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ANEXO 1 
 

CÓDIGO DE LOS PROGRAMAS PARA MATLAB 
  





Script para el entrenamiento del SOM con las 5 cuestiones del EuroQoL, 
realización del PCA y visualización de U-matrix y planos de componentes. Con 
todos los pacientes y eliminando posteriormente los considerados conflictivos. 
Para su ejecución es necesaria disponer de la SOM Toolbox. 
 
 
clear all; 
close all; 
  
% Carga de la base de datos 
load('BDcompleta.mat'); 
  
% Lectura de datos 
sD(1).data = EncuestaEuroQoL(:,1:5); 
  
sD.comp_names = ParametrosEuroQoL(1:5); 
sD.comp_norm = cell(5,1); 
  
% Asignar las etiquetas a cada neurona con el resultado obtenido en la 
EuroQoL 
ResEuro = num2str(ResultadoEuroQoL); 
sD.labels = cellstr(ResEuro); 
   
sD.type = 'som_data'; 
sD.name = 'data_adq'; 
   
% Normalización de la matriz de datos 
sD_norm = som_normalize(sD,'var'); 
  
  
% Creación del SOM 
sM = som_make(sD_norm,'mapsize','big','init','lininit'); 
  
  
% etiquetado del mapa 
sM = som_autolabel(sM,sD_norm,'add'); % 'add','freq','vote' 
  
  
% Visualización del SOM y la U-matrix 
figure; 
colormap(1-gray); 
som_show(sM,'umat','all','empty','Labels','footnote','Red entrenada 
con todos los pacientes'); 
som_show_add('label',sM,'Textsize',7,'TextColor','b','Subplot',2); 
  
% Visualización de los planos de componentes 
figure; 
colormap(1-gray) 
som_show(sM,'comp',(1:5)) 
  
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% Análisis de Componentes principales con todos los pacientes % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  



[P1,V1,me1,L1] = pcaproj(EncuestaEuroQoL(:,1:5), 
size(EncuestaEuroQoL(:,1:5),2)); 
muesnt=P1'; 
   
figure; 
plot(muesnt(1,:),muesnt(2,:),'k.','markersize',10); 
grid; 
xlabel('Comp.1'); 
ylabel('Comp.2'); 
  
for i = 1:size(EncuestaEuroQoL(:,1:5),1) 
    text (muesnt(1,i),muesnt(2,i),['\color{black}' 
sprintf('%s',num2str(ResultadoEuroQoL(i)))]); 
end 
  
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% Entrenamiento de la red eliminando pacientes conflictivos % 
% 15, 30, 48, 63, 67, 78, 96 y 102                          % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
EuroQoLsinConflictivos=EncuestaEuroQoL; 
EuroQoLsinConflictivos(102,:)=[]; 
EuroQoLsinConflictivos(96,:)=[]; 
EuroQoLsinConflictivos(83,:)=[]; 
EuroQoLsinConflictivos(78,:)=[]; 
EuroQoLsinConflictivos(67,:)=[]; 
EuroQoLsinConflictivos(63,:)=[]; 
EuroQoLsinConflictivos(48,:)=[]; 
EuroQoLsinConflictivos(30,:)=[]; 
EuroQoLsinConflictivos(15,:)=[]; 
  
ResEuroQoLSinConflictivos=ResultadoEuroQoL; 
ResEuroQoLSinConflictivos(102,:)=[]; 
ResEuroQoLSinConflictivos(96,:)=[]; 
ResEuroQoLSinConflictivos(83,:)=[]; 
ResEuroQoLSinConflictivos(78,:)=[]; 
ResEuroQoLSinConflictivos(67,:)=[]; 
ResEuroQoLSinConflictivos(63,:)=[]; 
ResEuroQoLSinConflictivos(48,:)=[]; 
ResEuroQoLSinConflictivos(30,:)=[]; 
ResEuroQoLSinConflictivos(15,:)=[]; 
  
 
% lectura de datos 
sD(1).data = EuroQoLsinConflictivos(:,1:5); 
  
sD.comp_names = ParametrosEuroQoL(1:5); 
sD.comp_norm = cell(5,1); 
  
% Asignar a cada neurona la etiqueta con el resultado obtenido en la 
EuroQoL 
 
Etiquetas = num2str(ResEuroQoLSinConflictivos); 
sD.labels = cellstr(Etiquetas); 
  
sD.type = 'som_data'; 
sD.name = 'data_adq'; 



  
% Normalización de la matriz de datos 
sD_norm = som_normalize(sD,'var'); 
  
% Creación del SOM 
sM = som_make(sD_norm,'mapsize','big','init','lininit'); 
 
% Etiquetado del mapa 
sM = som_autolabel(sM,sD_norm,'add'); % 'add','freq','vote' 
  
% Visualización del SOM 
figure; 
colormap(1-gray); 
som_show(sM,'umat','all','empty','Labels','footnote','Red entrenada 
sin pacientes 15,30,48,63,67,78,96,102'); 
som_show_add('label',sM,'Textsize',7,'TextColor','b','Subplot',2); 
  
% visualización de los planos de componentes 
figure; 
colormap(1-gray); 
som_show(sM,'comp',(1:5),'footnote','Planos de Componentes sin 
pacientes 15,30,48,63,67,78,96,102'); 
  
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% Análisis de Componentes principales sin los conflictivos % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
 
[P2,V2,me2,L2] = pcaproj(EuroQoLsinConflictivos(:,1:5), 
size(EuroQoLsinConflictivos(:,1:5),2)); 
muesnt=P2'; 
  
 
figure; 
 
plot(muesnt(1,:),muesnt(2,:),'k.','markersize',10); 
grid; 
xlabel('Comp.1'); 
ylabel('Comp.2'); 
 
for i = 1:size(EuroQoLsinConflictivos(:,1:5),1) 
    text (muesnt(1,i),muesnt(2,i),['\color{black}' 
sprintf('%s',num2str(ResEuroQoLSinConflictivos(i)))]); 
end 
 
 
 
 
 
 
 
 
 
 
 



 
Script para el entrenamiento del SOM con los 9 temores seleccionados 

de la encuesta de preocupaciones, realización del PCA y visualización de U-
matrix y planos de componentes. Para su ejecución es necesaria disponer de la 
SOM Toolbox. 
 
 
clear all; 
close all; 
  
load('BDcompleta.mat'); 
 
 
% Poda de variables  
 
EncuestaTemores(:,25:27)=[]; 
EncuestaTemores(:,21:22)=[]; 
EncuestaTemores(:,19)=[]; 
EncuestaTemores(:,16)=[]; 
EncuestaTemores(:,13:14)=[]; 
EncuestaTemores(:,1:9)=[]; 
  
  
  
ParametrosTemores(:,25:27)=[]; 
ParametrosTemores(:,21:22)=[]; 
ParametrosTemores(:,19)=[]; 
ParametrosTemores(:,16)=[]; 
ParametrosTemores(:,13:14)=[]; 
ParametrosTemores(:,1:9)=[]; 
 
 
% Escalada entre 0 y 100 de la preocupación media  
  
preocupacion_m_escalada=(preocupacion_media-
min(preocupacion_media))/(max(preocupacion_media)-
min(preocupacion_media))*100; 
preocupacion_m_escalada=round(preocupacion_m_escalada); 
  
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%%Entrenamiento de la red con los 9 parametros % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
% lectura de datos 
  
sD(1).data = EncuestaTemores; 
  
sD.comp_names = ParametrosTemores; 
sD.comp_norm = cell(9,1); 
  
  
  
%Asignar a cada neurona la auto valoracion del paciente 
  



% Etiquetas = num2str(ResultadoEuroQoL); 
Etiquetas = num2str (preocupacion_m_escalada); 
% Etiquetas = num2str(EncuestaTemores2(:,5)); 
sD.labels = cellstr(Etiquetas); 
  
sD.type = 'som_data'; 
sD.name = 'data_adq'; 
  
% normalización 
  
sD_norm = som_normalize(sD,'var'); 
  
% creación del SOM 
  
sM = som_make(sD_norm,'mapsize','big','init','lininit'); 
% sM = som_make(sD_norm,'init','lininit'); 
  
% etiquetado del mapa 
sM = som_autolabel(sM,sD_norm,'add'); % 'add','freq','vote' 
  
% visualización del SOM 
figure; 
colormap(1-gray); 
som_show(sM,'umat','all','empty','Labels','footnote','Red entrenada 
con los 9 parametros de la encuesta de temores'); 
som_show_add('label',sM,'Textsize',8,'TextColor','b','Subplot',2); 
  
   
% visualización de los planos de componentes 
  
figure; 
colormap(1-gray) 
som_show(sM,'norm','d') 
  
figure; 
colormap(1-gray) 
som_show(sM,'comp',(1:9)) 
  
figure; 
colormap(1-gray) 
som_show(sM,'comp',(1:3)) 
  
figure; 
colormap(1-gray) 
som_show(sM,'comp',(4:6)) 
  
figure; 
colormap(1-gray) 
som_show(sM,'comp',(7:9)) 
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% Análisis de Componentes Principales % 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
[P1,V1,me1,L1] = pcaproj(EncuestaTemores, size(EncuestaTemores,2)); 
muesnt=P1'; 
  



figure; 
plot(muesnt(1,:),muesnt(2,:),'k.','markersize',10); 
grid; 
xlabel('Comp.1'); 
ylabel('Comp.2'); 
 
for i = 1:size(EncuestaTemores,1) 
    text (muesnt(1,i),muesnt(2,i),['\color{black}' 
sprintf('%s',num2str(preocupacion_m_escalada(i)))]); 
end 
 
 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANEXO 2 
 

HISTOGRAMAS 
 
  





Script para la genreación y visualización de los histogramas de todas las 
variables del estudio. 
  
clear all; 
close all; 
  
load('BDcompleta.mat'); 
  
%Histograma variables sociodemograficas 
  
histograma.Pais=hist(EncuestaTemores(:,1),3); 
histograma.Edad=hist(EncuestaTemores(:,2),10); 
histograma.Sexo=hist(EncuestaTemores(:,3),2); 
histograma.Ecivil=hist(EncuestaTemores(:,4),3); 
histograma.Vive=hist(EncuestaTemores(:,5),2); 
histograma.Infartos=hist(EncuestaTemores(:,6),5); 
histograma.Slaboral=hist(EncuestaTemores(:,7),3); 
  
figure('Name','Variables sociodemográficas','NumberTitle','off'); 
subplot (3,3,1); bar(histograma.Pais);title('País'); 
subplot (3,3,2); bar(histograma.Edad);title('Edad'); 
subplot (3,3,3); bar(histograma.Sexo);title('Sexo'); 
subplot (3,3,4); bar(histograma.Ecivil);title('Estado Civil'); 
subplot (3,3,5); bar(histograma.Vive);title('Vive solo o acompañado'); 
subplot (3,3,6); bar(histograma.Infartos);title('Nº de infartos 
previos'); 
subplot (3,3,7); bar(histograma.Slaboral);title('Situación Laboral'); 
  
%Histogramas temores 
  
histograma.Temores=hist(EncuestaTemores(:,8:26),5); 
histograma.TemoresAdd=hist(EncuestaTemores(:,27),2); 
  
figure('Name','Temores 1','NumberTitle','off'); 
subplot (2,3,1); bar(histograma.Temores(:,1));title('Peso'); 
subplot (2,3,2); bar(histograma.Temores(:,2));title('Fumar'); 
subplot (2,3,3); bar(histograma.Temores(:,3));title('Alimentación'); 
subplot (2,3,4); bar(histograma.Temores(:,4));title('Deposición'); 
subplot (2,3,5); bar(histograma.Temores(:,5));title('Higiene'); 
subplot (2,3,6); bar(histograma.Temores(:,6));title('Tensión 
arterial'); 
  
figure('Name','Temores 2','NumberTitle','off'); 
subplot (2,3,1); bar(histograma.Temores(:,7));title('Colesterol'); 
subplot (2,3,2); bar(histograma.Temores(:,8));title('Descanso'); 
subplot (2,3,3); bar(histograma.Temores(:,9));title('Trabajo'); 
subplot (2,3,4); bar(histograma.Temores(:,10));title('Ocio'); 
subplot (2,3,5); bar(histograma.Temores(:,11));title('Disfrute de la 
vida en compañía de familia/amigos'); 
subplot (2,3,6); bar(histograma.Temores(:,12));title('Satisfacción 
sexual'); 
  
figure('Name','Temores 3','NumberTitle','off'); 
subplot (2,3,1); bar(histograma.Temores(:,13));title('Actividad 
cotidiana'); 
subplot (2,3,2); bar(histograma.Temores(:,14));title('Nuevo infarto'); 
subplot (2,3,3); bar(histograma.Temores(:,15));title('Morir'); 
subplot (2,3,4); bar(histograma.Temores(:,16));title('Autonomía'); 



subplot (2,3,5); bar(histograma.Temores(:,17));title('Permanecer 
ingresado'); 
subplot (2,3,6); bar(histograma.Temores(:,18));title('Tenso en el 
entorno hospitalario'); 
  
figure('Name','Temores 4','NumberTitle','off'); 
subplot (2,2,1); bar(histograma.Temores(:,19));title('Información 
recibida'); 
subplot (2,2,2); bar(histograma.TemoresAdd);title('Temor añadido'); 
  
%Histogramas variables EuroQoL 
 
x=0:1:10; 
y=0.1:0.1:1; 
histograma.dimensiones=hist(EncuestaEuroQoL(:,1:5),3); 
histograma.autovaloracion=histc(EncuestaEuroQoL(:,6),x); 
histograma.resEuroQoL=hist(ResultadoEuroQoL,10); 
  
  
figure('Name','EuroQoL','NumberTitle','off'); 
subplot (3,3,1); bar(histograma.dimensiones(:,1));title('Movilidad'); 
subplot (3,3,2); bar(histograma.dimensiones(:,2));title('Cuidado 
personal'); 
subplot (3,3,3); bar(histograma.dimensiones(:,3));title('Actividades 
cotidianas'); 
subplot (3,3,4); 
bar(histograma.dimensiones(:,4));title('Dolor/Malestar'); 
subplot (3,3,5); bar(histograma.dimensiones(:,5));title('Ansiedad 
depresión'); 
subplot (3,3,6); 
bar(x,histograma.autovaloracion);title('Autovaloración'); 
subplot (3,3,7); bar(y,histograma.resEuroQoL);title('Resultado 
EuroQoL'); 



 

Variabbles socio-demográficas 

 



Temoores y preocuppaciones 

 



 



 



  
 



Variables dde la encuesta EEuroQoL 5D-3LL 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANEXO 3 
 

ARTÍCULOS 
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Quality of Life: 
Its Definition and Measurement 

David Felce and Jonathan Perry 

Welsh Centre for Learning Disabilities Applied Research Unit, University of Wales 
College of Medicine 

A model of  quality of life is proposed that integrates objective and subjective 
indicators, a broad range o f  life domains, and individual values. It takes 
account of concerns that externally derived norms should not be applied with- 
out reference to individual differences. It also allows for objective comparisons 
to be made between the situations of particular groups and what is normative. 
Considerable agreement exists that quality o f  life is multidimensional. 
Coverage may be categorised within five dimensions: physical weUbeing, mate- 
rial wellbeing, social wellbeing, emotional wellbeing, and development and 
activity. A research agenda is discussed as are the particular problems caused 
by difficulties in understanding and communicating. 

Quality of life is an elusive concept approachable at varying levels of gen- 
erality from the assessment of societal or community wellbeing to the spe- 
cific evaluation of the situations of individuals or groups. Conceptualisation 
has reflected such variation. Broad social indicators have been used to 
chart the wellbeing of populations at the aggregate level (Flax, 1972; Liu, 
1976; Schneider, 1976). Social and psychological indicators have been 
developed to reflect individual welfare (Bigelow, McFarland, & Olson, 
1991; Bradburn, 1969; Campbell, Converse, & Rodgers, 1976; Heal & 

Requests for reprints should be sent to David Felce, Meridian Court, North Road, Cardiff, CF4 
3BL, Wales. 

This research was conducted under a grant from the Welsh Office/Department of  Health. The 
authors are grateful to Sharon Landesman-Ramey, Robert Cummins, Roy Brown, John Jacobson, 
and Jim Mansell for comments on an earlier draft. 
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Chadsey-Rusch, 1985). Operational definitions of  quality of life are 
diverse, with variability fuelled not only by use of societal or individualis- 
tic perspectives but also by the range of applicable theoretical models or 
academic orientations. 

Many writing on the subject of quality of life have commented on this 
diversity. Liu (1976) stated that there were as many quality of life defini- 
tions as people, emphasising the axiom that individuals differ in what they 
find important. Baker and Intagliata (1982) point to there being as many 
definitions as the number of people studying the phenomenon, a comment 
that throws the spotlight on the lack of agreement between those attempting 
to operationalise the concept. In their view, writers had done little up to that 
point to achieve definitional consistency. A decade later, Cummins, 
McCabe, Gullone, & Romeo (in press) has echoed this position in observ- 
ing that not 1 of over 80 quality of life scales identified has achieved a 
level of acceptance against which other scales can be validated. 

Many of these scales, together with other measures of process and out- 
come, have been developed to evaluate fundamental changes in services 
that play a major role in the day-to-day lives of people in need of support, 
such as those with mental retardation, chronic psychiatric morbidity, 
physical disabilities, or infirmity due to old age. In the field of mental 
retardation alone, the last three decades have seen the introduction of 
major policy movements: deinstitutionalisation, investment in early inter- 
vention and ongoing family support, integration in schooling, and reform 
of adult day services. Although policy formulation has followed from our 
best efforts to pursue fundamental values in the light of knowledge or 
assumptions about human behaviour, and although evaluation has accom- 
panied the process of change, the impact of these policies on quality of 
life cannot be wholly substantiated in the absence of an agreed assess- 
ment methodology. 

The inadequacy of such a situation was recognised by Landesman (1986), 
who called for a concerted effort to explore the meaning of two concepts, 
quality of life and life satisfaction, and establish criteria to assess outcome 
in such terms. In response, a monograph on the subject (Schalock, 1990), 
together with a number of other relevant books, articles, and chapters have 
been published in the last 5 years (Borthwick-Duffy, 1992; Brown, 1988; 
Brown, Bayer, & MacFarlane, 1989; Goode, 1988; Parmenter, 1988). The 
Schalock (1990) monograph provides a starting point for reviewing the sta- 
tus of research in this field. However, as in many edited texts, synthesis was 
not achieved across the diverse contributions. The purposes of this article 
are, therefore, (a) to review the literature concerned with the definition of 
quality of life, (b) to identify common definitional themes, (c) to construct a 
model of  quality of life based on common ground, and (d) to suggest 
research that needs to be done to move the field forward. 
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Defunciones según la Causa de Muerte. Año 2011 

La tasa bruta de mortalidad aumentó un 1,4% en 2011 respecto al 
año anterior 

Las enfermedades del sistema circulatorio fueron la principal causa 
de muerte, aunque mantienen su tendencia descendente  

Los fallecimientos por tumores aumentaron un 2,0% y continúan 
siendo el segundo motivo más frecuente  

 

En el año 2011 se produjeron en España 387.911 defunciones, 5.864 más que las 
registradas en 2010. Fallecieron 188.057 mujeres (un 2,2% más que el año anterior) y 
199.854 hombres (un 0,9% más).  

