/A POLYMORPHISMS WITH METABOLIC RESPONSES SECONDARY TO A HIGH 607
PROTEIN/LOW CARBOHYDRATE VERSUS A STANDARD HYPOCALORIC DIET

ance, their association with response to intervention on lifestyle
has been rarely investigated. The results of different interventional
studies with this polymorphism gene have shown unclear data. In
one study (8), no carriers of the A allele had a greater reduction in
glucose levels, insulin levels, leptin levels and weight than A allele
carriers in response to 3-month hypocaloric diet. Other interven-
tional study (9) carried out during 3 months with a low fat hypoca-
loric diet showed a better metabolic improvement secondary to
weight loss in -308 GG genotype. In this previous study (9), the
improvement of glucose, insulin levels, HOMA-R, LDL cholesterol,
total cholesterol and triglyceride levels was statistically significant
in -308 GG subjects with a low fat hypocaloric diet and only insulin
levels improved in the same genotype with a low carbohydrate
diet. Finally, A allele carriers did not show metabolic improvements
after weight loss (9). On the other hand, leptin levels decreased
more in -308 GG genotype subjects than in A allele carriers with
both diets (9). Carriers of the -308 GG promoter variant of TNF-al-
pha gene have a better metabolic response than A allele carriers
with a high polyunsaturated fat hypocaloric diet (10). Only one
study has been designed with a surgical intervention; a surgical
study with bariatric procedure (21) has shown that this polymorph-
ism is not related to biochemical outcomes after a massive weight
loss with a biliopancreatic diversion procedure. All previously cited
studies have been conducted in Caucasian subjects, and only one
study has evaluated a dietary intervention in a different ethnicity
(22). In this design, -308 G/A SNP predisposed a better response
of glucose metabolism to a dietary intervention. Certainly, the
genetic base of the population studied modulated response to
intervention because these results are not in agreement with
previous literature data.

In our study, the metabolic benefits in lipid metabolism were
not detected in variant allele carriers. The deleterious effect
of this TNF-alpha variant allele was previously suggested in a
meta-analysis in which individuals carrying -308 GA polymorph-
ism had greater comorbidities related to obesity (23). Further, our
design also shows an improvement in insulin concentrations and
HOMA-R after weight loss secondary to a high protein/low carbo-
hydrate hypocaloric diet only in subjects with -308 GG genotype.
Some previous studies have proposed that the effects of the -308
GA promoter variant of the TNF-alpha gene on insulin action may
depend on body weight (24). The A allele was associated with high
RQ (resting quotient), indicating high rates of glucose oxidation
and lipid synthesis, depending of BMI (24). On the other hand, the
promoter variant at position -308 leads to a higher rate of TNF
alpha gene transcription, followed by raised TNF-alpha concen-
trations and decreased insulin resistance (25). Nevertheless, a
recent meta-analysis has reported lack of associations between
this SNP and circulating levels of TNF-alpha (26).

Some specific reasons could explain these contradictory results
on metabolic response. Firstly, the distribution of macronutrients
in the prescribed diets and the type of dietary fat may influence
secondary metabolic responses and weight loss. Secondly, dur-
ation of dietary intervention may influence secondary metabolic
responses to weight loss as a function of this polymorphism. Per-
haps the interaction between -308 GA polymorphism and weight
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loss secondary to diet is modulated during time. As far as we
know, our present study is the longest designed so far: 9 months.
Thirdly, the basal dietary intake could interact with the SNP and
modulate the metabolic response after dietary intervention (27).
Finally, the small sample size of all studies could be responsible for
the absence of detection of biochemical changes in some sense.

In summary, the -308 GG SNP genotype may predispose a
better response of insulin metabolism and HOMA-R after weight
loss with a high protein hypocaloric diet. Both diets produced an
improvement in anthropometric parameters in all patients. How-
ever, this weight decrease was accompanied by an improved lipid
profile in patients non-carriers of the A allele.
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Abstract

Background: The use of sagittal abdominal diameter (SAD) has been proposed for screening cardio-metabolic risk factors; however, its accuracy
can be influenced by the choice of thresholds values.

Aim: To determine the SAD threshold values for cardio-metabolic risk factors in Mexican adults; to assess whether parallel and serial SAD testing
can improve waist circumference (WC) sensitivity and specificity; and to analyze the effect of considering SAD along with WC and body mass
index (BMI) in detecting cardio-metabolic risk.

Methods: This cross-sectional study was conducted during 2012-2014 in Northeast Mexico (n = 269). Data on anthropometric, clinical, and
biochemical measurements were collected. Sex-adjusted receiver-operating characteristic curves (ROC) were obtained using hypertension,
dysglycemia, dyslipidemia and insulin resistance as individual outcomes and metabolic syndrome as a composite outcome. Age-adjusted odds
ratios and 95% confidence intervals (Cl) were estimated using logistic regression.

Results: The threshold value for SAD with acceptable combination of sensitivity and specificity was 24.6 cm in men and 22.5 ¢cm in women. Par-
allel SAD testing improved WC sensitivity and serial testing improved WC specificity. The co-occurrence of high WC/high SAD increased the risk for
insulin resistance by 2.4-fold (95% CI: 1.1-5.3), high BMI/high SAD by 4.3-fold (95% Cl: 1.7-11.9) and SAD alone by 2.2-fold (95% Cl: 1.2.-4.2).

Conclusions: The use of SAD together with traditional obesity indices such as WC and BMI has advantages over using either of these indices
alone. SAD may be a powerful screening tool for interventions for high-risk individuals.

Resumen

Introduccion: el didmetro sagital del abdomen (SAD) se ha usado para detectar factores de riesgo cardiometabdlicos; su precision se ve
afectada por los valores de corte.

Objetivo: determinar valores de corte para factores de riesgo cardiometabdlicos en mexicanos adultos; evaluar la sensibilidad y especificidad
cuando se utiliza en serie 0 en paralelo con la circunferencia de la cintura (WC); y analizar el uso del SAD individualmente o junto a WC o el indice
de masa corporal (IMC) para detectar factores de riesgo cardiometabdlicos.

Métodos: en forma transversal, de 2012 a 2014 se estudiaron 209 sujetos provenientes del noreste mexicano. Se recopilaron datos antropomé-
tricos, clinicos y bioquimicos. Se construyeron curvas ROC ajustadas por sexo utilizando como resultado individual hipertension, disglicemia y
resistencia a la insulina y como resultado compuesto, el sindrome metabdlico. Se calcularon razon de momios e intervalos de confianza (IC 95%)
mediante regresion logistica.

Resultados: los valores de corte fueron 24,6 cm en hombres y 22,5 cm en mujeres. EI SAD en paralelo con la WC mejord sensibilidad y en
forma seriada, la especificidad de WC. La coocurrencia de WC y SAD por encima de los rangos incremento el riesgo para resistencia a la insulina
2,4 veces (95% Cl: 1,1-5,3); BMI'y SAD elevados, 4,3 veces (95% Cl: 1,7-11,9) y SAD individualmente, 2,2 veces (95% Cl: 1,2-4,2).

Conclusiones: utilizar el SAD junto a indices tradicionales de obesidad (WC y BMI) tiene ventajas sobre su uso individual. EI SAD puede ser una
poderosa herramienta de tamizaje para intervenciones en individuos de alto riesgo.
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INTRODUCTION

Metabolic syndrome is a cluster of cardio-metabolic risk fac-
tors such as insulin resistance, hypertension, and lipid abnor-
malities most often occurring in overweight and obese subjects.
Metabolic syndrome can favor the development of cardiovascular
diseases and diabetes. Additionally, cardiovascular diseases and
diabetes are the leading causes of death worldwide (1,2). The
amount of visceral adipose tissue is a clinically relevant body
fat marker related to insulin resistance, diabetes, hyperlipidemia,
and atherosclerosis. The gold standard for measurement of vis-
ceral adipose tissue is computed tomography, dual-energy x-ray
absorptiometry, or magnetic resonance imaging. However, these
tests are expensive and impractical for primary care and pre-
ventive medicine; furthermore, they involve radiation exposure
and hence are a health hazard (3,4). Therefore, other useful indi-
cators of excess visceral adipose tissue deposits, such as waist
circumference (WC) and sagittal abdominal diameter (SAD), have
been considered (5-7).

WC is used for detecting abdominal obesity and predicting
cardiovascular risk (8-10). SAD, meanwhile, has been suggested
as a screening tool for insulin resistance, dysglycemia, diabetes,
and hypertension in American, Asian, and European popula-
tions; and relevant literature utilizes several SAD cut-off values
either in supine (11-14) or standing position (15). Nonetheless,
the accuracy of classification using SAD can be influenced by the
choice of thresholds values, which might differ according to eth-
nic group, age, and sex. It is important to identify individuals at
particularly high risk for metabolic syndrome in order to prevent
cardiovascular disease, and because SAD thresholds values
have not been established in the Mexican population, our study
aimed to determine: a) the SAD threshold values for detecting
cardio-metabolic risk factors (hypertension, dysglycemia, dyslipi-
demia, insulin resistance, and metabolic syndrome) with the most
acceptable accuracy (combination of sensitivity and specificity); b)
the extent to which parallel and serial SAD testing could improve
WC sensitivity and specificity; and c) finally, we assessed the
effect of considering SAD along with WC and body mass index
(BMI) for detecting cardio-metabolic risk factors.