La tasa bruta de mortalidad se situó en 841,0 fallecidos por cada 100.000 habitantes, lo que 
supuso un aumento del 1,4% respecto al año anterior.  

Por sexo, la tasa femenina se situó en 802,2 fallecidas por cada 100.000 mujeres, mientras 
que la masculina fue de 881,1 por cada 100.000 hombres. 

Mortalidad por grupos de enfermedades  

Las tres principales causas de muerte por grandes grupos de enfermedades fueron las 
enfermedades del sistema circulatorio (responsables del 30,5% del total de defunciones), los 
tumores (28,2%) y las enfermedades del sistema respiratorio (10,9%).  

Las dos primeras mantuvieron la misma tendencia de los últimos años: ascendente en los 
tumores (un 2,0% más de fallecidos) y descendente en las enfermedades circulatorias        
(–0,7%). En cambio, las muertes por enfermedades respiratorias aumentaron un 4,9% 
después de haber disminuido en los dos años anteriores.   

El grupo que experimentó un mayor aumento de defunciones en 2011 en términos relativos 
fue el de enfermedades del sistema nervioso (5,0%) que se situó como cuarta causa de 
muerte más frecuente. La principal enfermedad de este grupo es el Alzheimer, que causó 
11.907 muertes, lo que ya supone más del doble de fallecimientos que en el año 2000. 

Diferencias por sexo y edad 

Las causas de mortalidad más frecuentes en ambos sexos fueron los tumores y las 
enfermedades del sistema circulatorio, aunque en distinto orden para cada caso. 



Instituto Nacional de Estadística
 

Los tumores fueron la primera causa de muerte en los hombres (con una tasa de 295,3 
fallecidos por cada 100.000) y la segunda en mujeres (con 180,7). En ambos casos la tasa 
aumentó respecto al año pasado. 

En cambio, las enfermedades del sistema circulatorio fueron la primera causa de mortalidad 
femenina (275,1 muertes por cada 100.000) y la segunda entre los hombres (237,3), 
descendiendo ambas tasas respecto a 2010. 

 

Distribución por capítulos de la Clasificación Internacional de
Enfermedades. Año 2011       

Capítulos de la CIE-10 Nº de 
defunciones

%

Total defunciones 387.911 100,0

Enfermedades del sistema circulatorio 118.327 30,5

Tumores 109.341 28,2

Enfermedades del sistema respiratorio 42.243 10,9

Enfermedades del sistema nervioso y de los órganos de los sentidos 20.254 5,2

Enfermedades del sistema digestivo 19.576 5,0

Trastornos mentales y del comportamiento 15.276 3,9

Causas externas de mortalidad 14.233 3,7

Enfermedades endocrinas, nutricionales y metabólicas 12.789 3,3

Enfermedades del sistema genitourinario 11.011 2,8

Síntomas, signos y hallazgos anormales clínicos y de laboratorio 10.612 2,7

Enfermedades infecciosas y parasitarias 6.398 1,6

Enfermedades del sistema osteomuscular y del tejido conjuntivo 3.387 0,9

Enfermedades de la sangre y de los órganos hematopoyéticos y ciertos 
trastornos que afectan al mecanismo de la inmunidad 1.528 0,4

Enfermedades de la piel y del tejido subcutáneo 1.169 0,3

Malformaciones congénitas, deformidades y anomalías cromosómicas 920 0,2

Afecciones originadas en el periodo perinatal 833 0,2

Embarazo, parto y puerperio 14 0,0  

 

Las mayores diferencias en el patrón de mortalidad por sexo se dieron en las enfermedades 
osteomusculares y en las de la piel, donde prácticamente la tasa de mortalidad en las 
mujeres duplicó a la de los hombres.  

También cabe destacar la sobremortalidad femenina en las enfermedades del sistema 
nervioso (tasa de 53,0 en mujeres y de 34,5 en hombres), así como en los trastornos 
mentales (42,9 frente a 23,0). Dentro del primer grupo predominan los fallecidos por 
Alzheimer y en el segundo los debidos a otras demencias (vascular, senil, etc.). 

Por el contrario, la mayor incidencia de mortalidad relativa en los hombres frente a las 
mujeres (sobremortalidad masculina) se presentó en las causas externas (40,4 fallecidos por 
100.000 hombres frente a 21,6 por 100.000 mujeres), en los tumores (295,3 frente a 180,7) 
y en las enfermedades respiratorias (108,1 frente a 75,6). 
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Tasas brutas por 100.000 habitantes según causa de 
muerte por capítulos CIE-10. Año 2011
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Distribución de las principales causas de muerte 
según grupo de edad. Año 2011
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Por edad, la principal causa de muerte en los mayores de 79 años fueron las enfermedades 
del sistema circulatorio (3.405,4 fallecidos por cada 100.000 personas de ese grupo de 
edad).   

En los grupos de edad entre cinco y 14 años y entre 40 y 79 años, las causas principales de 
muerte fueron los tumores (con unas tasas de 3,0 y 322,3 por cada 100.000 personas, 
respectivamente).  
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Entre las personas de 15 a 39 años el principal motivo de mortalidad fue el grupo de causas 
externas (16,2 por cada 100.000 personas). 

Finalmente entre los niños de uno a cuatro años la principal causa fueron las 
malformaciones congénitas, deformidades y anomalías cromosómicas (3,0 por cada 
100.000 niños de dicha edad) seguido muy de cerca por las causas externas (2,8). 

Causas de muerte más frecuentes  

A nivel más detallado de enfermedades, las isquémicas del corazón (infarto, angina de 
pecho,...) y las cerebrovasculares volvieron a ocupar el primer y segundo lugar en número 
de defunciones. No obstante, en ambos casos, se produjo un descenso de muertes respecto 
al año anterior (del –1,2% y –4,3%, respectivamente). Las isquémicas fueron la primera 
causa en los hombres y las cerebrovasculares en las mujeres. 

Dentro de los tumores, los responsables de mayor mortalidad fueron el cáncer de bronquios 
y pulmón (con un 1,6% más de defunciones que en 2010) y el cáncer de colon (con un 4,0% 
más). Por sexo, el cáncer que más muertes causó entre los hombres fue el de bronquios y 
pulmón. Y entre las mujeres el de mama (que aumentó un 0,4%). 

 

Número de defunciones según las causas de muerte más frecuentes1

Año 2011 Total Hombres Mujeres

Total defunciones 387.911 199.854 188.057

Enfermedades isquémicas del corazón 34.837 19.925 14.912

Enfermedades cerebrovasculares 28.855 12.152 16.703

Cáncer de bronquios y pulmón 21.058 17.479 3.579

Insuficiencia cardiaca 17.089 5.954 11.135

Enfermedades crónicas de las vías respiratorias inferiores 15.904 11.819 4.085

Demencia 14.583 4.780 9.803

Enfermedad de Alzheimer 11.907 3.528 8.379

Cáncer de colon 11.687 6.687 5.000

Diabetes mellitus 9.995 4.153 5.842

Enfermedad hipertensiva 9.669 3.193 6.476

Neumonía 8.167 4.166 4.001

Insuficiencia renal 6.659 3.253 3.406

Cáncer de mama 6.399 85 6.314

Cáncer de próstata 6.034 6.034 -

Cáncer de páncreas 5.812 3.009 2.803

(1) Causas con peso relativo superior al 1,5%

 

Los fallecidos por accidentes de tráfico volvieron a reducirse. En concreto, fueron 2.116 
personas, un 9,4% menos que en 2010. Desde comienzos de la pasada década los muertos 
por esta causa se han reducido aproximadamente a la tercera parte.  
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Detection of Daily Activities and Sports With
Wearable Sensors in Controlled

and Uncontrolled Conditions
Miikka Ermes, Juha Pärkkä, Member, IEEE, Jani Mäntyjärvi, and Ilkka Korhonen, Member, IEEE

Abstract—Physical activity has a positive impact on people’s
well-being, and it may also decrease the occurrence of chronic
diseases. Activity recognition with wearable sensors can provide
feedback to the user about his/her lifestyle regarding physical ac-
tivity and sports, and thus, promote a more active lifestyle. So far,
activity recognition has mostly been studied in supervised labora-
tory settings. The aim of this study was to examine how well the
daily activities and sports performed by the subjects in unsuper-
vised settings can be recognized compared to supervised settings.
The activities were recognized by using a hybrid classifier com-
bining a tree structure containing a priori knowledge and artificial
neural networks, and also by using three reference classifiers. Ac-
tivity data were collected for 68 h from 12 subjects, out of which
the activity was supervised for 21 h and unsupervised for 47 h.
Activities were recognized based on signal features from 3-D ac-
celerometers on hip and wrist and GPS information. The activities
included lying down, sitting and standing, walking, running, cy-
cling with an exercise bike, rowing with a rowing machine, playing
football, Nordic walking, and cycling with a regular bike. The to-
tal accuracy of the activity recognition using both supervised and
unsupervised data was 89% that was only 1% unit lower than the
accuracy of activity recognition using only supervised data. How-
ever, the accuracy decreased by 17% unit when only supervised
data were used for training and only unsupervised data for val-
idation, which emphasizes the need for out-of-laboratory data in
the development of activity-recognition systems. The results sup-
port a vision of recognizing a wider spectrum, and more complex
activities in real life settings.

Index Terms—Activity classification, context awareness, physi-
cal activity, wearable sensors.

I. INTRODUCTION

CHRONIC noncommunicable diseases (NCDs) cause 60%
of global deaths and the figure is expected to rise to 73%

by 2020 [1]. Such diseases include, for example, cardiovascular
diseases, diabetes, osteoporosis, and certain types of cancer.
Physical inactivity is a major risk factor for these deaths, and
it is estimated to cause 2 million unnecessary deaths per year.
There is, thus, an urgent need to promote more active lifestyle.

There is strong evidence that regular physical exercise de-
creases the risk of cardiovascular disease (e.g., [2]), which is
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the leading cause of death in many developed countries. Risk
factors associated with cardiovascular diseases include smok-
ing, obesity, and high blood pressure, the last two of which are
closely related to physical inactivity. Type II diabetes is strongly
associated with obesity that, in turn, has a well-known relation to
physical inactivity [3]. There is evidence that exercise improves
the physiological control of glucose metabolism [4]. Falls are
also a major health hazard to elderly people resulting often in hip
fracture requiring surgical operation and long rehabilitation. It
is suggested that muscle strength, neuromuscular coordination,
postural stability, steadiness of gait, and the structural properties
of bone all influence fall frequency [5]. Each of these can be
directly enhanced by physical training.

Estimating energy expenditure is a common way to assess the
activity level of a subject. Traditional devices for the estimation
of energy expenditure are not suited for unobtrusive ambulatory
monitoring. Recently, wearable devices have become available
for that purpose and studies have shown that accelerometer-
based estimation of energy expenditure can be obtained with
relatively good accuracy [6], [7]. However, energy expenditure
is only one important aspect of physical activity. An interna-
tional consensus statement regarding physical activity, fitness,
and health [8] identifies six areas affected by physiological ef-
fort: body shape, bone strength, muscular strength, skeletal flex-
ibility, motor fitness, and metabolic fitness. All of these have
their own distinct impact on an individual’s general well-being,
and thus, estimating energy expenditure alone is not sufficient
in order to assess the overall impact of the physical activities on
the individual’s well-being.

A more detailed analysis of physical effort can be obtained by
activity recognition, i.e., by detecting the exact form of activity
the subject is performing. Previous studies have applied activity
recognition, e.g., for elderly care [9]. We believe that another
important application domain for the activity recognition lies in
preventive healthcare (prevention of NCDs). In order to avoid
the vicious circle of illnesses and related reduced ability to
perform physical activities, the monitoring of the changes in
physical activity needs to start before the physical ability of an
individual starts to decline.

Accelerometers are currently among the most widely studied
wearable sensors for activity recognition, thanks to their accu-
racy in the detection of human body movements, small size,
and reasonable power consumption [10]. Recent reviews have
described the use of accelerometers in movement and activity
detection [10], [11]. In laboratory settings, the most prevalent
everyday activities (sitting, standing, walking, and lying) have

1089-7771/$25.00 © 2008 IEEE
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been successfully recognized with accelerometers [12]–[18].
However, the applicability of these results to out-of-laboratory
monitoring is unclear. Long-term out-of-laboratory monitor-
ing often means less-controlled user-annotated data collection,
which introduces several challenges such as the following.

1) Annotations of the data are more unreliable causing diffi-
culty in classifier training and also degrading classification
results.

2) People perform activities in many different ways that are
hard to categorize. For example, a person may lie down
on a sofa in a way that cannot be said to be either sitting
or lying.

In a few studies, data have been collected outside the labo-
ratory. In [16], 24 subjects spent approximately 50 min outside
the laboratory. Accelerometers were placed on sternum, wrist,
thigh, and lower leg. Nine patterns (sitting, standing, lying, sit-
ting and talking, sitting and operating PC, walking, stairs up,
stairs down, and cycling) were recognized from presegmented
data using similarity measures with a total accuracy of 66.7%.
In the same study, the accuracy in laboratory settings was 95.8%
illustrating the difficulties introduced by out-of-laboratory set-
tings. In [19], five biaxial accelerometers attached to hip, wrist,
arm, ankle, and thigh were used to recognize 20 everyday activ-
ities such as walking, watching TV, brushing teeth, vacuuming,
etc. Data were collected for 82–160 min from 20 subjects. Four
different classifier structures were used of which decision tree
provided the best results accuracies ranging from 41% to 97%
for different activities.

In our previous study on activity recognition [20], 16 test
persons went through an approximately 2 h recording session
with a supervisor during which the following activities were
executed: lying, rowing (with a rowing machine), cycling (with
an exercise bike), sitting, standing, running, Nordic walking,
and walking. The recognition accuracies for different activities
varied for the best classifier between 58% and 97%.

In this study, new data were collected that also contained
unsupervised out-of-laboratory period. Our aim was to study
the effects of such environment to the classification accuracy.

II. METHODS

A. Data Collection

The devices used in the data collection and their locations
on the body are illustrated in Fig. 1. Although this figure in-
cludes sensors from which data are not used in this study, they
are shown in the figure for more complete picture of the data-
collection system.

Acceleration signals were measured with ADXL202 ac-
celerometers (Analog Devices, Norwood, MA), and were stored
on a flash-card-memory-based, 19-channel recorder (Embla
A10, Medcare, Reykjavik, Iceland). Sampling frequency was
20 Hz, and the range of the sensor output was ±10 g. Location
information was stored on a Garmin eTrex Venture GPS receiver
(Garmin Ltd., Olathe, KA) once per 20 s. Accelerometers were
attached to their data-storage unit by cables. Cables were taped
to the body so that they did not restrict normal movements.
Also, the cables were placed so that it was possible to place the

Fig. 1. Data collection and annotation system. The sensors and devices rele-
vant for this study are printed in bold.

TABLE I
TEST PROTOCOL FOR DATA COLLECTION

rucksack with the data-storage unit on the floor, for example,
when sitting down.

Twelve subjects [aged 27.1 ± 9.2 years, body mass index
(BMI) 23.8 ± 1.9, ten males, two females] were recruited by
advertisements at a local university. A written consent was ob-
tained from each volunteer. Approximately 6 h of data were
collected with each subject. The 6 h measurement session was
further divided into two phases: 1) a supervised period with ex-
act scenario and accurate supervisor-made annotations and 2)
an unsupervised period with subject-made annotations. The test
protocol is described in Table I.

During the supervised data-collection session, the subject
was accompanied by a supervisor, who used a personal digital
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Activity Classification Using Realistic Data
From Wearable Sensors

Juha Pärkkä, Miikka Ermes, Panu Korpipää, Member, IEEE, Jani Mäntyjärvi, Johannes Peltola,
and Ilkka Korhonen, Member, IEEE

Abstract—Automatic classification of everyday activities can be
used for promotion of health-enhancing physical activities and
a healthier lifestyle. In this paper, methods used for classifica-
tion of everyday activities like walking, running, and cycling are
described. The aim of the study was to find out how to recog-
nize activities, which sensors are useful and what kind of sig-
nal processing and classification is required. A large and real-
istic data library of sensor data was collected. Sixteen test per-
sons took part in the data collection, resulting in approximately
31 h of annotated, 35-channel data recorded in an everyday en-
vironment. The test persons carried a set of wearable sensors
while performing several activities during the 2-h measurement
session. Classification results of three classifiers are shown: cus-
tom decision tree, automatically generated decision tree, and ar-
tificial neural network. The classification accuracies using leave-
one-subject-out cross validation range from 58 to 97% for cus-
tom decision tree classifier, from 56 to 97% for automatically
generated decision tree, and from 22 to 96% for artificial neural
network. Total classification accuracy is 82% for custom decision
tree classifier, 86% for automatically generated decision tree, and
82% for artificial neural network.

Index Terms—Activity classification, context awareness, physi-
cal activity, wearable sensors.

I. INTRODUCTION

PHYSICAL inactivity is a health risk that many people in
both developed and developing countries are facing to-

day. According to World Health Organization (WHO), at least
60% of the world’s population fails to achieve the minimum
recommendation of 30 min moderate intensity physical activ-
ity daily [13]. The main reason for not achieving this basic
level of physical activity is that the level of activity required
in work, in travel, and at home is decreasing with sedentary
work and with the advent of technologies that are designed to
ease home activities and traveling. The physical activities on
free time are insufficient or too irregular to achieve the weekly
goal. Physical inactivity is known to contribute in many chronic
diseases, such as cardiovascular disease, type 2 diabetes, and
possibly certain types of cancer and osteoporosis [2], [3]. As
the population is rapidly aging in many countries, promotion of
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a healthier lifestyle, especially for the elderly population, can
provide substantial savings in future health care costs.

By following the minimum recommendation, many health
benefits can be obtained, when compared with completely
inactive people [4]–[6]. The basic level of physical activity
helps, for example, in managing weight, in lowering blood
pressure, in increasing the level of the good high-density
lipoprotein (HDL) cholesterol, in improving sugar tolerance,
and in changing hormone levels to a direction more suitable for
preventing cancer [3], [7]. The basic level of physical activity
can be achieved by everyday activities like walking at work,
shopping, gardening, cleaning, etc. The 30-min daily physical
activity targets to at least 1000 kcal energy expenditure weekly.
The only limitation in achieving the goal is that the daily 30-min
physical activity must be collected in continuous periods of a
minimum 10 min.

Level of daily physical activity can be measured objectively
by measuring energy expenditure. The accelerometer signal
has been used previously to estimate energy expenditure,
and the estimate has been shown to correlate well with true
energy expenditure [8]. Although achieving the minimum
recommendation of physical activity brings many health
benefits, even more health benefits can be achieved by taking
part in a more vigorous [5] and a wider spectrum of physical
activities. For example, endurance-enhancing activities and
activities maintaining flexibility and muscular strength bring
health benefits that are not achieved with basic activity [3].
Endurance can be enhanced, e.g., with energetic walking,
jogging, cycling, and rowing. Activities maintaining functions
of the musculoskeletal system are, e.g., ball games, gym, and
dancing. Thus, in addition to daily energy expenditure, activity
types play an important role in overall well being and health.

Accelerometers have been shown to be adequate for activ-
ity recognition. The studies using accelerometry for monitoring
human movement have been recently reviewed in [9] and [10].
In laboratory settings, the most prevalent everyday activities
(sitting, standing, walking, and lying) have been successfully
recognized with accelerometers [11]–[15]. However, applica-
bility of these results to out-of-lab monitoring is unclear. For
example, in [15] the recognition accuracy of nine patterns de-
creased from 95.8% to 66.7% as the recordings were shifted
outside the laboratory. Also, recognition of different activities
involving dynamic motion has not yet been studied thoroughly.
In a few studies data have been collected outside the laboratory.
In [15] 24 subjects spent approximately 50 min outside labo-
ratory. Accelerometers were placed on sternum, wrist, thigh,
and lower leg. Nine patterns (sitting, standing, lying, sitting and
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talking, sitting and operating PC, walking, stairs up, stairs down,
and cycling) were recognized from presegmented data with an
overall accuracy of 66.7%. In [16] five biaxial accelerometers
attached to hip, wrist, arm, ankle, and thigh were used to rec-
ognize 20 everyday activities such as walking, watching TV,
brushing teeth, vacuuming, etc. From 82 to 160 min of data
were collected from 20 subjects and a decision tree classifier
was used for classification. Recognition accuracies ranged from
41 to 97% for different activities.

Many research groups have recently studied activity recog-
nition as part of context awareness research [16]–[22]. Context
sensing and use of context information is an important part of
the ubiquitous computing scenario [23]–[25]. Context sensing
aims at giving a computing device (e.g., cellular phone, wrist-
top computer, or a device integrated into clothes) senses, with
which it becomes aware of its surroundings. With the senses
the device is capable of measuring its user and environment and
it becomes context aware. The context describes the situation
or status of the user or device. Different devices can use the
context information in different ways, e.g., for adapting its user
interface, for offering relevant services and information, for an-
notating digital diary (e.g., energy expenditure), etc. Location
and time belong to the group of the most important contexts and
the use of these contexts has been studied extensively. However,
to recognize the physical activities of a person, a sensor-based
approach is needed.

Our vision in automatic classification of physical activities
is to contribute to long-term monitoring of health and to a
more active lifestyle. The application we have in mind can
be called an “activity diary”. The diary would show the user
which activities he did during the day and what were the
daily cumulative durations of each activity. When the user
is shown this information, he can draw the conclusions him-
self and adjust his behavior accordingly. This model is called
the behavioral feedback model [26]. This model is being suc-
cessfully used, e.g., in weight management programs. On the
other hand the activity diary information can be utilized by
context-aware services and devices that offer adapted infor-
mation or adapt their user interface (UI) based on the user’s
activity type.

In this work our aim was to study activity classification,
which are the most information-rich sensors and what kind
of signal processing and classification methods should be
used for activity classification. We took a data-oriented and
empirical approach and collected a large data library of
realistic data. In this paper, we describe methods for automatic
activity classification from data collected with body-worn
sensors.

II. METHODS

A. Data Collection

The goal of our data collection was to assess the feasibil-
ity and accuracy of context recognition based on realistic data.
We collected a large data library of realistic context data with
many different sensors (accelerometers, physiological sensors,

etc.) and with many test persons. The collected data were then
used in development of context recognition algorithms. A data
collection system was developed for sensing and storing context-
related data in real-life conditions. Only the sensors are small
in size that were applicable to ambulatory measurements were
used. The data were stored on a rugged, compact PC (Databrick
III, Datalux Corporation, Winchester, VA, USA) and on a flash-
card-memory-based, 19-channel recorder (Embla A10, Med-
care, Reykjavik, Iceland). Additionally, two stand-alone de-
vices were used: Global Positioning System (GPS) recorder
(Garmin eTrex Venture, Garmin Ltd., Olathe, Kansas, USA) and
wrist-top computer that measured heart rate and altitude (Su-
unto X6HR, Suunto Oy, Vantaa, Finland). The PC and recorder
were placed into a normal rucksack (dimensions: 40 cm × 30
cm × 10 cm, weight 5 kg with the equipment) that the test
persons carried during the measurement sessions. The sensors
were put on the test person with help of an assistant before
the start of the measurement session. The system measured 18
different quantities from the user and his environment (Table
I). Some of the quantities were measured with multiple sen-
sors, which resulted in altogether 22 signals and 35 channels
of data.

During the measurement sessions, the test persons followed
a scenario (Table II) that describes the tasks they should at least
do and locations they should at least visit. The scenario consists
of visits to several everyday places (bus, restaurant, shop, and
library) and of several physical activities (lying, sitting, stand-
ing, walking, Nordic walking, running, rowing, cycling). Nordic
walking is fitness walking with specifically designed poles to
engage the upper body.

Because the signals have large interindividual difference
in different activities, we recruited 16 volunteers (13 males,
3 females, age 25.8 ± 4.3 years, body mass index [BMI]
24.1 ± 3.0 kg/m2) to gather a representative dataset for al-
gorithm development. The volunteers were recruited by us-
ing bulletin board and news advertisements at a local uni-
versity. The duration of each measurement session was about
2 h. The durations varied between measurement sessions be-
cause of the loose scenario, which was not supposed to be
followed strictly. Because the goal was to collect realistic
data, the test persons were given a lot of freedom during
the measurement session. For example, they could choose
the restaurant and shop they preferred. Also the order of
places visited and time spent in each place depended on the
test person.

The test person was accompanied by an annotator (same
person for all cases), who used a personal digital assistance
(PDA) to mark changes in context for reference purposes. An
annotation application (Fig. 1) was written for a PDA using
C#.NET. The annotation application provides a UI for visual-
izing and changing the currently selected and active contexts.
In the UI, the contexts are organized hierarchically into up-
per level context types, e.g., activity and lower level context
values, e.g., lie or sit. The context values are mutually exclu-
sive. As a context value changes, the annotator taps on the
name of the new context value with the PDA pen. The soft-
ware stores the new state together with a timestamp on PDA
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Abstract—The gait disturbances in Parkinson’s disease (PD) 

patients occur occasionally and intermittently, appearing in a 
random, inexplicable manner. These disturbances include 
festinations, shuffling, and complete freezing of gait (FOG). 
Alternation of walking pattern decreases the quality of life and 
may result in falls. In order to recognize disturbances during 
walking in PD patients, we recorded gait kinematics with 
wireless inertial measurement system and designed an 
algorithm for automatic recognition and classification of 
walking patterns. The algorithm combines a perceptron neural 
network with simple signal processing and rule-based 
classification.  In parallel, gait was recorded with video camera. 
Medical experts identified FOG episodes from videos and their 
results were used for comparison and validation of this method. 
The summary result shows that the error in recognition and 
classification of walking patterns is up to 16%. 

Index Terms—freezing of gait, gait classification, 
accelerometers, gyroscopes, neural networks  

I. INTRODUCTION

BOUT one third of Parkinson’s disease (PD) patients
experience sudden, transient block of movement 

performance, phenomenon known as freezing of gait (FOG). 
A FOG episode is defined as the state when the patient is not 
responding within 1 s to the instruction to walk, or if it 
appears as he/she is trying unsuccessfully to initiate or 
continue locomotion, as well as break in gait for no apparent 
reason. FOG may last even for several minutes, and it is 
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often resistant to therapy [1]. 
FOG can be manifested in several ways. Patients can

come to a complete freezing of gait (akinesia), tremble 
(festinations), walk with very short steps or walk in place 
(shuffling) [2]. Investigators commonly distinguish five 
typical FOG scenarios: start hesitation, turn hesitation, 
hesitation in tight quarters - FOG through narrow space, 
destination hesitation, and open-space hesitation [3]. 
However, in this study, we do not attempt to differ FOGs 
provoked by various scenarios. We propose an algorithm for 
the classification of different manifestations of gait pattern 
that result from different gait disturbances. 

FOG represents a common cause of falls and consequent 
injuries in PD, which stresses the importance of clinical 
assessment of FOG [4]. However, the assessment has been 
mostly based on subjective patient reports and 
questionnaires. Furthermore, FOG episodes are difficult to 
be elicited in a routine clinical examination, requiring 
performance of complex walking patterns with turns and 
obstacles. Still, there is no objective method to identify FOG 
phenomenon or the type, duration and intensity of disorder 
episodes.  

Inertial sensors (accelerometers and gyroscopes) are often 
used for gait classification and activity recognition [5]-[10]. 
In order to classify gait or detect freezing, most algorithms 
use frequency analysis of signals from triaxial 
accelerometers placed on various parts of the lower body 
[11]-[13]. Some investigations suggest the analysis of 
electromyographic profiles as a method to predict FOG [14]. 
However, these studies do not offer FOG type classification. 
In this paper, we propose an algorithm for recognition and 
classification of different walking patterns (regular walking, 
small steps, shuffling, intentional standing, festinations and 
akinesia). This method combines a perceptron neural
network and rule-based classification of the signals acquired 
from gyroscopes and accelerometers placed on leg segments. 
The algorithm may be implemented in real time. 

II. METHODS AND MATERIALS

A. Sensory System 
We used a custom-made wireless sensory system [15]-

[16], comprising 6 inertial measurements units (IMUs) 
placed laterally on each leg segment of both legs. These 

Classification of Walking Patterns in 
Parkinson’s Disease Patients Based on Inertial 

Sensor Data 
Milica Djuri�-Jovi�i�, Nenad S. Jovi�i�, Ivana Milovanovi�, Saša Radovanovi�, Nikola Kresojevi�, 

and Mirjana B. Popovi�

A





In the IEE International Workshop, Intelligent Environments 2005 (IE05), Colchester, UK, 28-29th June 05  

© Essex University & IEE June 2005 1 

A Neural Network Agent Based Approach to Activity 
Detection in AmI Environments  

 
Fernando Rivera-Illingworth, Victor Callaghan, Hani Hagras 

Department of Computer Science, University of Essex, Wivenhoe Park, 
Colchester CO4 3SQ, UK {friver, vic, hani}@essex.ac.uk 

 
Abstract 
 
Many countries are facing the problem of caring economically for their ageing population. One 

approach to this is the development of environments which possess ambient intelligence that will 
provide care for older people  while assisting them with their everyday life activities. One function that 
is required in care provision is spotting abnormal behaviours as this might be an indicator of a problem 
requiring attention from a carer. Agent technology can be employed to detect abnormalities by first 
learning a normal set of personal behaviours and then detecting deviations from these. This paper 
presents a novel connectionist embedded agent architecture that combines the use of unobtrusive and 
relatively simple sensors and employs a constructive algorithm with temporal capabilities which is 
able to recognize different high level activities (such as “sleeping”, “working at computer”, “eating”), 
and identify abnormal behaviours.  The network is trained in an online mode, and is able to adapt and 
expand itself as new data are made available over time or it can add new output nodes to represent 
new classes or accommodate the abnormal instances. The developed connectionist approach is not 
computationally demanding and hence it can be integrated into the limited processor-power embedded 
computing platforms used in intelligent domestic environments.  

 
Keywords:  Activity recognition; Ambient intelligence; Agents; Neural systems; Abnormality 

detection; novelty detection 
 

1. Introduction 
 
The population’s ageing problem poses interesting challenges to the future of human society.   The 

development of new technologies that can ease this demographical transition by providing support and 
delivering highly automated and comprehensive intelligent care at home constitutes a very interesting 
and challenging problem. Recent studies conducted by the United Nations Population Division show 
that the number of people aged 60 years or older was estimated to be 629 million by 2002, and is 
projected to grow to almost 2 billion by 2050, or approximately 21.4% of the population of the world.  
As a consequence, fewer people will be able to provide care to elder people by formal or informal 
means also with an increasing financial burden on the people in working age. In addition, it is 
expected that there will be a much larger number of older people living alone, so there is the necessity 
of new ways to provide support to them. 

Despite the fact that elder people prefer to “age in place”, in order for people to live independently 
they must be capable to perform certain activities and maintain some independence. One of the metrics 
used [1], [13], [16], [20] is the ability to perform basic Activities of Daily Living or ADLs, and the 
capacity to carry out Instrumental Activities of Daily Living or IADLs. ADLs focus on assessing the 
person’s ability to perform basic self care activities such as eating, dressing, bathing, going to the 
toilet and transferring in and out of bed/chair and walking. IADLs measure activities related to 
independent living and include preparing meals, shopping for personal items, medication management, 
managing money, using the telephone, doing laundry, and transportation1. 

One of the warning signs of Alzheimer’s disease is the difficulty to perform familiar tasks. People 
with dementia often find it hard to complete everyday tasks that are so familiar that usually we do not 
think about how to do them. A person with Alzheimer’s may not know the steps for preparing a meal, 

                                                 
1 http://www.cdc.gov/nchs/datawh/nchsdefs/adl.htm 
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using a household appliance, or participating in a lifelong hobby or he/she might cook a meal but 
forget to serve it, etc2 .  

In order to deal with the above problems, there is a need to develop new solutions to provide care 
for the elderly; a possible solution is the use of intelligent environments.  An intelligent environment is 
a space that people live in (e.g. room, a house etc) in which all the services (e.g. heat, light, 
communication, entertainment, security etc) are managed, intelligently, by computers so as to support 
the occupants in their daily activities. These environments vary in complexity being in their most 
simple form just a collection of automated systems or in their more complex form “intelligent” 
systems that can be taught by the user, or even learn for themselves, how best to serve the occupant’s 
needs. 

 These intelligent environments open up new and creative possibilities for supporting the lives of 
ordinary people in their homes. A field that promises to change in a radical way is the care one, more 
specifically the provision of care services at home. For example, limited resources, especially in 
helping with ADLs encourage the development of technologies that can assist and support the elderly 
person and possibly its carers.  ADLs depend on regular patterns of behaviour, and by learning such 
habitual patterns, it could be possible to recognise significant deviations from the normal and to infer 
possible problems or to provide appropriate assistive control. So by using raw sensor data (sometimes 
incomplete and noisy), we aim to distinguish different human behaviours inside a domestic 
environment (to characterize high-level activities inside it, such as “sleeping”, “relaxing”, “eating”, 
etc). Once the “normal” activities are detected, different kind of abnormal activities can be spotted.  
These abnormalities can be activities that have not been previously performed inside the environment, 
abnormalities in the lifestyle rhythms or abnormalities in the sequence and frequency of life activities. 

One possible approach for activity and abnormal behaviour detection is achieved by the use of 
embedded agents. Embedded intelligence can be regarded as the inclusion of some of the reasoning, 
planning and learning processes, typical of a person, within an artefact.  The embedded computers that 
contain such an intelligent capability are normally referred to as “embedded agents” [9].  In order to 
use this solution, the learning techniques used must be adaptable to the continuous changes in the 
environment and user behaviour. In addition, the used learning technique must be computationally  
undemanding to fit on devices with limited memory and processing power. The agent can be 
employed to determine a normal set of personal behaviours and then detect deviations associated with 
the onset of illness or physical disability. 

The rest of the paper is organized as follows. Section 2 presents the main approaches used in human 
behaviour recognition systems. Section 3 describes the architecture for the iDorm, the testbed which 
has been used for evaluating our techniques. The embedded computing platform will be presented in 
Section 4 whilst the agent’s connectionist architecture will be described in Section 5.  Section 6 will 
present the experiments and results. Finally, section 7 will summarize the work.  

 
2. Human Behaviour Recognition Systems  
 

Several approaches have been reported for sensing and acquiring data from environments and the 
activities of people inside them. One possible approach is the use of cameras and microphones [2] and 
vision-based tracking modules [13]. This approach usually has produced good results under laboratory 
conditions, but faces many problems when used in real environments and can be perceived as invasive 
to the user’s privacy. Other systems use wearable sensors like RFID tags [7], bracelets [13], or sensors 
attached to the body (like accelerometers). The main problem with these kinds of sensors is that they 
require cooperation from the user and it is possible that he/she forgets to wear them. In [17], data from 
a GPS sensor stream coupled with some commonsense rules are used to illustrate the possibility of 
inferring high-level behaviours from low-level sensors. More recently a system has been developed at 
MIT [15] that performs activity recognition using only using simple and easy to install “tape on and 
forget” sensors at a low cost inside a house. 

There are two main approaches employed in human behaviour recognition systems which are the 
statistical and connectionist approaches (relying basically in the use of neural networks). The former 

                                                 
2 http://www.alz.org/AboutAD/Warning.asp 
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Human Body Posture Classification by a Neural
Fuzzy Network and Home Care System Application

Chia-Feng Juang, Member, IEEE, and Chia-Ming Chang

Abstract—A new classification approach for human body pos-
tures based on a neural fuzzy network is proposed in this paper,
and the approach is applied to detect emergencies that are caused
by accidental falls. Four main body postures are used for posture
classification, including standing, bending, sitting, and lying. After
the human body is segmented from the background, the classi-
fication features are extracted from the silhouette. The body sil-
houette is projected onto horizontal and vertical axes, and then, a
discrete Fourier transform is applied to each projected histogram.
Magnitudes of significant Fourier transform coefficients together
with the silhouette length–width ratio are used as features. The
classifier is designed by a neural fuzzy network. The four postures
can be classified with high accuracy according to experimental
results. Classification results are also applicable to home care
emergency detection of a person who suddenly falls and remains
in the lying posture for a period of time due to experiments that
were performed.

Index Terms—Falling detection, fuzzy systems, human behavior
analysis, neural networks, posture classification.