MATERIAL AND METHODS

This descriptive, cross-sectional study was conducted from
2012 to 2014 in northeast urban Mexico. Participants were
employees between 20 and 60 years of age from the health
care sector (107 men and 162 women). They were receiving
routine annual worksite health-promotion care, which consisted
of screening and monitoring of obesity, diabetes, heart disease,
and cancer, among other disorders. The only selection criteria
were no pregnancy or lactation. In men, the sample size was suf-
ficient for establishing 71% sensitivity (averaged value of the five
cardio-metabolic risk factors under study: hypertension, dysgly-
cemia, insulin resistance, dyslipidemia, metabolic syndrome) with
95% confidence and 15% degree of precision; given averaged
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prevalence of 35%. In women, the sample size was sufficient
for establishing 65% sensitivity (averaged value of the five car-
dio-metabolic risk factors under study) with 95% confidence and
13% degree of precision; given averaged prevalence of 30% (16).
Approval was obtained from the Research Ethics Committee. Writ-
ten informed consent was obtained from each participant.

A self-administered questionnaire was used to collect infor-
mation on family and personal history of hypertension (yes or
no), diabetes (yes or no), and dyslipidemia (yes or no); smoking
status (never, quit smoking, or current smoker); alcohol consump-
tion (never, sometimes, or usually); history of routine programmed
exercise activity for a minimum of 20 min, 3 times a week (never,
sometimes, or usually); and age, marital status, education, and
job category. The methods for anthropometric, clinical, and bio-
chemical measurements are described below.

ANTHROPOMETRIC MEASUREMENTS

Individuals were weighed to the nearest 0.1 kg, and their height
was measured to the nearest 0.5 cm using an electronic scale
with a stadiometer while wearing no shoes and light clothing.
SAD was measured to the nearest 0.1 cm using a modified
anthropometer: the curved arm was replaced by an even arm
in order to comfortably position it under the subjects’ back in
supine position (Lafayette Instrument Company, Lafayette, IN,
USA) after normal expiration in supine position, with knees bent
on a firm examination table and without any clothes surrounding
the measurement area. Abdominal height was obtained at the
level of the iliac crest (L4-5), allowing the anthropometer arm to
touch the abdomen slightly but without compression. WC was
measured with the participant wearing only underwear and by
using a non-stretchable tape after normal expiration in a standing
position, midway between the most caudal part of the lateral cos-
tal arch and the iliac crest. Elevated WC was defined as a WC >
102 cm for men and > 88 cm for women (17). BMI was calculated
as body weight (kg)/height squared (m?), and then categorized
according to the following World Health Organization categories:
underweight (< 18.5 m/kg?, normal weight (18.5-24.9 m/kg?),
overweight (25.0-29.9 m/kg?), and obese (> 30.0 m/kg?). Proper
adjustment was made for individuals of short stature (women
< 1.50 m, men < 1.60 m): overweight, 23.0-24.9 m/kg? and
obese, > 25.0 m/kg? (18,19). Two research interns collected the
data; they were standardized and subject to periodic supervision
for verifying adherence to stipulated procedures. Every anthropo-
metric and clinical measurement was obtained in triplicates, and
the mean value was used in further analyses.

CLINICAL AND BIOCHEMICAL
MEASUREMENTS

Blood pressure was measured after a 5-min rest in a sitting

position using indirect auscultation with a calibrated sphyg-
momanometer (Tycos Classic Hand Aneroids, Welch Allyn Inc,
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Skaneateles Falls, NY, USA); systolic and diastolic blood pressures
were defined as Korotkoff phases 1 and 5, respectively. Hyper-
tension was self-reported or defined as measured systolic blood
pressure of > 140 mmHg and/or diastolic blood pressure of > 90
mmHg. Blood samples were obtained to measure fasting plasma
glucose, serum lipids (high-density lipoprotein [HDL]-cholesterol
and triglycerides), and serum insulin levels. Blood was drawn
under standardized conditions after fasting for 10-14 hours, and
samples were collected using a vacuum system (Vacutainer®, BD,
Franklin Lakes, NJ, USA). Laboratory analysis was done on the day
of sampling, except for insulin; samples were maintained at -20
°C until quantitative determination of insulin was performed using
an enzyme-linked immunosorbent assay (insulin ELISA, ALPCO
Immunoassays; Salem, NH, USA). Dysglycemia was defined as the
self-reported presence of diabetes or measured fasting plasma
glucose level > 100 mg/dL, and dyslipidemia was defined as
self-reported or measured triglyceride levels > 150 mg/dL or
HDL-cholesterol level < 40 mg/dL in men and < 50 mg/dL in
women. Insulin resistance, as per the Homeostasis Model Assess-
ment index, having a cut-off point of 2.5, was calculated with the
following formula: fasting insulinemia (UU/mL) x fasting glycemia
(mg/dL)/405 (20). The presence of metabolic syndrome was con-
firmed if > 3 of the following criteria were met: WC > 102 cm in
men and > 88 cm in women,; triglyceride level > 150 mg/dL;
HDL-cholesterol level < 40 mg/dL in men and < 50 mg/dL in
women; systolic blood pressure > 130 mmHg and/or diastolic
blood pressure > 85 mmHg or self-reported hypertension; and
fasting plasma glucose level > 100 mg/dL or self-reported dia-
betes (2). Blood samples were processed using automated clin-
ical chemistry equipment following the guidelines of the clinical
laboratory quality standards.

STATISTICAL ANALYSIS

Categorical variables were compared using the Chi-squared
test, and continuous variables were compared using Student’s
t-test. Determination of SAD threshold values was based on
sex-adjusted receiver operating characteristic (ROC) curves and
area under the curve (AUC) using hypertension, dysglycemia, dys-
lipidemia and insulin resistance as individual outcomes and meta-
bolic syndrome as a composite outcome. Rationale for choosing
these outcomes lied in their well documented association with
visceral adiposity (7,21) and also because of their importance
for preventing cardiovascular disease (22). Screening tests can
be offered at the same time (parallel testing) or sequentially (ser-
ial testing); therefore, the accuracy of WC and SAD were tested
using both approaches. Parallel testing consisted of WC and SAD
performed simultaneously and disease individuals were defined
as those who tested positive by either one test or by both tests.
Sequential testing was a two-stage screening that required a SAD
test only when the result of the WC test was positive; disease
individuals were defined as those who tested positive by both
tests (23). Serial and parallel performance characteristics were
examined using EPIDAT® (24). The effect of combining a high
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WC or high BMI with a high SAD on detection of cardio-meta-
bolic risk factors was assessed using odds ratios (OR) and 95%
confidence intervals (Cl). For this, unconditional binary logistic
regression was conducted using the anthropometric measure
as the independent variable, age and BMI as control variables,
and the cardio-metabolic risk factor as the dependent variable.
Only one anthropometric measure was entered at a time because
of the strong and significant correlation between SAD and WC (r
=0.57, p < 0.0001), SAD and BMI (r = 0.79; p < 0.0001), and
WC and BMI (r = 0.63, p < 0.0001).

RESULTS

The mean age of the subjects was 42.9 =+ 9.6 years. Of all
subjects, 60.2% were women and 63.9% were married. With
respect to the educational level, 13.1% completed middle school,
50.9% were undergraduates and 36% were graduates. According
to job category, 36.1% were professionals or managers. In terms
of associated conditions, 10% self-reported diabetes, 12.3% had
hypertension, and 9.3% had dyslipidemia. Further, 17.8% usually
consumed alcohol, 20.1% smoked tobacco, and 59% did not
exercise regularly. Fifty-eight percent of the subjects had at least
one family member with hypertension; 51.7%, with diabetes; and
24.8%, with high cholesterol level. Male and female subjects were
of similar age (42.4 +10.2 vs. 43.2 + 9.2 years, p > 0.05), and
had comparable nutritional status and prevalence of dysglycemia,
insulin resistance, dyslipidemia, and metabolic syndrome (p >
0.05). Nonetheless, the WC, SAD, and hypertension frequency
differed between men and women (p < 0.05) (Table ).

SAD THRESHOLD VALUES FOR CARDIO-
METABOLIC RISK FACTORS

In men, a SAD threshold value of 24.6 cm resulted with the
best combination of sensitivity and specificity for metabolic syn-
drome (79% and 66%, respectively) (Fig. 1A), and resulted with
acceptable combination of sensitivity and specificity for individual
outcomes (Table Il). In women, the SAD threshold value of 22.5
cm also offered the best combination of sensitivity and specificity
for metabolic syndrome (67% and 70%, respectively) (Fig. 1B),
and acceptable combination for individual outcomes (Table II).

WC SENSITIVITY AND SPECIFICITY WITH
PARALLEL AND SERIAL SAD TESTING

Sixty-five percent of the population had SAD or WC values
greater than the identified cut-off values, while 43.1% had both
values greater than the identified values. Broadly speaking, a high
WC in parallel with a high SAD improved WC sensitivity: the high-
est improvement was seen for dysglycemia in men (+10.0%); as
expected, every specificity value decreased. Importantly, serial
testing improved WC specificity (Table 1I).
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Table I. Clinical profile of men and women in the study population
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Men Women p value
Body mass index (kg/m?) 30.1£5.1 29.9+54 NS
Nutritional category:
Underweight 0.60% (n = 1/162)
Normal 14.0% (n = 15/107) 16.0% (n = 26/162) NS
Overweight 41.1% (n = 44/107) 35.2% (n = 57/162)
Obesity 44.9% (n = 48/107) 48.1% (n = 78/162)
Waist circumference (cm) 1025+11.9 935+124 0.0001
Sagittal abdominal diameter (cm) 247 x4 221 +39 0.0001
Hypertension 31.8% (n = 34/107) 19.1% (n = 31/162) 0.018
Dysglycemia 37.4% (n = 40/107) 28.4% (n = 46/162) NS
Insulin resistance 47.1% (n = 41/87) 42% (n = 47/112) NS
Dyslipidemia 63.6% (n = 68/107) 66.7% (n = 108/162) NS
Metabolic syndrome 36.4% (n = 39/107) 43.2% (n = 70/162) NS

NS: non-significant (p > 0.05).