I. INTRODUCTION

A VISUAL surveillance system attempts to detect, recog-
nize, and track certain objects from the image sequences

[1]. Developing an intelligent visual surveillance helps replace
traditional passive video surveillance. Visual surveillance im-
plementation increases understanding and description of human
behaviors [2], [3]. Indoor visual behavior surveillance can
automatically monitor a person’s daily activities and detect
home care emergencies. Visual surveillance generally includes
the following stages: environment modeling, persons detection,
tracking, understanding, and describing behaviors. The last
stage is the main topic of this paper, with special focus on
posture classification and falling detection application.

Understanding behavior involves motion pattern or body
posture analysis and classification. Many approaches have been
proposed for motion analysis and classification [4]–[6]. A
real-time human motion analysis by image skeletonization is
proposed in [4] and used to determine human activities such as
walking or running. In [5], a model-based method is proposed
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work was supported by the National Science Council, Taiwan, R.O.C., under
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for human walking motion analysis. Different motion types in
the study were also recognized by the hidden Markov model
(HMM). Human gait recognition based on motion analysis and
support vector machines (SVMs) is proposed in [6]. Some of
the research for body posture classification focuses on clas-
sifying different standing postures [7]–[9]. Classification of
standing posture with different human arms pose by SVMs is
proposed in [7]. In [8] and [9], a complex 2-D model based
on human body silhouette is proposed, and posture recognition
based on a multiscale morphological method [8] or genetic
algorithm [9] is proposed. Classifying dynamic gestures is
another part of the research focus. Dynamic gesture recogni-
tion using dynamic time warping (DTW), HMMs, and neural
networks are proposed in [10]–[13]. In [10], the authors use
DTW to recognize human gestures. Sign language recognition
by HMMs is proposed in [11]. Hand gesture recognition by
time-delay neural network and recurrent fuzzy neural network
is proposed in [12] and [13], respectively.

In contrast to the aforementioned studies, classifying four
human body postures, including standing, bending, sitting, and
lying, is the objective of this paper. Classification is based
on a 2-D human body image from a single fixed camera. A
similar task was also performed in [14] and [15]. In [14],
a W 4 (Who, What, Where, When) system is proposed for
tracking people (who) and analyzing what people are doing,
and where and when they act. This system analyzes human
body by using silhouette information. In W 4, classification
of the four body postures is based on histograms of vertical
and horizontal projections of the body’s silhouette. A template
matching classifier is used to measure histogram similarity be-
tween template postures and a test posture. Classification using
similar features and probabilistic projection maps is proposed
in [15]. A new body posture feature is proposed in this paper.
We compute the horizontal and vertical projection histograms
of the body’s silhouette and transform them by discrete Fourier
transform (DFT). Magnitudes of significant DFT coefficients
and length–width body ratio are used as classification features.
The use of DFT coefficients helps eliminate human body size
and position influence in an image. A neural fuzzy network [16]
is used for classifier design for posture classification due to the
network’s powerful learning ability. Classification in home care
application is performed frame by frame, and the proposed sys-
tem application detects an indoor emergency should a person
fall and remain in the lying posture for a long time.

This paper is organized as follows: Section II describes
the moving object segmentation algorithm that is used in this
paper. Section III introduces posture classification features.

1083-4427/$25.00 © 2007 IEEE
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Fig. 1. Proposed system flow.

Section IV introduces the neural fuzzy classifier for posture
classification. Experiments on posture classification are pre-
sented in Section V. Application experiments of the proposed
emergency detection approach are performed in Section VI.
Finally, conclusions are presented in the last section.

II. ENVIRONMENT MODELING AND

PEOPLE SEGMENTATION

The proposed posture classification system flow is shown
in Fig. 1. The human body must first be segmented from an
image scene for the posture classification problem. Here, a
background subtraction method based on a background model
construction is used for segmentation. Environment models can
be classified into two: 2-D and 3-D. In our system, classification
is performed indoors, and a 2-D model with a single fixed cam-
era is used. Many approaches have been proposed to acquire a
background image [14], [17]–[19] for a fixed camera. In this
paper, people segmentation is based on the approach proposed
in [18] for its ease in implementation.

In the implemented system, a red–green–blue (RGB) color
model is converted into a YUV model, where Y stands for the
luminance component (the brightness), and U and V are the
chrominance (color) components. Only the Y channel is used
in the succeeding processing, and the formula for transforming
RGB color model to Y channel is Y = 0.299R + 0.587G +
0.114B, where 0 ≤ R ≤ 1, 0 ≤ G ≤ 1, and 0 ≤ B ≤ 1. Based
on [18], a background model is obtained by using consecutive-
frame difference for registering the stationary pixels. A thresh-
old such as that in [18] is used to decide whether a pixel
belongs to the moving object or the background scene from
two consecutive frames. If a pixel is masked as stationary
in frame difference, the corresponding registration stationary
buffer value is increased by one. On the contrary, if the pixel

is classified as moving, the corresponding registration station-
ary buffer value is cleared by zero. If a pixel is masked as
stationary and for successive N frames, i.e., the accumulated
registration stationary buffer value exceedsN , it is classified as
a background region. Here, N is set experimentally to 25, with
consideration of indoor moving speed of people. According
to our experiments, in an outdoor environment, where people
move at a faster speed, a larger value of N could be set. This
background registration step is successively performed frame
by frame to maintain an up-to-date background model. For an
input image, the absolute value of difference between current
image I(x, y) and background model B(x, y) in each pixel
(x, y) is computed. This value is compared with a threshold
2σ(x, y) for generating a difference mask, where σ(x, y) is
the standard deviation of the pixel (x, y) in the registered
background. This background difference mask, together with
frame difference mask, is used to segment moving people.
A simple method based on gradient filter that is proposed in
[18] is also used to eliminate shadow effect. Detailed steps
of the complete processing algorithm can be found in [18].
To eliminate noise after segmentation, a simple method that is
different from that in [18] is used in this paper. This is because
the body’s silhouette information is only used in the succeeding
posture classification. To eliminate noise, the morphological
operator, which performs the erosion and dilation operator with
3 × 3 structuring features, is performed [20]. Fig. 2(a)–(c)
shows the input images, background model building result, and
segmented moving people after morphological operation, re-
spectively. From the result in Fig. 2(c), some noise regions with
areas too large to be filtered by morphological operation are
found. To eliminate these noise regions, a chain-code algorithm
[21] is used to find segmented object contours. Then, the object
with the maximum contour length and that is larger than a
threshold is classified as a human body. A mi nimum enclosing
rectangle of the human body contour is found. Pixels outside
the minimum enclosing rectangle are regarded as noises and are
discarded. The noise removal results by the proposed approach
are shown in Fig. 2(d). After the body is segmented, posture
classification (the main part of this work) is performed. Illustra-
tions of the four classes of postures are shown in Fig. 3, where
these silhouettes are obtained by the segmentation method.
Classification approach details are introduced in the following
sections.

III. HUMAN BODY FEATURE EXTRACTION

The body’s silhouette length–width ratio is a direct body pos-
ture feature and is used as one of the proposed features. Other
body posture features are extracted from histograms of body
silhouette horizontal and vertical projections. This histogram
provides good information for classification. However, it is
dependent on the body silhouette size and position. Silhouette
size differs as the distance from people to camera varies. Even
with the same silhouette size, the projection histogram differs
(shifts) as a person’s image position differs. To solve these
problems, some solutions have been proposed [14], [18]. A
projection histogram normalization operation is performed in
[14]. The normalization parameter is posture dependent and is
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An On-Line Self-Constructing Neural Fuzzy
Inference Network and Its Applications

Chia-Feng Juang and Chin-Teng Lin

Abstract—A self-constructing neural fuzzy inference network
(SONFIN) with on-line learning ability is proposed in this pa-
per. The SONFIN is inherently a modified Takagi–Sugeno–Kang
(TSK)-type fuzzy rule-based model possessing neural network’s
learning ability. There are no rules initially in the SONFIN. They
are created and adapted as on-line learning proceeds via simul-
taneous structure and parameter identification. In the structure
identification of the precondition part, the input space is parti-
tioned in a flexible way according to a aligned clustering-based
algorithm. As to the structure identification of the consequent
part, only a singleton value selected by a clustering method
is assigned to each rule initially. Afterwards, some additional
significant terms (input variables) selected via a projection-based
correlation measure for each rule will be added to the consequent
part (forming a linear equation of input variables) incrementally
as learning proceeds. The combined precondition and consequent
structure identification scheme can set up an economic and
dynamically growing network, a main feature of the SONFIN.
In the parameter identification, the consequent parameters are
tuned optimally by either least mean squares (LMS) or recursive
least squares (RLS) algorithms and the precondition parameters
are tuned by backpropagation algorithm. Both the structure
and parameter identification are done simultaneously to form a
fast learning scheme, which is another feature of the SONFIN.
Furthermore, to enhance the knowledge representation ability
of the SONFIN, a linear transformation for each input variable
can be incorporated into the network so that much fewer rules
are needed or higher accuracy can be achieved. Proper linear
transformations are also learned dynamically in the parameter
identification phase of the SONFIN. To demonstrate the capa-
bility of the proposed SONFIN, simulations in different areas
including control, communication, and signal processing are done.
Effectiveness of the SONFIN is verified from these simulations.

Index Terms—Equalizer, noisy speech recognition, projection-
based correlation measure, similarity measure, TSK fuzzy rule.

I. INTRODUCTION

T HE problem of system modeling is encountered in many
areas such as control, communications, and pattern recog-

nition, etc. Recently, the neural fuzzy approach to system
modeling has become a popular research focus [1]–[4]. The
key advantage of neural fuzzy approach over traditional ones
lies on that the former doesn’t require a mathematical de-
scription of the system while modeling. Moreover, in contrast
to pure neural or fuzzy methods, the neural fuzzy method
possesses both of their advantages; it brings the low-level
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supported by the National Science Council, Republic of China, under Grant
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learning and computational power of neural networks into
fuzzy systems and provides the high-level human-like thinking
and reasoning of fuzzy systems into neural networks [5]–[7].

A fuzzy system consists of a bunch of fuzzy if-then rules.
Conventionally, the selection of fuzzy if-then rules often relies
on a substantial amount of heuristic observation to express
proper strategy’s knowledge. Obviously, it is difficult for
human experts to examine all the input–output data from a
complex system to find a number of proper rules for the fuzzy
system. To cope with this difficulty, several approaches to
generating fuzzy if-then rules from numerical data, an active
research topic in the neural fuzzy area, have been proposed
[6]–[15]. Generally, these approaches consist of two learning
phases, the structure learning phase and the parameter learning
phase. Traditionally, these two phases are done sequentially;
the structure learning phase is employed to decide the structure
of fuzzy rules first and then the parameter learning phase is
used to tune the coefficients of each rule (like the shapes
and positions of the membership functions). One disadvantage
of this sequential learning scheme is that it is suitable only
for off-line instead of on-line operation. Moreover, to adopt
this scheme a large amount of representative data should be
collected in advance. Also, the independent realization of the
structure and parameter learning usually each spends a lot
of time. Owning to these problems, the structure as well
as the parameter learning phases are done simultaneously in
the proposed self-constructing neural fuzzy inference network
(SONFIN). This ability makes the SONFIN suitable for fast
on-line learning.

One important task in the structure identification of a neural
fuzzy network is the partition of the input space, which
influences the number of fuzzy rules generated. The most
direct way is to partition the input space into grid types with
each grid representing a fuzzy if-then rule [see Fig. 1(a)]. The
major problem of such kind of partition is that the number
of fuzzy rules increases exponentially as the dimension of
the input space increases. Another frequently used method
for input space partitioning is to cluster the input training
vectors in the input space [24], [25]. Such a method provides
a more flexible partition, as shown in Fig. 1(b). The resulting
fuzzy rule is of the form, Rule: IF is , THEN is ,
where denotes the input vector with
dimension and the th cluster formed in the input space.
One problem of this partition is that what means and what
are the corresponding fuzzy terms in each input variable are
always opaque to the user, especially in the case of high-
input dimensions. This violates the spirit of fuzzy systems

1063–6706/98$10.00 1998 IEEE
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(a) (b)

(c) (d)

Fig. 1. Fuzzy partitions of two-dimensional input space. (a) Grid-type par-
titioning. (b) Clustering-based partitioning. (c) GA-based partitioning. (d)
Proposed aligned clustering-based partitioning.

that what a fuzzy rule means and how it works should be easy
to understand. We may solve this problem by projecting the
generated cluster onto each dimension of the input space to
form a projected one-dimensional (1-D) membership function
for each input variable and represent a cluster by the product of
the projected membership functions, as illustrated in Fig. 1(b).
Compared with the grid-type partition, the clustering-based
partition does reduce the number of generated rules, but not
the number of membership functions of each input variable. To
verify this, suppose there areinput variables and each input
variable is partitioned into parts ( fuzzy terms). Then the
total number of membership functions used is for the grid-
type partition. As to the clustering-based partition, if there are

clusters formed, then the number of membership functions
generated is . In general, is larger than , meaning
that the clustering-based partition creates more membership
functions than the grid-type one dose. In fact, by observing
the projected membership functions in Fig. 1(b), we find that
some membership functions projected from different clusters
have high similarity degrees. These highly similar membership
functions should be eliminated. This phenomenon occurs not
only in the clustering-based partitioning methods, but also
in other approaches like those based on the orthogonal least
square (OLS) method [16], [17].

Another flexible input space partitioning method is based
on the genetic algorithm (GA) [28], which has the partition
result as shown in Fig. 1(c). The major disadvantage of this
method is that it is very time consuming; the computation
cost to evaluate a partition result encoded in each individual
is very high and many generations are needed to find the final
partition. Hence, this scheme is obviously not suitable for on-
line operation. Moreover, the GA-based partitioning methods
might not find meaningful fuzzy terms for each input variable,

as illustrated in Fig. 1(c). In this paper, we develop a novel
on-line input space partitioning method, which is an aligned
clustering-based approach. This method can produce a parti-
tion result like the one shown in Fig. 1(d). Basically, it aligns
the clusters formed in the input space, so it reduces not only the
number of rules but also the number of membership functions
under a prespecified accuracy requirement. The proposed
method creates only the significant membership functions on
the universe of discourse of each input variable by using
a fuzzy measure algorithm. It can thus generate necessary
fuzzy rules from numerical data dynamically. In [17], the most
significant rules are selected based upon OLS method. To use
this method, the learning data should be collected in advance
and the parameters of the fuzzy basis functions are fixed. The
generated fuzzy rules by this method are significant only for
the fixed input–output training pairs collected in advance, so
it is not suitable for on-line learning. Since our objective is
on-line learning, and the input membership functions are all
tunable, a rule is considered to be necessary and is generated
when it has a low overlapping degree with others.

Another objective of this paper is to provide an optimal
way for determining the consequent part of fuzzy if-then
rules during the structure learning phase. Different types of
consequent parts (e.g., singletons, bell-shaped membership
functions, or a linear combination of input variables) have been
used in fuzzy systems [22]. It was pointed out by Sugeno and
Tanaka [20] that a large number of rules are necessary when
representing the behavior of a sophisticated system by the ordi-
nary fuzzy model based on Mamdani’s approach. Furthermore,
they reported that the Takagi–Sugeno–Kang (TSK) model can
represent a complex system in terms of a few rules. However,
even though fewer rules are required for the TSK model, the
terms used in the consequent part are quite considerable for
multi-input/multi-output systems or for the systems with high-
dimensional input or output spaces. Hence, we encounter a
dilemma between the number of fuzzy rules and the number of
consequent terms. A method is proposed in this paper to solve
this dilemma, which is, in fact, a combinational optimization
problem. A fuzzy rule of the following form is adopted in our
system initially

Rule IF is and and is

THEN is (1)

where and are the input and output variables, respec-
tively, is a fuzzy set, and is the position of a symmetric
membership function of the output variable with its width
neglected during the defuzzification process. This type of fuzzy
rule is used as the main body of the SONFIN. We call a
SONFIN consisting of such kind of rules abasic SONFIN. By
monitoring the change of the network output errors, additional
terms (the linear terms used in the consequent part of the
TSK model) will be added when necessary to further reduce
the output error. If it is decided that some auxiliary terms
should be added to the consequent part during the on-line
learning process, a projection-based correlation measure using
Gram–Schmidt orthogonalization algorithm will be performed
on each rule to select the most significant terms to be incor-
porated into the rule. This consequent identification process is
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Fig. 2. Structure of the proposed SONFIN.

employed in conjunction with the precondition identification
process to reduce both the number of rules and the number
of consequent terms.

Associated with the structure identification scheme is the
parameter identification scheme used in the SONFIN. In the
parameter identification scheme, the consequent parameters
(coefficients of the linear equations) are tuned by either least
mean squares (LMS) or recursive least squares (RLS) algo-
rithms and the precondition parameters (membership functions
of input variables) are tuned by the backpropagation algorithm
to meet the required output accuracy. Furthermore, to enhance
the knowledge representation capability of the SONFIN, a
linear transformation of the input variables can be incorporated
into the network to further reduce the rule number or to achieve
higher output accuracy. Proper linear transformation is also
tuned automatically during the parameter learning phase. Both
the structure and parameter learning are done simultaneously
for each incoming training pattern to form a fast on-line
learning scheme.

This paper is organized as follows. Section II describes
the basic structure and functions of the SONFIN. The on-
line structure/parameter learning algorithms of the SONFIN
is presented in Section III. In Section IV, the SONFIN is
applied to solve several problems covering the areas of control,
communication, and signal processing. Finally, conclusions are
summarized in the last section.

II. STRUCTURE OF THESONFIN

In this section, the structure of the SONFIN (as shown in
Fig. 2) is introduced. This six-layered network realizes a fuzzy
model of the following form:

Rule IF is and and is

THEN is

where is a fuzzy set, is the center of a symmetric
membership function on, and is a consequent parameter.
It is noted that unlike the traditional TSK model where all the
input variables are used in the output linear equation, only the
significant ones are used in the SONFIN, i.e., some’s in
the above fuzzy rules are zero. With this six-layered network
structure of the SONFIN, we shall define the function of each
node in Section II-A and then introduce an enhanced structure
of the SONFIN in Section II-B.