Table Il. Waist circumference (WC) sensitivity and specificity in parallel and serial sagittal
abdominal diameter (SAD) testing for detection of cardio-metabolic risk factors

Sensitivity (specificity)

Prevalence Hypertension % | Dysglycemia % | Insulin resistance % |  Dyslipidemia %
Men

WC (> 102 cm) 50.5% (n = 54/107) 79.4 (63.0) 60.0 (55.2) 70.7 (60.9) 54.4 (56.4)

SAD (> 24.6 cm) 50.5% (n = 54/107) 73.5(60.2) 62.5 (56.7) 63.4 (63.0) 55.9 (69.0)

WC or SAD? 57.9% (n = 62/107) 82.3 (53.4) 70.0 (49.2) 73.2 (54.3) 63.2 (51.3)

WC and SAD® 43.0% (n = 46/107) 70.5 (69.9) 52.5 (62.6) 60.9 (69.5) 47.0 (64.1)
WC sensitivity improvement? +2.9 +10.0 +2.5 +8.8
WC specificity improvement® +6.8 +7.4 +8.6 +7.7

Women

WC (> 88 cm) 67.3% (n=109/162) 83.8 (36.6) 82.6 (38.7) 78.7 (38.5) 74.1 (46.3)

SAD (> 22.5 cm) 45.7% (n = 74/162) 64.5 (58.7) 63.0 (61.2) 61.7 (61.5) 53.7 (70.4)

WG or SAD? 69.8% (n = 113/162) 87.0 (34.3) 84.8 (36.2) 78.7 (36.9) 75.9 (42.6)

WC and SAD® 43.2% (n = 70/162) 61.3(61.0) 60.9 (63.7) 61.7 (63.0) 51.9 (74.0)
WC sensitivity improvement? + 3.2 + 2.2 0.0 +1.8
WC specificity improvement® +24.4 + 25 +24.5 +27.7

Parallel testing: A result is considered as positive if the person tests positive to either WC or SAD. *Serial testing: A result is considered as positive if the person tests

positive to both WC and SAD.

SAD ALONG WITH WC OR BMI FOR

DETECTION OF CARDIO-METABOLIC RISK

FACTORS

Individuals with SAD values greater than the cut-off value
were older than those with SAD values within the cut-off value

(44.6 £ 8.9 vs. 41.4 = 9.9 years, p < 0.0001). They were also
more likely to have lower education levels (18.3% vs. 8.6%, p =
0.03) and not exercise regularly (48.6% vs. 32.8%, p < 0.01).
SAD alone increased the probability of detecting any cardio-meta-
bolic risk factor. The co-occurrence of high WC and high SAD
slightly increased the risk for detecting cardio-metabolic risk fac-
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tors, while the combination of high BMI and high SAD increased
the risk for hypertension by 4.0-fold (95% CI: 1.3, 12.3) and that
for insulin resistance by 4.3-fold (95% CI 1.7, 11.9) (Table Ill).

DISCUSSION

To our knowledge, this is the first report on SAD threshold val-
ues for detection of cardio-metabolic risk factors in the Mexican

population in northeast urban Mexico. We found that 24.6 cm
for men and 22.5 cm for women were suitable threshold val-
ues for detecting hypertension, dysglycemia, dyslipidemia, insulin
resistance, or metabolic syndrome, with acceptable combination
of sensitivity and specificity. The issue of maintaining the same
cut-off for all endpoints without giving up validity was a matter of
great concern because of its practicability and potential extended
benefits. While the main reason for analyzing detection of separate
components of the metabolic syndrome was the opportunity of

Table Ill. Sagittal abdominal diameter (SAD), waist circumference (WC), and body mass
index (BMI) in detection of cardio-metabolic risk factors

Cardio-metabolic risk factor
Measure Prevalence Hypertension | Dysglycemia | Insulin resistance | Dyslipidemia | Metabolic syndrome ¢
Age-adjusted odds ratios (95% confidence interval)
47.6%
SAD= . 2.6 (1.4-5.1) 1.9 (1.1-3.4) 2.2 (1.2-4.2) 1.7 (1.0-3.1)f 3.8 (2.2-6.8)
(n =128/269)
60.6%
WCb . 3.3(1.5-7.1) 1.6 (0.8-3.0) 2.1 (1.03-4.4) 1.4 (0.80-2.6)
(n =163/269)
84.4%
BMI¢ ° 2.9 (1.0-8.5) 2.6 (1.03-6.7) 3.3(1.3-8.1) 2.8(1.4-5.5) 10.0 (3.0-33.7)
(n = 227/269)
65.1%
WC or SAD?* . 3.4 (1.5-7.9) 2.0 (1.01-3.9y 1.9 (0.9-3.9) 1.5(0.8-2.8)
(n =175/269)
43.1%
WC and SAD#* ° 3.4 (1.5-8.0) 2.1(1.01-4.4) 2.4 (1.1-5.3) 1.9 (1.0-3.8)
(n =116/269)
47.2%
BMI and SAD! . 4.0 (1.3-12.3) 3.3(1.3-8.8) 43 (1.7-11.97 3.4 (1.6-7.4) 17.2 (5.0-59.2)
(n=127/269)

aCut-off value > 24.6 cm in men and > 22.5 cm in women; reference group SAD is within limits; *Cut-off value > 102 cm in men and > 88cm in women; reference
group WC is within limits; Cut-off value > 25 kg/m? (= 23 kg/n¥ in short-stature individuals); reference group BMI is within limits; ‘Reference group WC and SAD are
within limits, °Reference group WC and SAD are within limits; individuals with the combination SAD+ WC- or SAD- WC+ were excluded from this estimation (21.9%);
'Reference group BMI and SAD are within limits; individuals with the combination SAD+ BMI- or SAD+ BMI+ were excluded from this estimation (37.5%); 9Because
WC is a criterion for metabolic syndrome, odd ratios were not computed for WC and combination of WC and/or SAD. "p < 0.05; 'p = 0.06; *adjusted by BMI.

[Nutr Hosp 2016;33(3):609-615]




614

early stage treatment before installation of the complete syndrome
(22,25).

SAD cut-off values differ among countries. In Brasil, Vasques
et al. (14) found that 21.0 cm was the optimal cut-off for screen-
ing insulin resistance in women, with 70% sensitivity and 70.4%
specificity. In Sweden, Riserus et al. (13) found that 22.2 cm
in men and 20.1 cm in women were ideal threshold values for
cardio-metabolic risk (no data on sensitivity and specificity are
available). In Finland, Pajunen et al. (11) identified 23.5 cm in
men and women as the upper quartile limit for predicting diabetes.
In the USA, Kahn et al. (12) showed that 25.3 cm in men and
24.4 cm in women were the upper quartile limits for detecting
dysglycemia, whereas Iribarren et al. (15) showed that 26.9 cm
in men and 25.7 cm in women predicted coronary heart disease,
even though they measured SAD in a standing position. The cut-
off values clearly differ across studies, highlighting the importance
of validating best possible thresholds values before generalizing
their utilization. For example, if we applied the American 26.9 cm
cut-off value for dysglycemia, the sensitivity would decrease from
62.5% to 42.5% in men, and if we applied the Swedish 22.2 cm
cut-off value for dysglycemia again, the sensitivity would increase
t0 82.5%. These variations can be explained by the method used
to calculate the cut-off values, i.e., ROC curves or upper quartiles,
as well as the age of population. Thus, it is important to conduct
multi-centric studies to determine a useful universal threshold
value or apply appropriate correction before using SAD measure-
ments for specific populations, as is done for WC (26).

WC and BMI are very practical and widely used measurements.
Thus, we determined the effect of considering SAD along with
WC or BMI for the detection of cardio-metabolic risk factors. We
found that a high SAD alone increased the risk of hypertension,
dysglycemia, and insulin resistance by more that 2-fold and the
risk of metabolic syndrome by almost 4-fold. The co-occurrence
of high SAD and high BMI increased the risk of dysglycemia by
3-fold. This finding is in line with a study in Finland, which showed
that SAD was associated with diabetes after a mean follow-up
of 8.1 years. Comparisons between the highest and the lowest
quartiles yielded a relative risk of 14.7 for SAD alone (95% Cl: 6.9-
31.2) and the co-occurrence of high SAD and high BMI yielded a
relative risk of 37.0 (95% CI: 11.2-122) (11). Another longitudinal
study with a median follow-up period of 12 years showed that a
high SAD together with a high BMI indicated the risk of coronary
heart disease better than that with the use of high BMI alone
(15). In addition, several studies have assessed whether SAD
adds value to WC. Mukuddem-Petersen et al. (27) reported that
SAD had no advantages over WC in detecting components of the
metabolic syndrome, while Pajunen et al. (11) showed that for
predicting diabetes incidence, a high SAD and high WC together
yielded a relative risk of 18.9 (95% Cl: 7.2-49.2) as compared to
low SAD and normal WC alone. We found the co-occurrence of
high SAD and high WC increased the risk of dysglycemia by 2-fold.
Finally, we determined to what extent a given WC sensitivity could
be improved if SAD is applied in parallel, and we found a slight
further improvement in this effect. Conversely, WC showed large
improvements in specificity with SAD serial testing. Arguments

F. J. Guzman de la Garza et al.

in favor of selecting a high sensitivity test are that it can detect
a lethal and treatable disease or a disease that spreads easily;
arguments in favor of a high specificity test are its low cost or
invasiveness. Considering these issues, we believe that SAD is
useful for detecting cardio-metabolic risk factors in parallel with
WC in a clinical setting. However, a high specificity test for popu-
lation screening is necessary, for which we recommend serial
testing instead of parallel testing.