A. Structure of the SONFIN

The SONFIN consists of nodes, each of which has some
finite “fan-in” of connections represented by weight values
from other nodes and “fan-out” of connections to other nodes.
Associated with the fan-in of a node is an integration function

, which serves to combine information, activation, or evi-
dence from other nodes. This function provides the net input





ABSTRACT BACKGROUND: Quality of life (QoL) is 
an important end point in heart failure (HF) studies. The 
Minnesota Living with Heart Failure questionnaire 
(MLHFQ) is the instrument most widely used to evaluate 
QoL in Heart Failure (HF) patients. It is a questionnaire 
containing 21 questions with scores ranging from 0 to 105. 
A best cut-off value for MLHFQ scores to identify those 
patients with good, moderate or poor QoL has not been 
determined. OBJECTIVE: To determine a cut-off score for 
the MLHFQ based on the neural network (NN) approach. 
These cut-off scores will help discriminate between HF 
patients having good, moderate or poor QoL. METHODS: 
This research was carried out in the context of a longitudinal 
cohort study of new patients attending specialized HF clinics 
in six participating centers in Quebec, Canada. Patients 
completed a questionnaire that included the MLHFQ. In 
addition to this scale, self-perceived health status and 
clinical information related to the severity of HF were 
obtained including: the New York Heart Association 
(NYHA) functional class, 6 minute walk test and survival 
status. We analyzed the database using NN and conventional 
statistical tools. The NN is a statistical program that 
recognizes clusters of MLHFQ and relates similar QoL 
measures to one another. Among the 531 eligible patients, 
447 patients with complete questionnaires were used to build 
randomly two sets for training (learning set) and for testing 
(validation set) the NN. RESULTS: Participants had a mean 
age of 65 years and 24% were women. The median MLHFQ 
score was 45 (inter-quartile range: 27 to 64). NN identified 3 
distinct clusters of MLHFQ that represent the full spectrum 
of possible scores on the MLHFQ. We estimated that a score 
of < 24 on the MLHFQ represents a good QoL, a score 
between 24 and 45 represents a moderate QoL, and a score > 
45 represents a poor QoL. Validation with the different 
severity measures confirmed these categories. These cut-offs 
allowed us to reach a good total accuracy (91%). These cut-
offs were strongly correlated with survival status (p= 0.004), 
self-perceived health status (p=0.0032), NYHA functional 
class (p<0.0001) and  standardized 6 minutes walk test 
(p=0.05) CONCLUSION: The identification of three levels 
of MLHFQ should be useful in clinical decision making.  
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I. INTRODUCTION 
In many areas, modern medicine has gone beyond the 

point of saving lives to that of improving life. This has led to 
the development of tools capable of measuring quality of life 
(QoL), mainly through self-assessed questionnaires. These 
questionnaires examine the impact of disease and treatment 
on an individual’s emotional, social, and physical well-being 
[Fletcher, 1988]. Two broad categories of QoL 
questionnaires exist: generic and disease-specific. Generic 
measures have been developed for use with a wide range of 
clinical populations whereas disease-specific measures 
include items directly related to a medical condition. These 
questionnaires are useful in reflecting change in a specific 
patient, but the problem remains: How do we define levels 
of QoL? Are tertile or quartile cut-off scores useful and 
efficient for QoL categorization? Numerical values allow a 
precise evaluation of patient change. However, the use of 
clinically relevant categories may facilitate interpretation of 
a QoL measurement for a given patient. Categorization of 
QoL scores may also facilitate the use of QoL scores as 
decisional factors in the implementation of treatment.  

 
The MHLF questionnaire is a disease-specific Qol 

questionnaire developed to measure the effects of heart 
failure and treatments for heart failure on an individual’s 
quality of life [Rector 2005]. MLHF scores are associated 
with both Six-minute walk test (6MWT), or NYHA 
functional class [Rector 2005]. However there are no gold 
standards to determine when an individual’s quality of life 
has truly changed to help define cutoff values for 
improvements and deterioration. A single best cutoff value 
for MLHF scores to identify those who definitely felt better 
or worse has not been determined [Rector 2005]. We 
propose to identify cutoff scores by using NN to categorize 
the data. In this manner, we hope to present a clinically 
meaningful definition of whether a score on the MLHF 
represents better or worse QoL. NN are an important class of 
pattern classifiers [Rumelhart, 1986] with growing 
acceptance in medical and biological research. There are 
several circumstances where neural computing techniques 
provide attractive alternatives to conventional software, 
particularly when there is a degree of uncertainty or when 
explicit knowledge of the domain is not available [Behlouli 
et al., 1996]. In recent years, NN have been widely applied 
in various medical fields [Snow et al., 1994; Dvorchie et al. 
1996; However, to the best of our knowledge, they have 
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been applied in the data analysis of QoL in only a few 
studies [Krongrad et al., 1997; Corcos et al., 2002]. 

II. MATERIALS AND METHODS 
This research was carried out as a sub-analysis of a large 

longitudinal cohort study (Access-Clinic) of patients newly 
referred to specialized CHF (congestive heart failure) clinics 
[Feldman to be published]. Patients were followed for 12 
months at 6-month intervals: time 0 or date of patient 
recruitment, time 1 or 6 months from time 0, and time 2 or 
one year from time 0. The aim of the study was to determine 
whether there were gender differences in access, 
management, and outcomes for patients newly enrolled in 
specialized CHF clinics. Patients were recruited by research 
nurses for the longitudinal cohort study in 6 different centers 
in Quebec, Canada, between 2004 2007.  

 
Clinical characteristics of 531 patients were extracted 

from the common software program/patient database entitled 
(‘‘Vison Cardiologie’’), and patients responded to a 
questionnaire at each of the three times. Clinical information 
extracted at the time 0 from the database for the purposes of 
this study included sex patient’s age, NYHA Functional 
Class, left ventricular ejection fraction (LVEF), survival 
status, the 6MWT, and standardized to 6MWT (Percent 
Predicted value Troosters : PPVT) [Balashov 2008]. The 
questionnaire included socio-demographic information, 
disease history (including initial CHF diagnosis), referral 
history and health services utilization, self-reported health 
status, and the MLHFQ. 
 

The MLHFQ is a 21-item questionnaire that includes 
8 items on physical aspects, 6 on emotional aspects, and 7 
other items. It measures the patient’s perceptions regarding 
how CHF symptoms impact on their life during the 
preceding month. Each item is graded on a scale of 0 to 5, 
with the resultant global summed score ranging between 0 
and 105 [RECTOR 2005]. Higher scores indicate a lower 
health related quality of life.  
 
Statistics 

We used descriptive statistics to compare the continuous 
scores of MLHF questionnaires with patient characteristics 
such as age, sex and different measures of severity of HF. In 
order to learn to recognize clusters of MLHFQ data and to 
relate similar QoL to each other, we employed the NN 
approach as per Kohonen’s method also called a Self-
Organizing Map (SOM). An unsupervised learning paradigm 
is used in the algorithm. In Fig. 1 the structure of the 
Kohonen neural network applied in the present study is 
presented. It is composed of input nodes (the 19 questions). 
Every input node is associated with all 6 nodes of the 

processing layer. A weight (Wij) value is given to the 
connection from an input node to a processing node. 

 
The weight values are adaptively changed during a 

learning process, in which the network learns properties of 
the input data from the learning set of cases according to the 
principle of self-organizing. The nodes of the processing 
layer are in the grid. Each has close neighbors as well as 
those that are further away. This neighborhood affects the 
adaptation of weight values so that when the weight value 
associated with a node is adapted; its close neighbors are 
also adapted. During the process, the size of the 
neighborhood or the number of close neighbors decreases 
and finally reaches a minimum of one, i.e. the node itself 
[Kohonen et al., 1996]. In general we have two steps in the 
NN modeling: the learning process and the testing process. 
In the learning process, the nodes have learned by means of 
the algorithm to detect different level of QOL. When we get 
the best neural network, we use it to classify previously 
unknown cases of the test set (testing step).  

 
Figure 1: Kohonen Neural network MAP 

 

 
 
Among the 531 eligible patients, 447 patients with 

completed questionnaires were divided randomly in two 
sets: training step (learning set N=247) and testing step 
(validation set N=200).  

 
Due to missing values, only nineteen of the 21 questions 

of the MLHFQ were used as inputs to the NN. Since we 
used most of questions of the MLHFQ, there is no impact on 
cut-off score determination.  

 
We attempted, by interpreting the NN output, to find three 

levels of QoL that would correspond to good, moderate, and 
poor QoL. To establish the cutoff value we used a simple 
rule based on descriptive results of the identified clusters. 
We chose the best cutoffs according to the higher total 
accuracy of the confusion matrix. Finally, to validate the 
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Abstract: By Residual Analysis, the patient characteristics, characteristics of medical institutions, and quality of 
medical care can be used on prediction of health- related quality of life at different time points. Artificial neural 
network (ANN) and multiple regressions are used on the different fields, and they have their own advantages. If the 
doctors would like to know Health-Related Quality of Life of patients, they could use ANN to be a major method and 
regression to be a secondary method. Although ANN could deal with nonlinear data, there are little studies about 
quality of life prediction by this method. Therefore, researchers could use the Data Mining to do systemic discussion in 
the future. 
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1. INTRODUCTION 
 
The studies about quality of life of breast cancer are 

increased year by year, but there are little studies about 
long-term quality of life in Taiwan. In addition, ANN is 
really common on predict survival or diagnosis, and 
seldom use on predict health-related quality of life. 
Therefore, the purpose of this study is to discuss 
prediction models on breast cancer patients, to compare 
different the accuracy of prediction models and to 
evaluate important predicting factors. Finally, the study 
discusses the worldwide situation by paper review.  

 
2. MATERIALS AND METHODS 

 
In this prospective study, we collected 203 breast 

cancer patients from two medical centers. All patients 
completed three questionnaires (SF-36, QLQ-C30, and 
QLQ-BR23) at preoperative, 6 months, 1year, and 
2years after surgery. Also, the study collected 
information by chart review. The information included 
patient characteristics, characteristics of medical 
institutions, and quality of medical care. However, the 
study excluded benign and patients who could not finish 
the questionnaires (lost contact, passed away, and 
refusing to be interviewed). About the methods, the 
study uses univariate analysis by GEE model and papers 
review to choose factors, and then put those factors into 
the model of ANN and multiple regression. By Residual 
Analysis and Global Sensitivity Analysis, the study 
discusses the difference models, and finds important 
predicting factors. 
 

3. RESULTS 
 
When the study compared model of ANN and 

multiple regression models, the result showed the 
training samples become better on PCS at 6 months and 
1 year in multiple regression models, and the training 
samples became better on PCS at 2 years in ANN model. 
In test samples, the result showed the better outcome at 
6 months, 1 year, and 2 years in ANN model. Although 
the training samples had smaller bias on PCS at 6 
months and 1 year, the result changed a lot when it 
compared to ANN model. In MCS, the result showed 
the ANN model is better than multiple regression 
models on training samples and test samples, and 
change status were also smaller than multiple regression 
models. In sum, ANN is slightly better than multiple 
regression models (Tables 1& 2).  

In the part of predict factors, the study found the 
surgical method was an important factor at 6 months of 
PCS on two models; the complication and length of day 
were important factors at 1 year of PCS on two models; 
the surgical method and education were important 
factors at 2 years of PCS on two models; the 
preoperative and staging were important factors at 6 
months of MCS on two models; the radiation therapy 
and age were important factors at 1 year of MCS on two 
models; the surgical method was an important factor at 
2 years of MCS on two models (Table 3). When the 
study compared to different time points, the result 
showed the surgical method were an important factor at 
6 months and 2 years of PCS on two models, and others 
showed inconsistent results. 

In the national literature, Finnish study [1] used ANN 

SICE Annual Conference 2011
September 13-18, 2011, Waseda University, Tokyo, Japan

PR0001/11/0000-0225 ¥400 © 2011 SICE- 225 -





Clinical Study

Oncology 1999;57:281–286

Artificial Neural Networks Applied to
Survival Prediction in Breast Cancer

M. Lundina J. Lundina H.B. Burked S. Toikkanenb L. Pylkkänenc

H. Joensuua

aDepartment of Oncology, University of Helsinki, and Departments of bPathology and cOncology,

University of Turku, Finland, and dDepartment of Medicine, New York Medical College, Valhalla, N.Y., USA

Dr. Johan Lundin
HUCH Clinical Research Institute
Haartmaninkatu 4, PO Box 105
FIN–00290 Helsinki (Finland)
Tel. +358 9 471 75395, Fax +358 9 471 75550, E-Mail johan.lundin@helsinki.fi

ABC
Fax + 41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

© 1999 S. Karger AG, Basel
0030–2414/99/0574–0281$17.50/0

Accessible online at:
www.karger.com/journals/ocl

Key Words
Breast cancer W Neural networks W Survival prediction

Abstract
In this study, we evaluated the accuracy of a neural net-

work in predicting 5-, 10- and 15-year breast-cancer-spe-

cific survival. A series of 951 breast cancer patients was

divided into a training set of 651 and a validation set of

300 patients. Eight variables were entered as input to the

network: tumor size, axillary nodal status, histological

type, mitotic count, nuclear pleomorphism, tubule for-

mation, tumor necrosis and age. The area under the ROC

curve (AUC) was used as a measure of accuracy of the

prediction models in generating survival estimates for

the patients in the independent validation set. The AUC

values of the neural network models for 5-, 10- and 15-

year breast-cancer-specific survival were 0.909, 0.886

and 0.883, respectively.The corresponding AUC values

for logistic regression were 0.897, 0.862 and 0.858. Axil-

lary lymph node status (N0 vs. N+) predicted 5-year sur-

vival with a specificity of 71% and a sensitivity of 77%.

The sensitivity of the neural network model was 91% at

this specificity level. The rate of false predictions at 5

years was 82/300 for nodal status and 40/300 for the neu-

ral network. When nodal status was excluded from the

neural network model, the rate of false predictions in-

creased only to 49/300 (AUC 0.877). An artificial neural

network is very accurate in the 5-, 10- and 15-year breast-

cancer-specific survival prediction. The consistently high

accuracy over time and the good predictive performance

of a network trained without information on nodal status

demonstrate that neural networks can be important tools

for cancer survival prediction.
Copyright © 1999 S. Karger AG, Basel

Introduction

There is a need for new prognostic systems in cancer
that can integrate an expanding number of prognostic fac-
tors [1]. The possibilities to integrate new variables into
existing prognostic models, such as the TNM system, are
limited [2]. An optimal system would generate survival
estimates for the individual patient using all the prognos-
tic information inherent in the available patient and
tumor characteristics [3].

Artificial neural networks have been successfully used
for pattern recognition and survival prediction in several
clinical settings [4–6]. The advantage of a neural network
is the ability of the model to capture nonlinearities and
complex interactions between factors [7, 8]. Trained on a
number of prognostic factors, neural networks have been
reported to improve the accuracy of survival prediction
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for patients with lung and colorectal cancer [9–11]. In
patients with breast cancer, earlier studies have reported
promising results for neural network models trained on
the TNM variables [10].

The decreasing incidence of lymph node and distant
metastases at the time of diagnosis in patients with breast
cancer [12] will reduce the value of the TNM staging sys-
tem in survival prediction. In this context, the primary
tumor characteristics may become the major determi-
nants in making therapy decisions and judgements re-
garding prognosis [12]. Attempts have been made to
create models that based on the primary tumor features
could predict lymph node status and identify those pa-
tients in whom an axillary nodal dissection would be indi-
cated [13–15]. The therapeutic role of lymph node remov-
al even in patients likely to be node positive has, however,
been questioned [16]. It has been shown that accurate sur-
vival predictions can be achieved using a traditional mul-
tivariate model based on the primary tumor features only
[17]. An interesting question is therefore whether a neural
network could further improve the accuracy of predic-
tions without nodal status and decrease the need for axil-
lary dissections performed only in order to obtain prog-
nostic information.

We evaluated the accuracy of neural network models
in predicting 5-, 10- and 15-year breast-cancer-specific
survival in a series of patients diagnosed with breast can-
cer within a defined geographic area. The variables used
to construct the prognostic models in this study can be
considered basic clinicopathologic characteristics and the
histologic tumor features can all be assessed from routine
stainings in nonspecialized institutions. The prognostic
accuracy of axillary lymph node status alone and logistic
regression based on the same variables as used in the neu-
ral network model were used as references. A neural net-
work model was also constructed to assess how accurately
breast-cancer-specific survival could be predicted without
information on nodal status.

Patients and Methods

Patients
In order to identify all patients diagnosed with breast cancer in

the city of Turku, Finland, from 1945 to 1984, we checked the files of
the Finnish Cancer Registry and of the two local hospitals, the Turku
University Central Hospital and the City Hospital of Turku. Histo-
logical specimens could be reviewed in 1,566 cases, and we estimated
that this accounts for about 94% of all cases with female breast can-
cer diagnosed in the city during the time period. The cause of death
was obtained from the hospital records and autopsy reports. Patients
were excluded if they received adjuvant or palliative therapy, did not

undergo a radical operation with axillary dissection, had intraductal
or bilateral breast cancer, or distant metastases at the time of diagno-
sis. Of the remaining 1,050 patients, cases with missing data (n = 36)
and those who died of other causes than breast cancer within 5 years
were also omitted leaving 951 patients for the final analysis. These
patients were randomly assigned to a train/test set of 651 and a vali-
dation set of 300 patients. For analyses at 10 and 15 years, respective-
ly, patients who had died of intercurrent causes were excluded from
the neural network and logistic regression train/test set at the corre-
sponding time points. The percentages of patients who had died of
breast cancer of those at risk in the train/test set at 5-, 10- and 15-
years of follow-up were 28 (185/651), 41 (247/600) and 59% (279/
474), respectively. The corresponding figures in the validation set
were 29 (86/300), 43 (114/267) and 61% (130/214), respectively. The
median follow-up of the whole patient series was 17 years (range 10–
44 years).

Clinicopathological Variables
The distribution of the variables in the final patient series used in

the analysis is shown in table 1. Histological typing and evaluation of
grade components (mitotic count, nuclear pleomorphism and tubule
formation) were done according to the WHO classification [18]. The
tumors were classified into three histological types: ductal (not other-
wise specified, includes apocrine, mixed mucinous and atypical
medullary types), lobular (infiltrating lobular carcinoma with vari-
ants) and special (includes tubular, medullary, cribriform, papillary,
and pure mucinous carcinomas). The number of mitoses was ex-
pressed as an average from 10 high power fields (Leitz Orthoplan,
!40 Plan objective), and nuclear pleomorphism was defined by the
degree of irregularity in size, shape and staining. Tumor necrosis was
graded as none, spotty, moderate or severe, but intraductal comedo
necrosis was not included in its assessment. The histological parame-
ters were determined by one pathologist (S.T.) without any knowl-
edge of the final outcome.

Neural Network
A three-layer neural network model was constructed with a com-

mercially available computer program using a modified cascade
method together with an adaptive gradient learning rule (Neural-
Works Predict, NeuralWare, Pittsburgh, Pa., USA). The cascade
mode of construction entails adding hidden nodes, one or more than
one at a time, and always connecting all the previous nodes to the
current node [19]. Direct connections between input and output
nodes were also allowed. The adaptive gradient learning rule uses
backpropagated gradient information to guide an iterative line
search algorithm. Hyperbolic tangent transfer functions were used in
the hidden layer and a sigmoid function in the output layer. Symmet-
ric activation functions, such as the hyperbolic tangent, have been
shown to result in faster training because the initial weights are ran-
domized about zero [20]. Several candidate functions were tested in
the output layer, and the standard sigmoid function was found to give
the highest accuracy on the test set. Network output ranged from 0
to 1. From the train/test set, 30% of the patients were randomly cho-
sen for the test set. During training the model was scored on this test
set to choose between different candidate hidden nodes and to avoid
overtraining. Overtraining of the network was also reduced using a
weight decay method. Several candidate networks were trained and
the network with the highest accuracy on the test set at 5, 10 and 15
years, respectively, was chosen for final analysis of accuracy on the
independent validation set.
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Ahstract- Patient hep is keys to successfully managing 
heart diseases and to helping the patients to maintain 
quality of life. In recent years, with data mining techniques 
has been extracted important hidden information through 
clinical data, so these methods confect beneficial 
information for medical research and health centers. So it 
wiD be making a comer designs using hospital information is 
required fold add influence of clinical centers and hospitals. 
This paper suppose a decision support model able to help a 
physician as weB as a health care system manage this heart 
failure population and describes the work on medical data 
mining and gives useful information about data mining. 
FinaBy, the case study is modeBed by Neural Network (NN). 
Training data collects of 40 patients clinical records in 
health center search about heart problems in persons. The 
results show that our NN model generates correctly 
predictions for 85% of test cases. 
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I. INTRODUCTION 

Nowadays, it is possible and easy accessible to the 
stored data in electronic area with developing machine 
learning systems and artificial intelligence technologies 
such as decision trees, concept learning, Bayesian 
networks and etc. With these techniques and medical data 
involved numerical information, results of the tests, 
disease, diagnosis and treatment level status and other 
health care services information. However, e-health and 
telemedicine are most important domains for scientific 
researchers in recent years. Machine learning systems in 
this area are also the great data resources for researches. 
During the past decade, it has experienced huge adwnces 
in the field of smart information systems. Health 
information technology is a new investigation domain 
with quick innovations has been created in information 
modelling and diagnostic tools chiefly [1]. 

In the 1970s and next, the first use of data mining 
techniques developed expert systems in health 
information systems was performed [2]. Even though 
expert systems provide powerful tools in medicine areas, 
they don't become widespread because the data in these 
areas rapidly changed. So, there were differences of 
opinion between experts. Later years, especially in the 
1990s, NN have started to be used in 0 research patient's 
comer health status and issues such as medical data 
management, treatment cost estimates and follow on. 
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Todays, the development of medicine and the 
prolongation of human's average lifetime have brought 
with them several problems. For instance; many people, 
have to live with chronic diseases such as heart disease, 
diabetes and asthma [2]. These diseases are required to be 
rightly managed by taking up in terms of both medical 
and health care resources and treatment services costs. At 
this view, indenture interrogation styles which will be 
able to run on information systems are not enough. It will 
be possible to discover hidden and helpful information 
among aloft of structured and unstructured medical data 
using data mining methods. The discovered information 
should be indicated for both medical research and 
management plans. 

II. DATA MiNING TECHNIQUES 

Data Mining and Knowledge Discovery, is the process 
of obtaining beneficial and valuable information which 
has been unknown in the raw data previously [3]. 
Basically, Data Mining is a process of analyzing 
knowledge by the help of computer. It basically includes 
five phases. These phases are Data selection, Pre
processing, Conversion, Data Mining and Interpretation / 
Evaluation [3, 8]. Data selection process is to form a data 
file by selecting the data from the database or other data 
sources which will be being worked on [4, 10]. Pre
processing consist of operations as the elimination of 
unusual data, the correction of the data missing or 
incorrect data Conversion contains operations of data to 
be categorized, the selection of relewnt features or 
reduction of dimensions [9]. In data mining phase, an 
adequate algorithm is selected and used to the prepared 
data In the final phase, Discovered information and 
aspects are interpreted and evaluated. Data Mining is a 
part of knowledge discovery researches and co-works with 
research areas such as statistics, machine learning and 
pattern recognition [11]. 

Generally, data mining models are divided into two 
parts as predictive and descriptive [2, 13]. Predictive 
models try to guess an unknown value by taking 
advantage of known data and identifying algorithms 
inquire common features and relation hidden in raw data 
Predictive algorithms contain Classification, Regression 
and Time Series Analysis methods and Descriptive 
algorithms refer to Clustering, Summarization and 
Association Rule Mining methods [12, 14]. It is 
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Abstract - The ability to predict patient health condition and 
possible complications that develop during their hospital stay can 
improve patient safety, quality of care, reduce medical costs and 
save lives.  Prognostics methods using Artificial Neural Networks 
(ANN) promise to deliver new insight into managing patient 
health complications more effectively.  This paper examines the 
feasibility of training ANN to predict cases of Deep Vein 
Thrombosis/Pulmonary Embolism (DVT/PE), a condition that 
causes severe medical problems and even death.  The process and 
results of using ANN models to predict (DVT/PE) are discussed.  
Future areas of research where ANN models can be used as a 
prognostics tool to more effectively predict patient health 
conditions are discussed. 
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I. INTRODUCTION  
Prognostics and Health Management (PHM) is an 

engineering discipline that links studies of failure mechanisms 
to system lifecycle management [1]. Other definitions of PHM 
describe it as a method that permits the assessment of the 
reliability of a system under its actual application conditions, 
to determine the advent of failure, and mitigate system risks 
[2].  A system can be broadly defined as an integrated set of 
elements that accomplish a defined objective [3].  The human 
body is a biological system that functions as a collection of 
interrelated subsystems.  The question that we wish to answer 
is how PHM can be applied to human biological systems as a 
methodology to predict and prevent adverse medical 
conditions in patients.  

 
The term “diagnostics” pertains to the detection and 

isolation of faults or failures.  “Prognostics” is the process of 
predicting a future state (of reliability) based on current and 
historic conditions [4].  The American Heritage Dictionary 
defines prognostic as an adjective which relates to prediction 
or foretelling and as a noun for a sign or symptom indicating 
the future course of a disease or sign or forecast of some future 
occurrence. Hippocrates founded the 21 axioms of prognostics 
some 2400 years ago [5].  The goal of prognostics is to foretell 
(predict) the future health (or state) of a system.   Health is 
defined as a state of complete physical, mental, and social 
well-being.  
 

Prognostics deals with prediction of quality in systems.  
Quality is defined in dictionaries as the essential character or 

attribute of an entity [6].  It’s the inherent characteristic or 
attribute of something. Prognostics deals with prediction of 
some desired quality or characteristic of a system, in this case 
patient’s various biological systems.  

 
The emphasis of this study is on prediction of the 

individual’s short term future health condition and a rule-
based prognostics engine that makes such predictions possible.  
Short term is defined as a time frame that spans from a few 
seconds to several days from any given moment.  The 
prognostics engine is a computational component that can 
analyze vast amounts of historical and current physiological 
data and predict future health of an individual.  The ideal 
predictions are continuous over time based on new, real time 
data gathered from multiple physiological systems including 
warnings, alerts, events and precautions.  Modern healthcare 
strives to improve patient care and extend lifetime by using 
state of the art techniques and equipment.  Among techniques 
available, predictive and preventive approaches are highly 
desired since they can reduce medical complications and 
reduce healthcare costs.  As the sophistication and availability 
of medical devices and sensors have risen in recent years, 
more data is available that can aid in patient prognostics.     
 

The traditional medical treatment protocols are mostly 
based on feedback and in reaction to patient’s symptoms. In 
contrast, prognostics-based medicine works based on 
prediction or forecast of the underlying causes of the 
problems. The amount of countermeasures or adjustments can 
be based on the methods of feed forward control and 
optimization.  The preventative measures in healthcare such as 
medical preventions can prevent adverse complications and 
escalating clinical problems for patients. 
 

As sensors and data acquisition components become 
smaller and cheaper, their use in medical products increases 
dramatically.  This trend provides a vast real time and 
continuous flow of information about all aspects of patient’s 
physical signs and symptoms.  Availability of continuous 
sensory data improves the ability to diagnose and self-adjust 
systems for longer and more effective functional life.  The 
same applies to patient health monitoring and prognostics.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

978-1-4244-9827-7/11/$26.00 ©2011 IEEE 



In this study, we focused on predicting Deep vein 
thrombosis (DVT), a condition that often occurs in patients 
with long periods of rest in hospitals.  A DVT is a blood clot 
that forms in a vein deep in the body, often in the lower leg or 
thigh.  A blood clot in a deep vein can break off and travel 
through the blood stream.  The loose blood clot is called 
embolus. When the clot reaches the lungs and blocks blood 
flow, the condition is called pulmonary embolism (PE), a 
serious condition that causes pain and even death. When PE is 
severe it causes lungs to collapse and leads to heart failure.  
One in every hundred people who develop DVT dies.  
According to some estimates, more than 900,000 Americans 
develop DVT each year and 500,000 of them develop PE with 
30% of those cases being fatal.  About two-thirds of all DVT 
events are related to hospitalization.  The National Quality 
Forum (NQF) in its 2006 update reports that DVT is the third 
most common cause of hospital-related deaths in the US and 
the most common preventable cause of hospital death. 
 

The goal of this study is twofold: 1) to examine whether 
Artificial Neural Networks can be used to predict and identify 
patients that are in danger of developing DVT/PE during their 
stay in the hospital; and 2) whether ANN models can 
determine key causes which can point physicians to making 
appropriate medical interventions in order to prevent DVT/PE 
from occurring in such patients. 
 

The remainder of this paper is organized as follows: Section 
II offers a control theory model of Prognostics.  Section III 
introduces the methods and techniques, in particular the 
Artificial Neural Networks. Section IV is a summary of 
literature where ANN has been used successfully in predicting 
patient health conditions. Section V discusses the model and 
results of training an ANN model to predict DVT/PE in 
hospital patients.  Section VI presents a list of future research 
areas for prognostics in healthcare, followed by conclusion in 
section VII. 

II. APPLICATION OF NEURAL NETWORKS IN 
HEALTHCARE 

Neural Networks have been used successfully to predict 
future onset of diseases such as recurrence of various types of 
cancer, cardiology illnesses and to assist physicians with 
prognostic and decision support.  These studies have offered 
long term predictions for patient health conditions, typically 
forecasting the disease-free or disease recurrence in the future 
ranging from a few months to several years.   
 

Our goal is to use ANN to make short term, real time 
clinical predictions.  Short term could span from a few 
seconds to several days from the current moment in time.  
Medical research has shown that certain life-threatening 
conditions exhibit early indicators in physiological data.  For 
example, a neural network model was trained on EEG data to 
predict epilepsy episodes [7].  The input consisted of 49 
channels of real time EEG data to detect epilepsy spikes.  The 
study showed that ANNs offer a practical solution for 

automated detection of real time epileptiform discharges using 
inexpensive computers. 
 

ANNs have been shown to be a valuable tool to the 
clinical diagnosis of myocardial infarction [8].  The model 
used in one study was trained on 351 patients admitted for 
high likelihood of having myocardial infarction.  It was 
prospectively tested on 331 consecutive patients presenting to 
the ED department with anterior chest pain.  The network was 
able to distinguish patients with from those without acute 
myocardial infarction at a slightly higher sensitivity than 
physicians’ diagnosis for those patients. 
 

In another study of patients in Intensive Care Units 
(ICUs), an ANN model was shown to be more effective than 
logistic regression model for predicting outcome of care [9]. 
The ANN model was applied in the clinical setting of systemic 
inflammatory response syndrome and hemodynamic shock on 
258 patients.  The outcome evaluated was likelihood of death 
during that hospital admission.   
 

In cancer treatment cases, ANNs have become a popular 
tool for predicting outcomes [10].  At one institution [11] six 
different ANN models were developed to predict outcome of 
individual patients who were diagnosed with colorectal cancer 
to predict death within 9, 12, 15, 18, 21, and 24 months.  
Results showed that ANNs were able to detect outcome more 
accurately than the available clinicopathological methods.   
 

Other research conducted in the breast cancer patients 
[12] suggest that ANNs can be trained to recognize patients 
with high and low risk of recurrent disease and death.  
Moreover, one study showed that by coding time as one of the 
prognostic variables, an ANN can be used to predict patient 
outcome over time.  In particular ANN models can make a 
series of predictions about probability of relapse at different 
times of follow up, allowing clinicians to draw survival 
probability curves for individual patients. 
 

In another study a set of patient’s mammography tests 
were interpreted by radiologists and by an ANN model [13].  
The model was more accurate in detecting breast cancer 
patients than radiologists.  A more comprehensive overview of 
application of neural networks in decision support of cancer 
found 396 studies and found that overall ANNs add more 
benefit to making decisions in the field of cancer [14].  
 

Inspired by these studies, in section V we will discuss the 
results of applying ANNs to prediction of clinical 
complications related to DVT/PE a serious medical 
complication that is commonly observed during patients 
hospital stay. 

III. A CONTROL THEORY MODEL FOR 
PROGNOSTICS 

Consider a general system represented by f0 as shown in 
Fig. 1.  The system takes inputs A (single or vector) and 
produces response variable (or output) represented by Y.  The 
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Abstract. Health-related quality of life can be 
adversely affected by irritable bowel syndrome 
(IBS). The aims of this study were to examine the 
health-related quality of life in a cohort of 
individuals with IBS and to determine which 
socio-demographic and IBS symptoms are 
independently associated with reduced health-
related quality of life.  

Several data-mining models to determine 
which factors are associated with impaired 
health-related quality of life are considered in 
this study and include logistic regression, a 
classification tree and artificial neural networks. 
As well as severity of IBS symptoms, results 
indicate that psychological morbidity and socio-
demographic factors such as marital status and 
employment status also have a major role to 
play. 
 
Keywords. Data Mining, Artificial Neural 
Network, Classification Tree, Logistic 
Regression, Irritable Bowel Syndrome. 
 
1. Introduction 
 

Irritable bowel syndrome (IBS) is a chronic 
functional bowel disorder. It is one of the 
gastrointestinal diseases most commonly 
diagnosed in medical practice and is 
characterized by altered bowel habit and 
symptoms of abdominal discomfort or pain, 
usually in the lower abdomen [17]. The aetiology 
of IBS is unknown and the complexity of the 
disease not fully understood [15]. Unlike other 
chronic gastrointestinal organic disorders, such 
as inflammatory bowel disease, there are no 

dependable objective markers of IBS, hence 
there are no diagnostic biochemical, 
physiological or structural features. The most 
reliable diagnostic features are the presenting 
symptoms,  therefore, assessment of IBS 
symptoms and severity can be problematic. 
Psychological morbidity, including anxiety and 
depression, is common in IBS [10].  

Measurement of health-related quality of life 
(HRQoL) is becoming increasingly accepted as 
an appropriate outcome indicator in patients with 
chronic illness.  IBS has been shown to impair 
the patient’s quality of life significantly and its 
impact on the use of community and healthcare 
resources is considerable [5]. One paper reports 
that HRQoL in IBS patients is more poorly 
impaired than patients with arthritis, diabetes, 
heart disease/ stroke, cancer and obesity [12]. 
Several studies have demonstrated that HRQoL 
is adversely affected in IBS patients related to: 
the utilization of more healthcare, reduced 
HRQoL related to sleep, employment, sexual 
dysfunction, and activities such as leisure, travel 
and diet [8]. Additionally, high levels of 
psychological morbidity, particularly anxiety, 
and abnormal health-care seeking behaviour 
have been demonstrated in IBS [2].  

It has recently been suggested that several 
factors influence the impact that IBS has upon 
health related quality of life. Lea and Whorwell 
[13] reported that poorer quality of life is 
associated with more severe gastrointestinal 
symptoms.  Lembo et al [14] viewed severity of 
IBS as having multiple components including 
psychosocial factors, health care utilization 
behaviours, burden of illness and health related 
quality of life. 
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The aims of this study were firstly to describe 
health related quality of life in UK community 
based individuals with IBS, and also to explore 
the use of several data-mining methods in order 
to identify which socio-demographic and IBS 
symptoms are most highly associated with 
impaired HRQoL. 
 
2. Methods 
 

A six-month prospective study was designed 
to examine the frequency, duration and severity 
of symptoms in a cohort of community-based 
patients with IBS symptoms.  Subjects were 
recruited via a national UK newspaper 
advertisement, and were asked to complete a 
daily diary card to record their symptoms. A 
research nurse screened individuals who 
responded to the advertisements to confirm 
inclusion criteria and eligibility for the study.  
Baseline information of the study participants 
was collected and each participant’s 
demographics, medical history and eligibility for 
inclusion in the study  according to Rome II 
criteria [3] was recorded. The Rome II criteria 
for IBS is defined as the presence of constant or 
recurrent abdominal pain/discomfort which has 
at least two of the following features: (i) relieved 
with defecation (ii) onset associated with a 
change in stool frequency, and (iii) onset 
associated with a change in stool form. 

The impact of IBS on patients’ quality of life 
was examined using validated measures of health 
status. The EuroQol with five domains (EQ-5D) 
questionnaire [11] measures health in terms of 
five dimensions: mobility, self-care, usual 
activities, pain or discomfort and anxiety or 
depression.  The validity and reliability of the 
EQ-5D has been established for chronic illness 
[1]. Additionally, the SF-36 was administered to 
evaluate generic HRQoL [16]. The SF-36 
measures HRQoL in eight domains (physical 
function, social function, emotional role, mental 
health, vitality, bodily pain, physical role and 
general health. Scores for each domain are 
adapted to a standard scale which extends from 0 
(worst HRQoL) to 100 (best HRQoL). This 
allows for examination of a wide array of health 
and well-being aspects that are not specific to 
any particular disease.  

Summary statistics are presented for the 
quality of life measures gathered at six months 
for the sample of IBS patients. Mean scores for 
each of the eight dimensions of the SF36 are 
presented and compared to the UK general 

population scores [9]. Count and percentages of 
individuals falling into each category of the pain/ 
discomfort and anxiety/depression domains of 
the EQ-5D are given.  

To indentify which socio-demographic factors 
and IBS symptoms are independently associated 
with pain/ discomfort and also with anxiety/ 
depression, five data-mining techniques are 
considered. Logistic regression [7], a 
classification tree (CT) and three different 
artificial neural networks (ANNs) [4] [6] are 
considered. Logistic regression models are built 
including only factors which are statistically 
significant resulting in parsimonious models 
being developed. A CT within the classification 
and regression tree model framework is also 
considered where recursive partitioning is used 
to split the training records into segments with 
similar output values. An ANN with 3 hidden 
layers is included with learning rates � = 0.9 and 
� = 0.3. Also, an ANN with 2 hidden layers, 
learning rates � = 0.9 and � = 0.3 is considered 
as well as an ANN with 2 hidden layers and 
learning rates � = 0.7 and � = 0.3. All analyses 
was carried out using SPSS version 14 and 
Clementine version 10. 