Despite our important findings, our study has a few limita-
tions that need to be considered. First, our study population was
predominantly middle aged. Thus, the standard anthropometric
data did not accurately account for changes in body compos-
ition and fat distribution in the elderly, as aging is associated
with an increase in fat mass and decrease in height, lean tissue,
and muscle mass (28,29). As such, Kahn et al. (30) reported
a tendency to larger SAD with increasing age. Therefore, this
should be considered when generalizing threshold values and
cardio-metabolic increased risk from young to older adults. We
recognize a population-based study would have been the ideal
study design but this was not feasible. Nevertheless, we believe
our study population typifies the Mexican population in terms of
self-reported co-morbidity. The 2012 National Survey (31) showed
16.6% prevalence of self-reported hypertension (in our study it
was 12.3%), 9.2% prevalence of self-reported diabetes (in our
study, 10%); and 13.0% prevalence of self-reported abnormal
cholesterol (in our study, 9.3%). However, results for SAD thresh-
old values should be cautiously interpreted because of the high
prevalence of overweight and obesity. The National survey already
mentioned revealed 73% of Mexican adult men and 69% of Mex-
ican adult women were overweight or obese (in our study they
were 86% and 83.3%, respectively). USA has a similar situation:
the National Health and Nutrition Examination Survey 2011-2012
showed that the prevalence of overweight and obesity was 71.3%
in North American adult men, 65.8% in North American adult
women, 78.6% in Hispanic adult men, and 77.2% in Hispanic
adult women (32). Therefore, future studies should address the
validity of the identified cut-off values in populations with a lower
occurrence of obesity. For the time being, we consider identified
cut-off values are useful for selective screening of overweight
and obese populations. Apart from the limitations, our study also
had several strengths: the anthropometric measurements were
performed by trained personnel who used a systematic protocol,
and outcome definitions did not rely on only self-report but also on
laboratory tests, which were performed when the subjects agreed
to participate in the study.

CONCLUSIONS

In summary, we identified SAD threshold values with accept-
able sensitivity and specificity for detection of cardio-metabolic
risk factors in Mexican adults in northeast urban Mexico. SAD
was strongly associated with cardio-metabolic risk factors. We
found that using SAD together with traditional obesity indices
such as WC and BMI has advantages over using these indices
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alone. Future longitudinal studies should be conducted to confirm
our findings. Thus, SAD may be used as a potential indicator for
cardiovascular disease and could be a powerful screening tool in
interventions for high-risk individuals at individual and population
levels.
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Resumen

Introduccion: la categorizacion del estado nutricional a través del indice de masa corporal (IMC) es uno de los recursos de valoracion clinica mas
utilizados en el sindrome metabdlico (SM). Sin embargo, es desconocida su capacidad para identificar las diferencias en la composicion corporal.

Objetivo: determinar si las variaciones en el estado nutricional se reflejan en la composicion corporal en mujeres con SM e identificar la con-
cordancia de clasificacion del riesgo cardiometabdlico entre el estado nutricional e indices antropométricos.

Material y métodos: la muestra incluyé 136 muijeres (edad 42 + 3,5 afios) con SM. Se evalud el estado nutricional, masa muscular, masa
adiposa, perimetro de cintura (PC), indice cintura-cadera (ICC) e indice cintura-estatura (ICE). Se compararon los valores de composicion corporal
e indices antropométricos; adicionalmente se determind la concordancia clasificatoria del riesgo cardiometabdlico entre los indices y el IMC.

Palab lave:
alabras clave Resultados: solo la edad (p = 0,358), estatura (p = 0,209) y porcentaje de adiposidad (p = 0,234) no mostraron diferencias significativas entre los

Estado nutricional. grupos. La mejor concordancia clasificatoria del riesgo cardiometabdlico se observo en el PC > 88 cm (94,9%) e ICE > 0,5 (94,1%) al categorizar

Indice de el IMC en normopeso vs. exceso de peso; mientras que el PC > 88 cm obtuvo mejor concordancia separando al grupo en normopeso-sobrepeso

g:;%g;rggr’]a' vs. obesidad (85,3%), aunque la sensibilidad y especificidad fueron méas homogéneas con el ICC > 0,85.

corporal. Sindrome Conclusion: el IMC no logra identificar las variaciones de la adiposidad corporal en mujeres con SM agrupadas segun su estado nutricional. El IMC

metabolico X. presenta mejor sensibilidad que especificidad respecto a los indices considerados para determinar riesgo cardiometabdlico en mujeres con SM.
Abstract

Introduction: The categorization of nutritional status by the body mass index (BMI) is one of the most used clinical assessment method in patients
with metabolic syndrome (MS). The utility to identify differences in body composition to determine changes in nutritional status that are reflected
in the variables of body composition in women with MS is unknown.

Objetive: To determine whether variations on nutritional status are associated with body composition parameters in women with metabolic syn-
drome, and to identify the level of agreement between nutritional status and health anthropometric indices in cardiometabolic risk classification.

Material and methods: Nutritional status, muscle mass, fat mass, waist circumference (PC), waist-hip ratio (WHR) and waist-height index (ICE)
were assessed in 136 women with SM (age 42 + 3.5 years). Body composition and anthropometric indices were compared. In addition, the
agreement between the risk of metabolic syndrome and BMI was determined.

Results: There were no significant differences between groups in age (p = 0.358), height (p = 0.209) and percentage of adiposity (p = 0.234).

Key words: The best agreement of cardiometabolic risk was observed between PC > 88 cm (94.9%) and ICE > 0.5 (94.9%) when BMI is dichotomized as

- normal weight and overweight; while, the PC > 88 cm (85.3%) showed better agreement when BMI is grouped as normal weight versus overweight
ggg)'/t'r%”az':i?g;i' and obesity. The percentages of agreement were more homogeneous with the ICC > 0.85.

Body composition. Conclusion: The BMI does not identify changes in body fat in women with MS when they are grouped using nutritional status. BMI has better
Metabolic syndrome X. sensitivity than specificity respect to the indices considered in determining cardiometabolic risk in women with MS.
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SINDROME METABOLICO

INTRODUCCION

El sindrome metabdlico (SM) es una condicidn enddgena que
incrementa la probabilidad de desarrollar enfermedades de indole
hepdtico, cardiovascular y metabdlico (1), cuya prevalencia a nivel
mundial se ha incrementado de forma importante durante las
ultimas décadas (2,3).

Si bien existen diferentes criterios diagndsticos del SM, global-
mente estos identifican como elemento fisiopatoldgico central a la
obesidad abdominal (visceral) como el principal responsable del
incremento de la prevalencia de este sindrome, con el consecuen-
te desarrollo de enfermedades cardiometabdlicas en las perso-
nas (4). Es en este contexto donde toman relevancia los métodos
de evaluacion e identificacion de la obesidad central en personas
con SM, destacando entre ellos el uso del indice de masa corporal
(IMC), el perimetro de cintura (PC) e indice cintura-cadera (ICC),
cuya seleccion y uso es dependiente de cada criterio (5).

De acuerdo a los recursos de evaluacion presentados anterior-
mente, el IMC es uno de los mas utilizados en la practica clinica
(6-8). Sin embargo, ha sido sometido a cuestionamiento como
herramienta diagndstica del estado nutricional, por cuanto se indica
que probablemente no seria capaz de orientar con claridad sobre el
exceso de tejido adiposo en las personas, y Su consecuente aso-
ciacion con la morbilidad (9,10). Adicionalmente, se ha demostrado
(ue existe otro recurso antropométrico, el perimetro de cintura, que
seria mejor predictor del SM en comparacion al IMC (11), a lo cual
se suma la consideracion de algunos investigadores respecto a la
mejor capacidad de otras herramientas de analisis morfologicos en
la pesquisa tanto de la grasa visceral abdominal (12) como de los
factores de riesgo cardiometabalico (13).

En este sentido, la clarificacion del valor estimativo del IMC respecto
al contenido de masa adiposa en una persona con SM es de suma
importancia para los profesionales de la salud, dado que el exceso de
tejido adiposo podria ser causante de las condiciones de comorbilidad
cardiometabdlicas sefialadas previamente (14), por lo que la necesidad
de contar con un nivel de certeza respecto a la concordancia entre
la valoracion morfoldgica identificada por el IMC y el exceso de adi-
posidad es imperiosa para la evaluacion pre-intervencion nutricional
y/0 actividad fisica y posterior control en personas con este sindrome.

OBJETIVO

Segun los antecedentes aportados, el presente estudio tiene
como objetivo principal determinar si las variaciones en el estado
nutricional se reflejan en las variables de la composicion corporal
en mujeres con SMy, secundariamente, identificar la concordan-
cia de clasificacion del riesgo metabdlico entre el estado nutricio-
nal y los indices antropométricos.

MATERIAL Y METODOS

El tipo de investigacion contempla un disefio no experimental,
descriptivo, transversal, con un enfoque cuantitativo.

[Nutr Hosp 2016;33(3):616-622]

SUJETOS

La poblacion esta constituida por todas las mujeres adultas
diagnosticadas con sindrome metabdlico, de acuerdo a los cri-
terios propuestos por la Federacion Internacional de Diabetes
(IDF) (15), que pertenecian a un centro de atencion primaria del
sistema de salud publico en Santiago de Chile. Adicionalmente
debian ser fisicamente inactivas de acuerdo a los criterios del
Colegio Americano de Medicina del Deporte (ACSM) (16). La
muestra fue seleccionada bajo un criterio no probabilistico, que
incluyd 136 mujeres, con una media de edad de 42 + 3,5 afios,
estatura de 1,59 + 0,12 m, peso corporal de 72 + 7 kg y un IMC
de 31,48 + 4,98 kg/m?.

El proceso de seleccion se llevo a cabo inicialmente median-
te contacto telefonico con las mujeres, para posteriormente ser
incorporadas en forma definitiva al estudio, luego de aprobar su
participacion a través de la firma de un consentimiento informado
en donde se detallaron los beneficios y l0s riesgos de su partici-
pacion. En cuanto a los criterios de exclusion, estos consistieron
en presentar algunas de las siguientes condiciones: a) afeccion
de la piel que impidiese llevar a cabo la evaluacion antropomé-
trica; b) malformacion o amputacion de miembros que impidie-
se utilizar las ecuaciones antropométricas de estimacion de la
composicion corporal, y ¢) patologia de base que no estuviese
considerada dentro de los criterios diagndsticos utilizados en el
SM. Los protocolos de evaluacion y tratamiento de datos fueron
previamente revisados y aprobados por el Comité de Bioética de
la Universidad de Playa Ancha de Valparaiso, Chile (Codigo de
proyecto: 004/2015), acorde a la Declaracion de Helsinki. De igual
forma, se contd con la autorizacion y aprobacion de la direccion
del centro de salud en donde se llevaron a cabo las evaluaciones.

ANTROPOMETRIA

El proceso de evaluacion y recoleccion de datos se realizd en
el centro de atencion publico de salud en donde se atendia a las
mujeres evaluadas. La medicion de las variables antropométri-
cas y las caracteristicas de los materiales utilizados fueron los
siguientes: peso corporal total, utilizando balanza electronica por-
tatil (Seca 769, Alemania; precision 0,1 kg); la estatura se midié a
través de un estadiometro portatil (Seca 217, Alemania; precision
0,1 cmy); los pliegues cutaneos: bicipital, tricipital, subescapular,
cresta iliaca, supraespinal, abdominal, muslo y pantorrilla, con
plicometro (Slime Guide, Rosscraft, Canada; precision 0,5 mm);
y los perimetros corporales: brazo relajado, antebrazo, torax, cin-
tura, cadera, muslo medio y pantorrilla, con cinta antropométrica
(Rosscraft, Canada; precision 0,1 cm). Todas las evaluaciones
fueron realizadas por evaluadores con nivel 2 y 3 de la Sociedad
Internacional para Avances de la Cineantropometria (ISAK).

El estado nutricional fue determinado mediante el uso del IMC,
de acuerdo a la propuesta de Adolph Quetelet (17) (pesolkg]/altu-
ra’[m]), utilizando la clasificacion de normopeso (NP), sobrepeso
(SP) y obesidad (OB) para mujeres adultas segun la Organizacion
Mundial de la Salud (OMS) (18).
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Respecto a la identificacion de la composicion corporal, esta se
realizo a través de la estimacion de las masas adiposa y muscular
(relativos y absolutos), seguin el método de fraccionamiento penta-
compartimental de Kerr (19). La evaluacion del perimetro de cinturay
determinacion del indice cintura-cadera (PC/Perimetro de cadera) se
llevaron a cabo de acuerdo a las recomendaciones de la OMS (20);
mientras que el indice cintura-estatura (ICE) fue determinado por PC/
Estatura (con igual unidad de medida para ambas variables). Para la
categorizacion del riesgo metabolico a través del uso de las variables
antropométricas de PC e indice cintura-cadera (ICC) se consideraron
los criterios propuestos por la OMS (20) y por Koch y cols. (21). PC:
a) > 80 cm, para riesgo incrementado (20); b) > 88 cm, para riesgo
sustancialmente incrementado (20); y ¢) = 87,7 cm (21). ICC: a) >
0,85, para riesgo sustancialmente incrementado (20); y b) > 0,84
(21). Para el ICE se considerd como valor de riesgo tanto la propuesta
de Browning y cols. (6), > 0,5, como la de Koch'y cols. (21), > 0,55.

ANALISIS ESTADISTICO

Para el analisis descriptivo se utilizd promedio y desviacion
estandar. Todas las variables fueron sometidas a la prueba de
normalidad de Shapiro-Wilk. Para la comparacion de las varia-
bles entre grupos de estado nutricional se aplico el andlisis de
varianza ANOVA a una via y el test de comparaciones multiples de
Scheffé como post hoc. EI IMC fue dicotomizado de dos formas:
en primera instancia se consideraron las categorias de normal y
sobrepeso/obesidad, mientras que la segunda modalidad impli-
0 agrupar el normopeso con el sobrepeso, dejando aparte al

A. Lopez-Fuenzalida et al.

grupo de obesidad. Las variables perimetro de cintura, indice
cintura-cadera, indice cintura-estatura y estado nutricional fueron
dicotomizadas (normal/riesgo), de acuerdo a los criterios descritos
con anterioridad. Posteriormente se determiné el nivel de concor-
dancia de clasificacion entre el PC, ICC e ICE utilizando el estado
nutricional como variable de referencia. Para todos los casos se
considerd un resultado estadisticamente significativo un p < 0,05.

RESULTADOS

La tabla | exhibe las caracteristicas antropométricas prome-
dio de las muijeres chilenas evaluadas con sindrome metabdlico,
alcanzando un PC de 88,8 + 6,1 cm, adiposidad de 34,9 +
4,3%, masa muscular de 43,6 = 2,5%, indice cintura-cadera de
0,84 + 0,04 e indice cintura-estatura de 0,55 + 0,04. Ademas,
se encontraron diferencias significativas en todas las variables
estudiadas, excepto en edad, talla y porcentaje de adiposidad, al
relacionarlas con las clasificaciones de estado nutricional.

La tabla Il presenta los valores de sensibilidad y especificidad
de acuerdo al estado nutricional categorizado como normopeso
frente al sobrepeso/obesidad de las mujeres chilenas evalua-
das con sindrome metabdlico. Los resultados muestran una baja
capacidad de deteccion de riesgo cardiometabolico por parte
del IMC de mujeres con normopeso y con sindrome metabdlico
cuando estas son clasificadas sin riesgo de acuerdo a los indices
antropométricos. Adicionalmente, se observa que el IMC logra un
mayor porcentaje de concordancia en la clasificacion del riesgo
cardiometabdlico con el ICE y el PC (para “riesgo incrementado”,

Tabla I. Caracteristicas antropomeétricas (media y desviacion estandar) segun el estado
nutricional de mujeres chilenas con sindrome metabdlico

Datos Normopeso (n =9) Sobrepeso (n = 45) Obesidad (n = 82) valor p*
Edad (afios) 43,3 (2,7) 41,4 (3,6) 41,3 (4,1) 0,358
Peso (kg) 58,8 (5,2) 70,6 (5,4) 87,0 (10,3) 0,000
Estatura (m) 1,60 (0,04) 1,60 (0,03) 1,58 (0,05) 0,209
indice de masa corporal (kg/m?) 22,93 (1,97) 27,49 (1,60) 34,61 (3,56) 0,000
Perfmetro de cintura (cm) 77,5 (6,7) 87,6 (4,9 101,4 (6,7) 0,000
Sumatoria adiposidad (mm) 104,1 (18,6) 134,2 (21,5) 169,7 (25,2) 0,000
Z-score adiposidad -0,16 (0,5) 0,76 (0,68) 1,90 (0,85) 0,000
Adiposidad (kg) 20,5 (3,1) 25,0 (3,2) 29,6 (3,8) 0,000
Adiposidad (%) 35,0 (4,9) 35,5 (4,1) 34,2 (3,9 0,234
Z-score masa muscular 1,2 (0,6) 2,3(0,5) 3,9(1,0) 0,000
Masa muscular (kg) 26,0 (1,5) 30,1 (2,8) 37,0 (4,7) 0,000
Masa muscular (%) 44,4 (2,6) 43,8 (2,5) 42,5 (2,4) 0,005
indice cintura-cadera 0,81 (0,06) 0,84 (0,04) 0,88 (0,03) 0,000
indice cintura-estatura 0,48 (0,04) 0,54 (0,03) 0,64 (0,04) 0,000

*El valor p corresponde al del analisis de varianza a una via, *la diferencia significativa es entre sobrepeso y obesidad (Scheffé test p = 0,024).
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Tabla Il. Valores de sensibilidad y especificidad de acuerdo al estado nutricional
categorizado como normopeso vs. sobrepeso/obesidad de mujeres chilenas con
sindrome metabdlico

indices antropométricos Sensibilidad (%) Especificidad (%) Correctamente clasificados (%)
*PC >80 cm 97,6 60 94,9
**PC > 88 cm 100 26,5 81,6
***PC > 87,7 cm 99,0 23,5 80,1
**ICC >0,85 96,1 14,7 75,7
***CC > 0,84 95,5 15,4 80,1
***|CE>0,5 97,6 54,5 94,1
**|CE > 0,55 100 34,6 87,5

*Riesgo incrementado (OMS, 2011); **Riesgo sustancialmente incrementado (OMS, 2011); ***Koch y cols., 2008; ****Browning y cols., 2010.

PC: perimetro cintura; ICC: indice cintura-cadera: ICE: indice cintura-estatura.