Factors considered for inclusion in the 
modelling include the demographic factors: age, 
gender, marital status, employment status, the 
presence of various IBS symptoms, including 
symptoms associated with “bowel problems” and 
other generic symptoms.  

A stratified 5-fold cross-validation technique 
was used to train and test the models. The data 
are split into five subsets, stratified by whether 
the patient experienced pain/ discomfort, anxiety/ 
depression, and age group. Under the cross 
validation design, four data subsets are used to 
train the model, and the fifth data subset used to 
test it. This process is repeated four times, each 
time leaving out a different subset to test the 
model. 

In order to compare the performance of the 
different data-mining methods, the results for 
each set of five test datasets are combined for 
each data-mining method to give an overall set of 
results. The models are compared in terms of 
overall accuracy in correctly predicting whether 
a patient has experienced pain or discomfort, and 
anxiety or depression. In medical data-mining, it 
is also of interest to determine the accuracy of 
whether those with pain/ discomfort or 
anxiety/depression are correctly predicted in the 
models, and the prediction accuracy of those 
with no pain/discomfort and no 
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Introducción y objetivos. El Minnesota Living with 
Heart Failure Questionnaire (MLHFQ) es el instrumento
más utilizado para la evaluación de la calidad de vida en
pacientes con insuficiencia cardiaca. Contiene 21 ítems y
dos dimensiones: física y emocional. El objetivo de este
estudio es evaluar las propiedades métricas de la versión
española del MLHFQ.

Métodos. Se aplicó, 1 y 2 meses después del alta, el
MLHFQ y el SF-36 a 677 pacientes ingresados por insufi-
ciencia cardiaca. A partir de la clasificación NYHA y otras
3 variables de capacidad funcional, se definió a los pa-
cientes como estables (n = 245) o con cambio (n = 103).
De la fiabilidad, se estudió: la consistencia interna (alfa
de Cronbach) y la reproducibilidad (coeficiente de corre-
lación intraclase [CCI]). La validez se estudió con las
puntuaciones según la clase funcional y las correlaciones
con las dimensiones del SF-36. La sensibilidad al cambio
se evaluó por el tamaño del efecto.

Resultados. El alfa de Cronbach fue ≥ 0,8 en las tres
puntuaciones, y el CCI también fue elevado (0,74-0,83).
Las puntuaciones del MLHFQ mostraron diferencias se-
gún la clase funcional (p < 0,001), así como correlaciones
moderadas-altas con las dimensiones del SF-36 plantea-
das a priori (0,74-0,52). Los cambios observados fueron
pequeños o moderados (0,09-0,44).

Conclusiones. La versión española del MLHFQ ha
mostrado unas adecuadas propiedades métricas, igual
que la original. Estos resultados respaldan el uso del
MLHFQ en pacientes españoles con insuficiencia cardia-
ca, aunque sería recomendable reevaluar su sensibilidad
al cambio.

Palabras clave: Calidad de vida. Insuficiencia cardiaca.
Propiedades métricas. Resultados percibidos por los pa-
cientes. 

Validación de la versión española del Minnesota Living with
Heart Failure Questionnaire
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Validation of the Spanish Version of the
Minnesota Living With Heart Failure
Questionnaire

Introduction and objectives. The Minnesota Living
with Heart Failure Questionnaire (MLHFQ) is the most
commonly used instrument for evaluating quality of life in
patients with heart failure. It comprises 21 items and two
dimensions: the physical and the emotional. The aim of
this study was to assess the psychometric properties of
the Spanish version of the MLHFQ.

Methods. The MLHFQ and the 36-item short form (SF-
36) questionnaire were administered one and two months
after discharge to 677 patients who had been hospitalized
for heart failure. Patients were classified as either stable
(n=245) or unstable (n=103) on the basis of New York
Heart Association (NYHA) functional class and three
other functional capacity variables. Reliability was
evaluated using measures of internal consistency
(Cronbach’s alpha) and reproducibility (the intraclass
correlation coefficient [ICC]). Validity was assessed by
looking at the scores by NYHA class, and at correlations
between scores on MLHFQ and SF-36 dimensions.
Responsiveness to change was evaluated using the
effect size.

Results. Cronbach’s alpha was ≥0.8 for the three
MLHFQ scores, and the ICC was also large (0.74–0.83).
In addition, MLHFQ scores varied significantly with
functional class (P<.001), and there were intermediate-to-
high correlations with the assumed corresponding SF-36
dimensions (0.74–0.52). The observed effect sizes were
small or intermediate (0.09–0.44).

Conclusions. The Spanish version of the MLHFQ
demonstrated adequate metric properties, comparable to
the original. These results support the use of the MLHFQ
in Spanish heart failure patients, although it would be
advisable to re-evaluate its responsiveness to change.

Key words: Quality of life. Heart failure. Metric
properties. Patient-reported outcome.

Full English text available from: www.revespcardiol.org
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INTRODUCCIÓN

La prevalencia de la insuficiencia cardiaca ha au-
mentado en las últimas décadas1. Datos del estudio de
Framingham estiman la incidencia de insuficiencia
cardiaca en mayores de 45 años en 7,2 y 4,7/1.000
personas/año (varones y mujeres respectivamente)2.
Por otro lado, en los países desarrollados, la insufi-
ciencia cardiaca es la causa más frecuente de hospitali-
zación en los pacientes de 65 o más años y causa al
menos el 5% de todas las hospitalizaciones y el 4% de
todas las muertes3.

El impacto de la insuficiencia cardiaca en la activi-
dad diaria de los pacientes es muy elevado, compara-
ble o incluso mayor que el de otras enfermedades cró-
nicas como la diabetes o la artrosis4. Tradicionalmente
se han utilizado medidas clínicas para valorar este im-
pacto, como la clasificación funcional de la New York
Heart Association (NYHA)5 o la prueba de distancia
recorrida en 6 min (6MWT)6. La calidad de vida rela-
cionada con la salud (CVRS) permite conocer, desde
el punto de vista del propio paciente, cómo afecta la
insuficiencia cardiaca a su vida diaria y su bienestar.
Dado que los índices clínicos de gravedad se correla-
cionan de manera débil o moderada con la percepción
del paciente, la evaluación de la CVRS aporta infor-
mación adicional no extrapolable directamente de es-
tas medidas clínicas7.

Debido a que el objetivo de los tratamientos de la in-
suficiencia cardiaca es principalmente sintomático, los
cuestionarios específicos para pacientes con insuficien-
cia cardiaca han cobrado un gran impulso en las últimas
décadas8. Hasta la fecha se ha publicado el desarrollo y
validación de 5 cuestionarios específicos para los pa-
cientes con insuficiencia cardiaca: el Minnesota Living
with Heart Failure Questionnaire (MLHFQ)9, el Quality
of Life Questionnaire for Severe Heart Failure10, el 
Chronic Heart Failure Questionnaire11, el Kansas City
Cardiomyopathy Questionnaire12 y el Left Ventricular
Dysfunction Questionnaire13. De todos ellos, el más uti-
lizado y conocido es el MLHFQ, que ha sido traducido
a más de 32 lenguas y ha demostrado buenas propieda-
des métricas en numerosos estudios14-16.

La adaptación lingüística de la versión española
del MLHFQ fue realizada en 1997 y está siendo am-
pliamente utilizada en diferentes ámbitos17-20, pero
no tenemos constancia de que haya sido publicado
el estudio de sus propiedades métricas. El objetivo
del presente estudio es evaluar la factibilidad, la fia-
bilidad, la validez y la sensibilidad al cambio de la
versión española del MLHFQ en situación de prácti-
ca clínica habitual en consultas externas de cardio-
logía.

MÉTODOS

Diseño del estudio

Estudio prospectivo de pacientes consecutivos reclu-
tados durante su ingreso por insuficiencia cardiaca en
50 hospitales españoles, con seguimiento durante 3
meses en las consultas externas de cardiología después
del alta hospitalaria.

Se consideró elegibles a los pacientes que ingresa-
ban en el hospital con la sospecha de insuficiencia
cardiaca en uno cualquiera de los servicios de unidad
coronaria, cardiología, medicina interna o cuidados
intensivos, y con confirmación de la insuficiencia
cardiaca al alta como primer o segundo diagnóstico.
Criterios de inclusión: criterios de la Sociedad Euro-
pea de Cardiología (cuadro clínico compatible y de-
mostración de disfunción cardiaca según hallazgos de
exploraciones complementarias)21. Los criterios de
exclusión fueron: a) insuficiencia cardiaca secunda-
ria a causa aguda reversible (taquiarritmia supraven-
tricular que se revierta a ritmo sinusal, hipertiroidis-
mo); b) insuficiencia cardiaca o edema agudo de
pulmón secundarios a valvulopatía grave tributaria de
cirugía; c) enfermedad grave concomitante (insufi-
ciencia renal crónica en tratamiento sustitutivo, neo-
plasia en tratamiento) o diagnóstico de cor pulmona-
le; y d) estado que limite la participación en el
estudio.

El estudio fue aprobado por el Comité de Ética del
Hospital Vall d’Hebron de Barcelona.

Se recogieron datos demográficos y clínicos (ante-
cedentes patológicos y comorbilidad, gravedad y etio-
logía de la insuficiencia cardiaca, capacidad funcio-
nal), exploraciones realizadas y tratamiento pautado en
el ingreso hospitalario. La capacidad funcional se re-
cogió mediante la clasificación de la NYHA y tres pre-
guntas a las que el paciente debía responder sí o no:
¿sale a caminar fuera de casa regularmente?, ¿realiza
alguna actividad recreativa que implique ejercicio físi-
co? y ¿se priva de hacer esfuerzos?

La evaluación inicial, realizada al mes del alta, in-
cluyó evaluación clínica (reingresos, visitas y pruebas
diagnósticas, estado funcional y cambios en el trata-
miento) y de CVRS; al igual que la segunda, realizada
2 meses después.

ABREVIATURAS

CCI: coeficiente de correlación intraclase.
CVRS: calidad de vida relacionada con la salud.
DE: desviación estándar.
MLHFQ: Minnesota Living with Heart Failure

Questionnaire.
NYHA: New York Heart Association.
SF-36: cuestionario de salud SF-36.
TE: tamaño del efecto.
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MÉTODOS

Validación de un nuevo cuestionario para evaluar
la calidad de vida en pacientes postinfarto
J.A. Velasco*, V. del Barrio**, M.V. Mestre**, C. Penas** y F Ridocci*

*Centro de Rehabilitación Cardíaca. Servicio de Cardiología.
Hospital General Universitario. Valencia.
**Facultad de Psicología. Universidad de Valencia.

calidad de vida, infarto de miocardio, cuestionarios de salud
.

La calidad de vida es una medida psicométrica
importante en pacientes crónicos, entre los que se
encuentran los que han sufrido un infarto de
miocardio. A partir de los cuestionarios existentes en la
literatura anglosajona, se ha estructurado un nuevo
cuestionario de calidad de vida para pacientes de
cultura hispana. El nuevo cuestionario (Velasco-Del
Barrio) consta de 44 ítems agrupados en 9 escalas:
salud, sueño, comportamiento emocional, proyectos de
futuro, movilidad, relaciones sociales, comportamiento
de alerta, y tiempos de ocio y trabajo. Se ha validado
tomando como patrón el Cuestionario de Calidad de
Vida para Pacientes con Infarto de Miocardio de
Oldridge y se ha estudiado además su fiabilidad y
consistencia interna, y su reproducibilidad.

La validez del Cuestionario de Velasco-Del Barrio ha
sido similar a la del Cuestionario de Oldridge (r = 0,81),
su reproducibilidad de 0,75 y la fiabilidad del 0,90, lo
que permite afirmar que su utilidad es, como mínimo,
similar a la del cuestionario patrón y que, por tanto,
puede ser recomendada su utilización en pacientes
postinfarto de miocardio, siendo preferible, además,
cuando se trate de pacientes de habla y cultura hispana
552
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VALIDATION OF A NEW QUESTIONNAIRE TO
EVALUATE THE QUALITY OF LIFE IN
MYOCARDIAL INFARCTION PATIENTS

Quality of life is an important measurement in
chronic diseases and especially in patients after
myocardial infarction. We designed and estructured a
new Questionnaire of Quality of Life for Spanish
speaking patients from the existing English
questionnaires. The new Questionnaire of Velasco-Del
Barrio has a total of 44 items, grouped in 9 subscales:
health, sleep and rest, emotional behaviour, concerns to
the future, mobility, social relations alertness behaviour,
communication, and work and leisure time. The
questionnaire has been validated taking as a gold
standard, the Quality of Life Questionnaire for
Myocardial Infraction (QLMI-Q) of Oldridge. The
reliability and the reproducibility have also been
studied.

The validity of the Velasco-Del Barrio Questionnaire
was high (r = 0.81), as its reproducibility (0.75) and
reliability (0.90). We assume that the usefulness of the
new Questionnaire is at least, similar to that of the
Oldridge’s one, and that it can be recommended in
postinfarction patients, eventhough it can be more
advantageous in patients of Spanish speaking cultures.

(Rev Esp Cardiol 1993; 46: 552-558)
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INTRODUCCIÓN

El número de pacientes que sobreviven a un infa
de miocardio (IM), así como la cantidad global de e
fermos que, portadores de patología cardiovascular, e

Correspondencia: Dr. J.A. Velasco.
G.V. Marqués del Turia, 7. 46005 Valencia.

Recibido el 30 de noviembre de 1992.
Aceptado para su publicación el 24 de marzo de 1993.
lucionan a un estadio crónico de la misma y prolong
su supervivencia, se incremento progresivamente en
países desarrollados. El mejorar la calidad de vida (C
de estos pacientes se ha convertido en uno de los f
primordiales de su tratamiento.

Los pacientes crónicos deben ser evaluados, no s
desde el punto de vista clínico, sino también en ot
áreas como la social, la familiar, la referente a la ind
pendencia funcional y movilidad, la emocional, et
Estos aspectos, y otros muchos, pueden ser englob
dentro del concepto de CV.

to
-
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La CV puede tener varios niveles de definició
Engloba un amplio rango de capacidades, síntoma
características psicosociales, que describen una ser
habilidades individuales que pueden derivar en sa
facción para el individuo. Por ello, la CV podría s
definida como la situación en la que una persona pu
cumplir adecuadamente y con autosatisfacción sus 
ciones en las áreas personal, familiar, social y labor

El nivel de CV y sus alteraciones van a depender
sólo de la enfermedad, sino también de su tratamie
y, sobre todo, de las condiciones sociales y familia
que rodeen al paciente.

Desde el comienzo de los años setenta surgió la n
sidad de evaluar la CV. Los primeros estudios para
desarrollo de cuestionarios se realizaron en pacie
crónicos, generalmente neurológicos o reumático1-4,
habiéndose utilizado también algunos de ellos en 
cientes cardiovasculares5,6.

Una amplia puesta al día del tema fue publicada 
Wenger et al en 19847, pareciendo evidente por aque
llas fechas la necesidad de desarrollar cuestionarios
específicos dedicados a evaluar la CV en pacientes
una patología determinada. Así, recientemente, se
utilizado en patología cardiovascular cuestionarios 
pecíficos para IM8 y para angina de pecho9, elaborados
en poblaciones americana y escandinava, respectivam
te. Sería, además, conveniente que los cuestionarios
ran distintos según las diferentes culturas, en luga
utilizar sus traducciones, aunque este hecho no está 
rado.

En nuestro país, Permanyer Miralda et al10 han publi-
cado un estudio de la CV en pacientes coronarios u
zando el Nottingham Health Profile3 y han encontrado
una buena correlación del mismo con la capacidad f
cional de los pacientes. Los mismos autores han val
do la versión española del cuestionario inglés11; pero,
sin embargo, en su trabajo10, reconocen que e
Nottingham es un cuestionario que no está diseñado 
pacientes coronarios y que puede tener limitacione
ser mejorado por otros más específicos.

Dos han sido los motivos principales que nos han 
vado a elaborar y validar un cuestionario de CV en nu
tro medio: la ausencia de cuestionarios originales
lengua castellana, y la aplicación habitual en pacien
cardíacos de cuestionarios diseñados originalmente 
otras patologías. Un cuestionario en nuestra lengu
validado con pacientes cardíacos propios obviaría
tos inconvenientes.

PACIENTES Y MÉTODOS

La CV de un paciente tiene 3 áreas de estudio: cap
dad funcional, síntomas y percepciones. Cada una
estas áreas abarca un gran número de componente
deben tenerse en consideración al diseñar un cuest
rio de CV:
.
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1. Capacidad funcional: movilidad, independencia 
autonomía en las actividades de la vida diaria; relac
nes familiares y actividad sexual; actividad laboral 
relaciones sociales; funciones intelectuales y emoc
nes; descanso, sueño y tiempo de ocio, etc.

2. Síntomas como disnea, fatiga, dolores torácicos
consecuencias derivadas de la enfermedad como ho
talizaciones, recidivas, medicación y efectos secund
rios, etc.

3. Percepciones como estado de salud, bienest
autosatisfacción, comunicación, cambios de humor, a
siedad, depresión, miedo, dudas ante el futuro, etc.

Las 3 áreas citadas y un número variable de entre 
componentes reseñados han sido siempre tenidos
cuenta por los distintos cuestionarios de CV validad
y utilizados en la literatura.

Estructuración de un nuevo cuestionario

Para poder estructurar un nuevo cuestionario deb
seguirse los pasos siguientes:

1. Creación de un proyecto de cuestionario que sir
para la selección definitiva de los ítems o cuestiones
incluir. Para ello, lo más fiable es seleccionar de cue
tionarios ya validados aquellos ítems que los investig
dores consideren interesantes para la creación del su

2. Adición a dicha lista extraída de la literatura de aqu
llos otros puntos que la experiencia de los investigad
res considere que deban ser incluidos, dependiendo
entorno cultural en el que se vaya a utilizar el cuesti
nario.

3. Selección y reducción del número de ítems: pa
ello se administra el cuestionario provisional a un gr
po de pacientes, cuyo número debe ser, al menos, ce
no al centenar, y se les encarga que puntúen cada 
de los ítems con una escala de 5 puntos, según su 
portancia (desde un punto, nada importante, hasta
puntos, extremadamente importante).

Al mismo tiempo, cada paciente puede añadir aqu
llas cuestiones que considere deban ser incluidas en
lista, puntuándose de la forma citada. Los investigad
res decidirán posteriormente sobre su inclusión defin
tiva.