PC > 80 cm), de acuerdo al criterio de Browning y cols. (6) y
la OMS (20), respectivamente, apreciandose similitud entre los
porcentajes de sensibilidad y especificidad para ambas variables.

La tabla Ill presenta los valores de sensibilidad y especificidad
de acuerdo al estado nutricional categorizado como normopeso/
sobrepeso frente a la obesidad de las mujeres chilenas evaluadas
con sindrome metabdlico, detectando que el IMC no logra identificar
el riesgo en aquellas personas que son clasificadas como normope-
so/sobrepeso a través de los indices antropométricos. Ademas, se
advierte que el IMC logra un porcentaje mas alto de concordancia
de clasificacion con el PC tanto para el criterio de la OMS para
“riesgo sustancialmente incrementado” (PC > 88 cm) (20), como
por la propuesta de Koch y cols. (PC > 87,7 ¢cm) (21). Sin embargo,
la mayor similitud entre los valores de sensibilidad y especificidad
se da con el ICC considerando el criterio de la OMS (20).

DISCUSION

El principal resultado del presente estudio fue que el IMC no
logra identificar las variaciones de la adiposidad corporal en

mujeres con SM agrupadas de acuerdo a su estado nutricional;
mientras que el IMC presenta una mejor sensibilidad que especifi-
cidad respecto a los indices considerados para determinar riesgo
metabdlico en las mujeres con SM.

Como ha sido demostrado previamente (22), la valoracion mor-
foldgica ha sido un recurso ampliamente utilizado en salud, situa-
cion que en parte se debe a la asociacion entre la constitucion
fisica de las personas con la presencia tanto de enfermedades
como de factores de riesgo en desarrollar alteraciones de indole
cardiometabolico (23). Dado lo anterior, es necesario identificar
la capacidad de los diferentes medios de valoracion morfoestruc-
tural, considerando tanto la capacidad diagnostica de los méto-
dos como los elementos de costos y aplicabilidad en diferentes
situaciones clinicas y niveles socioeconomicos. Al respecto, la
antropometria tiene ciertas ventajas sobre los otros métodos, lo
que se refleja no solo por su bajo costo y facilidad de adminis-
tracion, sino también por la capacidad de las variables derivadas
de la evaluacion antropométrica en su poder diagndstico de la
salud de la poblacion (6,13,18,20), lo que permite orientar tanto
al profesional de la salud como al de la actividad fisica hacia un
mejor diagnostico y, consecuentemente, una mejor planificacion

Tabla lll. Valores de sensibilidad y especificidad de acuerdo al estado nutricional
categorizado como normopeso/sobrepeso vs. obesidad de mujeres chilenas con
sindrome metabdlico

indices antropométricos Sensibilidad (%) Especificidad (%) Correctamente clasificados (%)
*PC>80cm 65,1 100 67,6
**PC >88cm 80,4 100 85,3
***PC > 87,7 cm 79,4 97,1 83,8
*CC > 0,85 71,6 73,5 72,1
**ICC > 0,84 70,0 80,8 72,1
***|CE > 0,5 65,6 100 68,4
***|ICE > 0,55 74,5 100 79,4

*Riesgo incrementado (OMS, 2011); **Riesgo sustancialmente incrementado (OMS, 2011); ***Koch y cols., 2008; ****Browning y cols., 2010.

PC: perimetro cintura; ICC: indice cintura-cadera: ICE: indice cintura-estatura.
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de su intervencion clinica. En este contexto la presente investi-
gacion estudid la relacion y concordancia diagndstica entre el
estado nutricional (valorado por el IMC) y la composicion corporal
e indices antropométricos de salud en una poblacion en donde la
obesidad, y particularmente la obesidad central, forman un pilar
en la fisiopatologia de este sindrome (4). De esta manera, y segun
los resultados obtenidos, tanto el clinico como el profesional de la
actividad fisica podran determinar si el solo uso del IMC como ele-
mento diagndstico del estado de salud de la poblacion con SM es
suficiente respecto a la orientacion de la adiposidad corporal, 0 Si
s necesario, incluir otras herramientas evaluativas que pudiesen
complementar esta informacion y de esta forma tener una vision
mas completa y certera respecto al tejido biologico responsable
de las afecciones en las personas que presentan este sindrome,
la adiposidad (14).

En relacion con la distribucion de la muestra estudiada, se
advirtio mayor concentracion de mujeres con SM clasificadas con
un estado nutricional de obesidad (n = 82), situacidn concordante
con aquello mostrado por Eleutério-Silva y cols. (24) y Hoebel y
cols. (25), quienes estudiaron a grupos de mujeres con SM, des-
cribiendo valores promedio del IMC de 34,93 + 7,54y 32,73 +
7,22 kg/m?, respectivamente.

Frente al andlisis de las caracteristicas morfoldgicas de las
mujeres con SM agrupadas por estado nutricional, se encontrd
que en la mayoria de los parametros estudiados se apreciaba un
incremento en sus valores a medida que se pasaba de un estado
de normopeso hacia obesidad. Esta situacion fue apreciada con
diferencias significativas entre los grupos con un valor p = 0,000,
tanto para la variable de peso corporal como para el perimetro de
cintura, sumatoria de pliegues cutaneos, Z-score de la sumatoria
de pliegues cutaneos, masas adiposa y muscular (kg), ICC e ICE.
Nuestros datos son concordantes con aquellos reportados por
Hoebel y cols. (25), quienes muestran que frente a incrementos del
IMC también se apreciaban aumentos en otras variables e indices
antropométricos como el PC, ICC e ICE en un grupo de mujeres
evaluadas. En efecto, estos autores describen a mujeres con SM
fraccionadas en grupos con diferentes valores del IMC, mostran-
do que aquellas mujeres con un IMC de 32,03 + 7,03 kg/m?
presentaban valores de PC de 89,66 cm, ICE de 0,57 e ICC <
0,85; mientras que aquel grupo de mujeres que presentaban
valores mas altos de IMC (34,08 = 7,74 kg/m?), a su vez tenian
valores mas elevados en estos indices y variables morfoldgicas
(PC =101 cm; ICE = 0,63; ICC > 0,85).

Respecto a los resultados de composicion corporal de las
mujeres con SM evaluadas, llama la atencion que frente a un
analisis en unidades relativas de las masas corporales no se
hayan encontrado diferencias significativas en el porcentaje de
masa adiposa (pese a encontrar diferencias significativas en la
adiposidad absoluta expresada en kg), lo que implica que una
mujer categorizada con SM y normopeso no presenta en si un
menor porcentaje de masa adiposa (35%) respecto a una muijer
con SMy con un estado nutricional de sobrepeso (35,5%) u obe-
sidad (34,2%). Nuestros resultados orientan a la presencia de
la “Obesidad Normopeso” (Normal weight obesity) en mujeres
con SM, concepto presentado por Romerro-Corral y cols. (26),
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quienes al igual que Deurenberg-Yap y cols. (27) describieron a
poblaciones que mostraban valores elevados de porcentaje de
adiposidad con IMC normal.

En nuestra investigacion, esta inquietud se puede incrementar al
apreciar las diferencias significativas observadas en la sumatoria
de pliegues cutaneos y su valor Z de las mujeres evaluadas. Sin
embargo, esto se puede explicar, por un lado, por el incremento de
la masa corporal total de las mujeres con SM a medida que pasan
de un estado nutricional de normopeso (58,8 + 5,2 kg) hacia el
exceso de peso (sobrepeso: 70,6 + 5,4 kg; obesidad: 87 + 10,3
kg), lo que condiciona la mantencion de una proporcionalidad de
la masa adiposa en relacion con la masa total; mientras que la
variacion de la sumatoria de los pliegues y su valor Z se explica
por el hecho de que la estimacion de la proporcionalidad se realiza
en torno a la altura de las personas evaluadas (28), variable antro-
pomeétrica que en nuestra investigacion no muestra una diferencia
significativa entre los grupos estudiados. En este contexto se pue-
de establecer que el IMC no es capaz de diferenciar el contenido
adiposo relativo de la muestra evaluada estimado mediante plie-
gues cutaneos, situacion clinicamente relevante, ya que implicaria
la necesidad de considerar como parametro de estimacion del
exceso de adiposidad corporal no solo al IMC, sino también aplicar
o adicionar otro recurso de analisis morfoldgico (29), considerando
que el exceso de la adiposidad y su localizacion incrementan las
probabilidades de desarrollar alteraciones cardiovasculares y otros
riesgos (14,30). Adicionalmente se debe tener en consideracion
que el estado de “Obesidad Normopeso” encontrado en las muije-
res evaluadas, previamente ha sido asociado con una serie de
alteraciones como una significante desregulacion cardiometabolica
y factores de riesgo cardiovascular; incluso en mujeres es consi-
derado como un factor que esta asociado en forma independiente
con el incremento del riesgo de mortalidad cardiovascular (29).
Este hallazgo refuerza la dificultad que tendria el IMC en la esti-
macion de la adiposidad corporal, previamente expresado para la
poblacion general (9,10,29,31), pese a que el criterio central con
la que se efectud la clasificacion de SM en las mujeres de nuestro
estudio se basa en la obesidad central (15), por lo que se podria
haber esperado encontrar alguna diferencia del contenido relativo
de adiposidad.

Por otra parte, los resultados obtenidos en esta investigacion
muestran cambios en la masa muscular a medida que las mujeres
pasan de un estado de normopeso a obesidad. El analisis del
comportamiento de esta variable en los grupos es dependiente
de la unidad de medida que sea utilizada, dado que se aprecia un
incremento de la masa muscular absoluta (kg) a medida que las
mujeres pasan de un estado de normopeso a obesidad, situacion
que es opuesta al momento de considerar esta masa en términos
relativos. Esto evidencia que las mujeres con SM que presentan un
estado nutricional de obesidad efectivamente tienen un porcentaje
mas bajo de masa muscular, pese a tener en términos absolutos
mayor cantidad de kg de esta masa muscular, cuya explicacion
se fundamenta en los elementos de proporcionalidad de esta
masa respecto a la masa corporal de las mujeres (adicionando el
hecho sefialado previamente respecto al comportamiento de la
estatura en las mujeres agrupadas por estado nutricional). Estos

[Nutr Hosp 2016;33(3):616-622]



VARIACIONES EN EL ESTADO NUTRICIONAL Y SU REFLEJO EN LA COMPOSICION CORPORAL EN MUJERES CHILENAS CON 621

SINDROME METABOLICO

resultados concuerdan con lo reportado por Janssen y cols. (32),
quienes demuestran que tanto en hombres como en mujeres,
a medida que se incrementa la masa corporal total, se aprecia
un aumento en la masa muscular absoluta (kg). Sin embargo, al
revisar el comportamiento de esta masa en términos relativos se
aprecia una disminucion a medida que se incrementa la masa
corporal total.

Si bien en términos clinicos es relevante conocer los cambios
que presentan las masas corporales en valores absolutos, nos
parece importante considerar que la expresion relativa de estas
masas orienta de mejor forma al estado morfoldgico de una mujer
con SM, sustentado en la necesidad de incluir la masa corporal
total y la altura bipeda como variables que permiten conocer la
proporcionalidad de estas masas para cada persona, recomen-
dacion que es reforzada por Kerr (19) al sefialar la importancia
del uso de la proporcionalidad de las medidas morfologicas en
el estudio de las masas corporales. En este sentido, toma mayor
relevancia el uso del método de fraccionamiento antropométrico
pentacompartimental como recurso de busqueda y analisis de
la composicion corporal utilizado en nuestra investigacion, por
cuanto esta metodologia si considera en la estimacion de las
masas corporales a las variables de pliegues cutaneos, masa
corporal total y altura bipeda, a diferencia de las ecuaciones utili-
zadas en la estimacion de la grasa corporal en el fraccionamiento
antropométrico bicompartimental (33) (usualmente utilizado en la
préctica clinica), en donde dos personas con la misma sumatoria
de pliegues cutaneos y que se encuentren con rangos relativa-
mente amplios de peso y estatura podrian presentar porcentajes
de masa grasa similares.

Secundariamente, nuestro estudio pretendia identificar el nivel
de concordancia en la identificacion del exceso de peso (y sus
diferentes niveles) otorgado por el IMC con los valores de riesgo
tanto del PC, ICC e ICE. Con relacion a estas variables e indices de
salud se aprecia un incremento en sus valores a medida que las
mujeres con SM pasan de un estado de normopeso a obesidad,
lo que es concordante con los antecedentes reportados previa-
mente en la poblacion general (30). Sin embargo, es importante
efectuar un andlisis de estos elementos segun los puntos de corte
que proponen los diferentes autores. Al respecto es interesante
considerar que en la variable de PC, y de acuerdo a los criterios
de la OMS (20), solo las mujeres con normopeso no se encon-
traban con riesgo cardiometabdlico (< 80 ¢cm), mientras que las
mujeres con sobrepeso se encontraban al limite de la clasificacion
de riesgo sustancialmente incrementado con 87,6 = 4,9 cm, y
las mujeres con obesidad fueron clasificadas con esta categoria
con una valoracion de 101,4 = 6,7 cm. Una situacion similar
se aprecid con el ICC; sin embargo, de acuerdo al criterio de la
OMS (20), solo el grupo de obesidad se encontraria con riesgo
cardiometabdlico (0,88 = 0,03), aunque, segun la propuesta de
Koch y cols. (21) con relacion al criterio de 0,84, se adicionaria
como grupo de riesgo a las mujeres con SM con sobrepeso, 10
que seria mas consistente para nuestra muestra, dada la similitud
de la poblacion estudiada por estos investigadores.

El'ICE en el grupo de mujeres chilenas con SM muestra que
solo aquellas categorizadas con normopeso no presentan ries-
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go cardiometabdlico, segun el criterio de Browning y cols. (6)
(ICE > 0,5) (NP: 0,48; SP: 0,54; 0B: 0,64), mientras que segun
el punto de corte propuesto por Koch y cols. (21) (ICE > 0,55),
solo las mujeres con SM obesas presentarian riesgo, mientras
que el grupo con sobrepeso estaria al limite del punto de corte.
Estos resultados concuerdan con la clasificacion de riesgo incre-
mentado identificado por el PC bajo la propuesta de la OMS (20).

En directa relacion con lo anterior, al analizar la sensibilidad y
especificidad del IMC respecto a los métodos antropométricos
de identificacion de riesgo cardiometabdlico (PC, ICC e ICE) se
encontraron variaciones al momento de establecer diferentes
puntos de corte para el estado nutricional. Al contrastar la sensi-
bilidad y especificidad de la agrupacion del estado nutricional de
normopeso vs. sobrepeso-obesidad, se encontrd que el IMC tiene
una mejor concordancia de clasificacion de riesgo tanto con el
PC (en riesgo incrementado), como el ICE, bajo los criterios de la
OMS (20). De igual forma, al agrupar la muestra en normopeso-
sobrepeso vs. obesidad, el IMC tuvo mejor concordancia de cla-
sificacion de riesgo con el PC tanto para la propuesta de la OMS
para “riesgo sustancialmente incrementado” (20), como el criterio
sefialado por Koch y cols. (21), pese a que el mejor equilibrio entre
la sensibilidad y especificidad estuvo dado con el ICC (criterio
OMS) (20). En relacion con lo anterior, si se revisan los criterios
diagnésticos del SM, se puede evidenciar que el punto de corte
es el estado nutricional de obesidad (15). Sin embargo, en nuestra
investigacion encontramos que al utilizar aquel punto de corte del
IMC la concordancia de clasificacion del riesgo promedio era mas
baja respecto a los indices antropométricos de salud; mientras
que si se considera como punto de corte el sobrepeso (IMC > 25
kg/m?), existe una mejor concordancia de clasificacion, lo que
podria orientar hacia la necesidad de tomar en consideracion de
riesgo metabdlico (estimado por los parametros antropométricos)
no solo a las mujeres con SM que presenten un estado nutricional
de obesidad, sino a toda mujer que se encuentre con exceso de
peso. Esto estaria en relacion tanto con los hallazgos encontrados
en |os valores de los porcentajes de adiposidad en los diferentes
grupos de mujeres de nuestro estudio como con lo sefialado por
diversos autores respecto a la potenciacion de estos métodos de
analisis morfoldgicos en su capacidad de identificacion y aso-
ciacion del riesgo de morbilidad y mortalidad de la poblacion
(6,7,13,34,35), aunque otros autores indiquen la superioridad
diagndstica de un método sobre otro (6,13,35). Segun nuestra
propuesta de considerar que el exceso de peso seria clinicamente
relevante en mujeres con SM, el IMC presentaria una mejor sensi-
bilidad que especificidad respecto a los indices considerados para
determinar riesgo metabolico en mujeres con SM.

Finalmente, consideramos relevante sefialar como una fortaleza
de nuestro estudio el haber encontrado un nimero reducido de
investigaciones previas que dieran cuenta de las comparaciones
efectuadas; de igual forma se considera como un elemento posi-
tivo el haber utilizado parametros de analisis morfoldgico que
permiten la comparacion con otros grupos de la poblacion. Sin
embargo, nuestro trabajo es solo un estudio preliminar, lo que
junto al hecho de haber incluido solo a mujeres, implica la nece-
sidad de seguir indagando el comportamiento de la composicion
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corporal e indices antropométricos de salud en personas con SM,
agregando otros factores que pudiesen evidenciar modificaciones
en los resultados hallados, como aquellos de indole étnica, géne-
ro, grupos etarios y diferentes niveles de actividad fisica.

CONCLUSION

En sintesis, el IMC no logra identificar las variaciones de la

adiposidad corporal en mujeres con SM agrupadas de acuerdo a
su estado nutricional, mientras que si presenta una mejor sensi-
bilidad que especificidad respecto a los indices considerados para
determinar riesgo metabolico en mujeres con SM.
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Body composition changes assessed by bioelectrical impedance and their associations

with functional class deterioration in stable heart failure patients
Cambios en la composicion corporal por impedancia bioeléctrica y su asociacion con el deterioro de
la capacidad funcional en pacientes con insuficiencia cardiaca cronica estable
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Abstract

Background: Heart failure (HF) patients develop important changes in body composition, but only a small number of studies have evaluated the
associations between these changes and functional class deterioration in a prospective manner.

Objective: The aim of this study was to evaluate whether changes in bioimpedance parameters were associated with NYHA functional class
deterioration over six months.

Methods: A total of 275 chronic stable HF patients confirmed by echocardiography were recruited. Body composition measurements were
obtained by whole body bioelectrical impedance with multiple frequency equipment (BodyStat QuadScan 4000). We evaluated functional class
using the New York Heart Association (NYHA) classification at baseline and after six months.

Key words: Results: According to our results, 66 (24%) subjects exhibited functional class deterioration, while 209 improved or exhibited no change.

‘ ‘ A greater proportion of patients exhibited higher extracellular water (> 5%), and these patients developed hypervolemia, according to location
Bioelectrical on the resistance/reactance graph. A 5% decrease in resistance/height was associated with functional class deterioration with an OR of 1.42
impedance analyses. (95% C11.01-2.0, p = 0.04).
Functional class '
deterioration. Heart Conclusions: Body composition assessment through bioelectrical impedance exhibited a valuable performance as a marker of functional class
failure. deterioration in stable HF patients.

Resumen

Introduccion: los pacientes con insuficiencia cardiaca (IC) desarrollan cambios importantes en la composicion corporal; sin embargo, pocos
estudios han evaluado prospectivamente la asociacion entre estos cambios y el empeoramiento de la clase funcional en pacientes con IC cronica
estable.

Objetivo: el objetivo de este estudio fue evaluar si los cambios en los parametros de la bioimpedancia estaban relacionados con el deterioro de
la clase funcional de la clasificacion de la New York Heart Association (NYHA) después de 6 meses.

Métodos: se incluyeron 275 sujetos con IC cronica estable confirmada por ecocardiograma. Se les realizaron mediciones de composicion
corporal por impedancia bioeléctrica de cuerpo completo con un equipo de mdiltiples frecuencias BodyStat QuadScan 4000 y se determing la
clase funcional por la clasificacion de la New York Heart Association (NYHA) después de seis meses.

Palabras clave: Resultados: sesenta y seis (24%) sujetos mostraron deterioro de su clase funcional y 209 la mejoraron o no cambiaron. Se encontré mayor
o proporcion de pacientes que cuya clase funcional se deteriord, en los que aumenté > 5% el agua extracelular y que desarrollaron hipervolemia

Andlisis de de acuerdo a su localizacion en la gréfica resistencia/reactancia. La disminucion de > 5% de la resistencia/talla se asocié de forma independiente

impedancia con el deterioro de la clase funcional con un OR = 1.42 (IC 95% 1.01-2.0, p = 0.04).

bioeléctrica. Deterioro . By L ) - o . )

de la clase funcional. Conclusiones: |a evaluacion de la composicion corporal a través de bioimpedancia eléctrica en pacientes con IC es un marcador de deterioro

Insuficiencia cardiaca. funcional.
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INTRODUCTION

The early diagnosis of deterioration in HF patients can be
challenging, and approximately 10 to 20% of initial diagnoses
represent false positives (1). Furthermore, rapid diagnosis is
useful for the management of these patients (2); therefore,
objective measurement instruments are necessary for early
diagnosis (3).

The bioelectrical impedance analysis method (BIA) is an attract-
ive tool used for evaluating body composition due to its easy
to use, low cost, noninvasiveness, high reproducibility, safety in
operation and easy of interpretation, all of which are reasons for
its frequent use clinically (4). Additionally, BIA has been demon-
strated to be capable of recognizing people at high mortality risk
in the short term (5).

Modern BIA methods are based on a similar principle: resist-
ance to the application of an alternating electrical stream is
a function of tissue composition. Tissues with long cylindric-
al cells and that are high in fluid and electrolytes, such as
musculoskeletal tissue, exert relatively little resistance to an
applied electric stream. In contrast, tissues with globular cells
and scarce liquid, such as adipose tissue, exert high resistance
to the conductivity of an alternating electrical current of 800
A(2,6).

Body composition data obtained by prediction equations can
be used to obtain raw measurements of tissue hydration and
integrity based on electrical properties, such as resistance and
reactance. Furthermore, bioelectrical impedance vector analy-
sis (BIVA) uses a resistance-reactance (RXc) graph standardized
by height (where the resistance “R” is inversely proportional
to total body water volume, and the reactance “Xc” is related
to body mass) (2) that allows for the rapid establishment of
hydration status with greater precision (7). Some authors have
referred to a higher correlation of approximately r = 0.996
with the gold standard (deuterium dilution) (1). Variations in
hydration without changes in tissue structure have been asso-
ciated with shortening (overhydration) or lengthening (hypoh-
ydration) of the impedance vector along the major axis of the
tolerance ellipse. The lower pole of the tolerance ellipse has a
cut-off of 75% for identifying the presence of edema in adults.
Hence, vector analysis can identify subclinical hyperhydration in
patients in whom liquids are accumulating before the appear-
ance of edema (8).

Impedance bioelectrical equipment (IBE) has become increas-
ingly available in the clinical setting as a tool for the assessment
of volume overload in patients with HF (9). This technology has
been used for the subclinical detection and prediction of conges-
tion events, characterized as HF aggravation. Also the evaluation
of hydration status BIA was validated in patients with HF (10).
Paterna et al. used impedance to evaluate inpatients with refrac-
tory HF under treatment with high doses of intravenous furosem-
ide and hypertonic saline solutions (11), demonstrating that the
method was useful in these patients.

In previous research, we demonstrated an inverse associ-
ation between fluid overload estimated by IBE and the NYHA
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functional class (12). IBE has also been validated as a tool
capable of differentiating acute dyspnea due to heart failure
in the Emergency Department, and an inverse correlation
exists between IBE measurements and concentrations of the
natriuretic peptide B (13). However, most existing reports have
focused on central fluid overload in hospitalized patients and
outpatients with stable chronic heart failure (14). The aim of this
longitudinal study was to assess the correlations of changes in
bioelectrical impedance measurements with the deterioration
of clinical status.

METHODS AND MATERIALS

This study was approved by the Biomedical Research Human
Committee of the Instituto Nacional de Ciencias Medicas y Nutri-
cion Salvador Zubiran (INCMNSZ), and all of the patients provided
informed consent before the study analysis.

This research was conducted according to the principles of the
Declaration of Helsinki.

SUBJECTS

This study included 275 patients with heart failure of NYHA
functional class I-lll admitted consecutively to the Heart Fail-
ure Clinic at the INCMNSZ. Patients who were > 18 years old
with HF diagnoses confirmed according the European Society of
Cardiology (ESC) criteria through echocardiography (15) and who
required hospitalization at baseline were considered as eligible for
the study. The exclusion criteria were renal failure, uncontrolled
hypothyroidism or hyperthyroidism, liver failure, uncontrolled
ischemic heart disease (unstable angina or myocardial infarction,
revascularization, angioplasty, coronary artery surgery in the last
three months before inclusion), potentially lethal arrhythmias and
secondary HF, chemotherapy or suspicious tumor activity or limb
amputation.

After the first visit, the patients were included in a study with
a prospective cohort design with six months of follow-up. The
primary outcome was NYHA functional class deterioration.

BODY COMPOSITION ASSESSMENT
Anthropometry

Weight and height were measured according to an anthro-
pometric standardization manual (16). BMI was calculated by
dividing weight (kg) by the square of height (m). Hand strength
was measured with a hand dynamometer (Smedley Hand Dyna-
mometer; modified by Stoelting Co., Wood Dale, lllinois, USA),
with the patient instructed to apply the most pressure possible
with the left hand and then with the right hand. The measure-
ment was repeated twice with each hand, and the higher value
was recorded (17).
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Bioelectrical impedance

Whole body impedance and multiple frequencies were meas-
ured with the BodyStat QuadScan 400 tetrapolar bioelectrical
impedance equipment (BOSYSTAT LTD; Isle of Man, UK). All of
the measurements were performed by standardized personnel
according to the tetrapolar method reported previously (4) in a
comfortable area, with the subject fasting and without a metallic
object, no exercise or sauna eight hours before the study and no
alcohol consumption within the previous 12 hours. Throughout
the examinations, all of the subjects had their arms and legs in
abduction; in obese subjects, to avoid contact between the thighs,
a towel or a pillow was placed between them.

The impedance values were obtained at frequencies of 5, 50,
100 and 200 kHz. Using a frequency of 50 kHz, we obtained resist-
ance (R50), reactance (Xc50) and phase angle using BodyStat
Phase Angle software (version 1.0, 2002). This frequency was
selected because it is a standard supported BIVA. Additionally,
we obtained the total impedance index, which is a body water
distribution indicator, by dividing the 200-kHz frequency by the
5-kHz (2200/25) frequency. The total body water and extracellular
water were obtained using prediction equations.

CLINICAL DATA

Medications and the patient’s comorbidities were recorded at
the time of inclusion. We considered clinical deterioration to have
occurred when the patient developed fatigue and worsening of
the NYHA functional class over the 6-month follow-up. Moreover,
the development of edema was reported when clinically apparent.
The clinical evaluations were performed by a cardiologist who was
blinded to the body composition evaluation results.

STATISTICAL ANALYSIS

Quantitative variables are expressed as the mean and standard
deviation (+), and categorical variables are expressed as relative and
absolute frequencies. The Kolmogorov-Smirnov test was used to con-
firm that all data were normally distributed. To differentiate the base-
line between the two groups, one with functional class deterioration
and the other without deterioration, Student’s t test was performed
for independent samples with quantitative continuous variables, and
the Chi-square test was performed for categorical variables. After two
follow-up measurements, we compared the study groups using the
Chi-square test. For this analysis, the percentages changed, and the
patients were subsequently classified according to whether or not
they exhibited a > 5% change in body composition measurements.
Furthermore, logistic regression analysis was performed to determine
the changes in body composition that were associated independently
with NYHA functional class deterioration. A p-value < 0.05 was con-
sidered to be statistically significant. The analysis was performed with
the SPSS software, version 17 (SPSS for Windows, Rel 10.0 1999
Chicago, IL, USA, SPSS Inc.).
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RESULTS

Six months after tracking the 275 patients included in the study,
66 (24%) exhibited NYHA functional class deterioration.

Table | presents the baseline characteristics and pharma-
cological treatments of the patients as well as the most fre-
quent comorbidities (dyslipidemia and hypertension). Subjects
with impairment exhibited a greater likelihood of having type 2
diabetes mellitus, dyslipidem