4. Finalmente, se seleccionan aquellos ítems con m
yor puntuación, agrupándolos por áreas temáticas, y
confecciona con ellos el cuestionario definitivo.

5. Es conveniente que el número de ítems seleccion
dos no sea excesivo, con objeto de que el cuestiona
pueda ser contestado en un tiempo razonable (15
min).

6. En cuanto a las posibilidades de respuesta para c
ítem, es necesario que se ofrezca una escala de pun
ción de varios puntos, tipo Likert, pues ello mejora l
fiabilidad del cuestionario. En estas escalas, generalm
te de 5 puntos, el 1 representa siempre «lo mejor» y
553
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SUMMARY

The term health-related quality of life (HRQL) is a con-
cept related to the assessment of how the individual percei-
ves health and that covers both objective and subjective as-
pects. 

Despite the lack of consensus about its definition, seve-
ral tools have been developed for the measurement of
HRQL in different pathologies, such as in the ischemic car-
diopathy. These tools take into consideration different di-
mensions of the HRQL and are usually classified as generic
or specific questionnaires. 

These tools must have certain features in order to be
considered useful, allowing to record patient perceptions in
a quantitative or semi-quantitatively way that might be
communicated and used to describe, assess or compare. 

The assessment of HRQL is important due to the high
relevance of this disease in terms of epidemiology and he-
alth care, and also in terms of the related psychological as-
pects that are not always duly considered by clinicians.  

We describe the most widely used generic and specific
HRQL questionnaires in ischemic cardiopathy, indicating
the dimensions covered by each of them.  

Finally, the main uses of the measurement of HRQL in
the ischemic cardiopathy for the assessment of outcomes

are reviewed, with reference to clinical trials and cardiac
rehabilitation. It is stressed that the assessment of HRQL in
the ischemic cardiopathy provides us with a final health
outcome focused on the individual instead of the disease;
focused on how the patient feels, regardless the clinical da-
ta.  

Hence, the assessment of HRQL in the ischemic cardio-
pathy is a tool aimed to promote a patient-focused health
care and to provide information that complements the tra-
ditional clinical assessment. For this purpose, the clinical
interpretability of the different assessment questionnaires
should be further improved. © 2004 Sociedad Española
del Dolor. Published by Arán Ediciones, S.L.

Key words: Health-related quality of life. Ischemic cardio-
pathy. HRQL questionnaires. Outcome measures.

RESUMEN

El término calidad de vida relacionada con la salud
(CVRS) surge como un concepto que hace referencia a va-
loraciones de la percepción de la salud por parte del indivi-
duo, recogiendo tanto aspectos objetivos como subjetivos.

Aunque no hay un consenso en su definición, se han desarro-
llado diversos instrumentos de medición de CVRS en diferentes
patologías, entre ellas la cardiopatía isquémica. Los diversos ins-
trumentos tienen en cuenta distintas dimensiones de la CVRS y
suelen clasificarse en cuestionarios genéricos y específicos. 

Estos instrumentos deben cumplir una serie de caracte-
rísticas para ser considerados útiles, permitiendo la posibi-
lidad de registrar las percepciones del paciente de una for-
ma cuantitativa o semicuantitativa, que pueda comunicarse
y utilizarse para describir, evaluar o comparar.

La importancia de la medición de CVRS en cardiopatía
isquémica radica en la magnitud del problema de esta en-
fermedad en términos epidemiológicos y de asistencia sani-
taria, así como en los aspectos psicológicos relacionados
con ella que en ocasiones no son debidamente tenidos en
cuenta por los clínicos.

Se describen los cuestionarios de CVRS tanto genéricos co-
mo específicos más utilizados en cardiopatía isquémica, mos-
trando las dimensiones contempladas por cada uno de ellos. 

1Médico Residente de Medicina Preventiva y Salud Pública. Especialista en

Medicina Familiar y Comunitaria.
2Facultativo Especialista de Área de Medicina Preventiva y Salud Pública.
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Finalmente se analizan las principales aplicaciones de la
medición de CVRS en cardiopatía isquémica en el campo
de la evaluación de resultados, haciendo mención a los en-
sayos clínicos y a la rehabilitación cardiaca. Se pone de
manifiesto que la evaluación de la CVRS en cardiopatía is-
quémica nos aporta un resultado final de salud que se cen-
tra en la persona, no en la enfermedad; en cómo se siente
el paciente, independientemente de los datos clínicos.

Se sitúa así la medición de CVRS en cardiopatía isquémi-
ca como un instrumento para promover la atención centra-
da en el paciente, proporcionando una información com-
plementaria a la valoración clínica tradicional. Para ello
será necesario seguir mejorando la interpretabilidad clínica
de los diversos cuestionarios de medición. © 2004 Socie-
dad Española del Dolor. Publicado por Arán Ediciones, S.L.

Palabras clave: Calidad de vida relacionada con la salud.
Cardiopatía isquémica. Cuestionarios de CVRS. Medidas
de resultados.

1. CONCEPTO Y DIMENSIONES DE LA
CALIDAD DE VIDA

Hace ya varias décadas que la Organización Mun-
dial de la Salud definió la salud como un estado de
completo bienestar físico, mental y social y no úni-
camente la ausencia de enfermedad. De esta defini-
ción se desprende que la evaluación de la salud no
puede estar limitada a los factores clínicos tradicio-
nales basados en variables puramente biológicas.

Así, debe valorarse tanto el estado objetivo de la
salud, de funcionalidad y de interacción del indivi-

duo con su medio, como los aspectos más subjetivos,
que engloban el sentido general de satisfacción del
individuo y la percepción de su propia salud (1). 

En un intento de dar respuesta a estas valoraciones
más amplias de la medición de salud surge, a media-
dos de los años setenta, el término “calidad de vida”
(CV). Aparece como un concepto multidimensional
que pretende valorar el efecto que la enfermedad tie-
ne sobre el individuo en su contexto individual, fa-
miliar y social.

No existe, sin embargo, un consenso sobre la defini-
ción de calidad de vida, e incluso en la literatura se utili-
zan los términos “estado de salud”, “estado funcional”,
“calidad de vida” o “calidad de vida relacionada con la
salud” como sinónimos, cuando realmente son términos
relacionados, pero responden a conceptos distintos.

Aunque no existe una definición generalmente
aceptada y utilizada de la calidad de vida relacionada
con la salud (CVRS), Herdman y Baró (2) citan la
definición propuesta por Shumaker y Naughton, que
refleja adecuadamente el enfoque tomado por mu-
chos investigadores en este campo:

“La Calidad de Vida Relacionada con la Salud se
refiere a la evaluación subjetiva de las influencias
del estado de salud actual, los cuidados sanitarios, y
la promoción de la salud sobre la capacidad del indi-
viduo para lograr y mantener un nivel global de fun-
cionamiento que permite seguir aquellas actividades
que son importantes para el individuo y que afectan a
su estado general de bienestar. Las dimensiones que
son importantes para la medición de la CVRS son: el
funcionamiento social, físico, y cognitivo; la movili-
dad y el cuidado personal; y el bienestar emocional”. 

Los aspectos más importantes de esta definición
son el hecho de que pone el énfasis en la evaluación
subjetiva que el individuo hace de su propia CV (es
decir, que refleja la opinión del individuo sobre los
distintos aspectos de su CV), e incorpora un número
limitado y bien definido de dimensiones.

La CVRS, así definida, incorpora solamente aque-
llas dimensiones que el individuo experimenta direc-
tamente y no incluye otros elementos que aunque son
importantes en la salud, el individuo no percibe di-
rectamente (por ejemplo, las características genéti-
cas, bioquímicas o histológicas). Tampoco incorpora
aspectos externos como la vivienda, el medio am-
biente, o incluso la situación política y económica
del país. 

Aún así, no es fácil a la hora de operativizar estos
conceptos en instrumentos, separar qué parte del bie-
nestar/malestar en algunas dimensiones es debida a
elementos relacionados con la salud y la atención sani-
taria, y qué parte es debida a aspectos económicos, so-
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Calidad de vida y apoyo social en pacientes 
con infarto agudo de miocardio no complicado
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factores socioeconómicos / infarto de miocardio
Introducción. Existe una asociación entre apoyo

social y salud. En la cardiopatía isquémica apenas

se ha estudiado la influencia del apoyo social en la

calidad de vida.

Objetivos. Estudiar el entorno social, calidad de

vida y apoyo social instrumental y emocional en pa-

cientes con un primer infarto agudo de miocardio.

Pacientes y métodos. Se estudian 155 pacientes,

sometidos a dos evaluaciones: al ingreso y a los seis

meses. Se incluyeron variables clínicas, socioeconó-

micas, de apoyo social y de calidad de vida.

Resultados. Nivel socioeconómico: un 90,9% sabe

leer y escribir, y el 42,3% o no tiene ningún estudio

o poseen formación primaria incompleta. El 45,1%

estaba trabajando y seis meses después sólo se ha-

bia incorporado al trabajo un 14%, predominante-

mente obreros cualificados y con estudios secunda-

rios o superiores. El 78,7% disponía de apoyo

instrumental y un 69,9% apoyo emocional. La cali-

dad de vida mejoró del inicio (108,1 ± 19,3) al final

(101,1 ± 19,8). Existe una asociación estadística-

mente significativa entre apoyo instrumental y

emocional y calidad de vida, lo que indica que la ca-

lidad de vida está relacionada con la ayuda que re-

ciben los pacientes.

Conclusiones. La calidad de vida del paciente

está asociada al apoyo emocional y instrumental.

La percepción de apoyo depende del tamaño de la

red social. La calidad de vida y el nivel de estudios

están relacionados de tal manera que los pacientes

con peor calidad de vida tienen menor nivel de es-

tudios. Baja reincorporación al trabajo tras un pri-

mer infarto no complicado.

Palabras clave: Calidad de vida. Apoyo social. Infarto

de miocardio.
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QUALITY OF LIFE AND SOCIAL SUPPORT 

AFTER A FIRST, NON-COMPLICATED 

ACUTE MYOCARDIAL INFARCTION

Introduction. There is a relationship between so-

cial support and health. However, there is no very

much available research in the area of ischemic he-

art disease related to the influence of social sup-

port on the quality of life.

Objectives. To study the social aspects of pa-

tients. To measure emotional and instrumental so-

cial support and quality of life, after a first acute

myocardial infarction.

Patients and methods. 155 patients were studied

under two pieces of assessment: at admission’s

time and six months later. A protocol was selected

with clinical, socio-economic, social support and

quality of life variables.

Results. 90,9% could read and write, however

42.3% have any study or completed their primary

studies. Moreover, 45.1% of patients were working,

at six months only 14% of them had returned to

their jobs. They were blue and white collar patients.

Availability of instrumental and emotional social

support was referred by 78.7% and 69.9% respecti-

vely of patient’s. At the beginning, the mean quality

of life was 108.1 ± 19.3. Six months later was 101.1

± 19.1 SD. Statistics revelled that the availability of

instrumental and emotional social support impacts

favourably on human being’s health.

Conclusions. The quality of life is related to the

patient’s perceived social support. The perceived

social support depends directly on the size of their

network. Moreover, there is a relationship between

quality of life and educational achievement, so

that, the lower that patient’s quality of life, the lo-

wer the educational achievement. After the first

not complicated myocardial infarction the return to

their jobs is really low.

Key words: Social support. Quality of life. Myocardial

infarction.

(Rev Esp Cardiol1999; 52: 467-474)
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INTRODUCCIÓN

El infarto agudo de miocardio (IAM) es una de la
principales causas de muerte en los países industr
zados. El gran desarrollo tecnológico de las últim
décadas ha permitido alcanzar un diagnóstico prec
y un modelo de atención sanitaria adecuada a las ne
sidades del paciente1. Sin embargo, existen numeroso
aspectos no resueltos que influyen en la recuperac
evolución y calidad de vida (CV) del paciente que h
sufrido un IAM2. Parece razonable suponer que jun
al estado de la función cardiovascular hay que con
derar una amplia variedad de factores sociales, psi
lógicos, culturales y económicos que pueden afecta
pronóstico y a la CV del enfermo. Efectivamente, 
evidencia empírica muestra que la naturaleza de 
recursos interpersonales encontrados en el apoyo 
cial (AS) afecta a la situación del individuo y pued
reducir o aumentar la CV del paciente tras un IAM3.
Por todo ello y con objeto de valorar la relación ent
CV y AS, se ha realizado un estudio que describe
entorno social de los pacientes y analiza la influenc
del apoyo social en la calidad de vida de los pacien
con IAM no complicado.

PACIENTES Y MÉTODOS

Se ha realizado un estudio longitudinal descriptiv
de seis meses de seguimiento en pacientes con pri
episodio de IAM, en el Hospital Universitario 12 d
Octubre. La recogida de los datos se realizó desde
brero de 1994 hasta febrero de 1995. La investigac
fue realizada en un marco de población definida p
unos criterios de inclusión y de exclusión. Los cr
terios de inclusión fueron: primer episodio de infart
de ambos sexos, con edades comprendidas entre 
75 años, ingresados en el hospital y perteneciente
Área Sanitaria 11. Se excluyeron los pacientes con 
gundo infarto y aquellos que presentaron cualqu
complicación clínica grave: angina postinfarto, insuf
ciencia cardíaca (clase Killip 2 o superior, insuficien
cia mitral aguda, rotura cardíaca, o necesitaron res
ración asistida y asistencia circulatoria durante 
estancia en la unidad coronaria [UC], o necesidad 
coronariografia y/o procedimientos urgentes de reva
cularización). Se adoptaron dichos criterios de exc
sión con el fin de homogeneizar la muestra y evitar l
sesgos que las complicaciones severas pudieran in
ducir en relación con la CV.

Definiciones

Apoyo social. Se define por el conjunto de transac
ciones emocionales y materiales no regladas entre
individuos que componen la red social4. Apoyo emo-
cional. Se define por disponer de un persona o pers
nas en las que confían o pueden desahogarse cua
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se tiene problemas o preocupaciones. Se les pregu
ba a los pacientes específicamente respecto a la 
sencia o no de apoyo emocional y quién se lo prop
cionaba5,6. Apoyo instrumental. Se define como 
ayuda material dirigida hacia el individuo. Se les pr
guntaba a los pacientes si disponían de ayuda o
para realizar ciertas tareas, como recordarles la to
de la medicación, las citas con su médico, ayuda
desplazamientos habituales, realización de ejercicio
sico, prestar ayuda económica y quién se lo proporc
naba5,6.

Red social.Se define como un tipo específico de r
laciones que vincula a un grupo determinado de pe
nas, objetos o acontecimientos7. En consecuencia, y a
efectos del presente estudio, el apoyo social que las
des prestan a sus miembros constituye un factor d
sivo en el mantenimiento y mejora de la salud físi
psíquica y social.

Calidad de vida. Se define como la situación en
que el sujeto puede realizar adecuadamente las 
ciones orgánicas e instrumentales básicas, así c
las funciones sociales y las funciones de relación8. La
CV es un baremo psicométrico que se utiliza para 
lorar el estado de salud subjetivo del individuo. El n
vel de CV depende no sólo de los efectos que la 
fermedad produce en la actividad funcional habitu
sino también de las experiencias pasadas y de las
pectativas futuras, así como de las condiciones fa
liares y sociales9. La valoración de la CV persigue
como finalidad última conciliar los elementos obje
vos y subjetivos incluidos en los conceptos de salu
de enfermedad.

Infarto agudo de miocardio complicado. Se definió
como aquel paciente que sufrió en la fase aguda
IAM bien insuficiencia cardíaca, shock cardiogénic
angina postinfarto, o complicaciones mecánicas 
tipo insuficiencia mitral o pericarditis10, como se ha
comentado anteriormente.

Entrevista

Inicialmente, cada paciente del estudio fue evalua
por un cardiólogo para definir si el infarto era o n
complicado, y a continuación se esperaba a que fu
trasladado de la UC a la planta de hospitalización p
realizar la primera entrevista, una vez explicado el o
jetivo del estudio y solicitado el consentimiento. Pa
cada participante se cumplimentó un cuestionario e
que se recogió la información de las variables del e
dio en dos evaluaciones. La primera tuvo lugar en
el séptimo y decimoquinto día del ingreso y la segu
da a los seis meses. Las entrevistas fueron llevad
cabo por la primera firmante del artículo y dos pers
nas entrenadas específicamente para ello.

Variables clínicas. Se obtuvieron de la historia de
paciente y son las siguientes: edad, sexo, localizac
del infarto (anterior, inferior, lateral, antero-septal 
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NOTA METODOLÓGICA

Resumen
Objetivo: Comparar la capacidad de predicción de mortali-

dad hospitalaria de una red neuronal artificial (RNA) con el
Acute Physiology and Chronic Health Evaluation II (APACHE
II) y la regresión logística (RL), y comparar la asignación de
probabilidades entre los distintos modelos.

Método: Se recogen de forma prospectiva las variables ne-
cesarias para el cálculo del APACHE II. Disponemos de 1.146
pacientes asignándose aleatoriamente (70 y 30%) al grupo
de Desarrollo (800) y al de Validación (346). Con las mismas
variables se genera un modelo de RL y de RNA (perceptrón
de 3 capas entrenado por algoritmo de backpropagation con
remuestreo bootstrap y con 9 nodos en la capa oculta) en el
grupo de desarrollo. Se comparan los tres modelos en fun-
ción de los criterios de discriminación con el área bajo la curva
ROC (ABC [IC del 95%]) y de calibración con el test de Hosmer-
Lemeshow C (HLC). Las diferencias entre las probabilidades
se valoran con el test de Bland-Altman.

Resultados: En el grupo de validación, el APACHE II con ABC
de 0,79 (0,75-0,84) y HLC de 11 (p = 0,329); modelo RL, 
ABC de 0,81 (0,76-0,85) y HLC de 29 (p = 0,0001), y en 
RNA, ABC de 0,82 (0,77-0,86) y HLC de 10 (p = 0,404). Los
pacientes con mayores diferencias en la asignación de pro-
babilidad entre RL y RN (8% del total) son pacientes con pro-
blemas neurológicos. Los peores resultados se obtienen en
los pacientes traumáticos (ABC inferior a 0,75 en todos los
modelos). En los pacientes respiratorios, la RNA alcanza los
mejores resultados (ABC = 0,87 [0,78-0,91]).

Conclusiones: Una RNA es capaz de estratificar el riesgo
de mortalidad hospitalaria utilizando las variables del siste-
ma APACHE II. La RNA consigue mejores resultados frente
a RL, sin alcanzar significación, ya que no trabaja con res-
tricciones lineales ni de independencia de variables, con una
diferente asignación de probabilidad individual entre los mo-
delos.
Palabras clave: Mortalidad hospitalaria. Estratificación de ries-
go. Unidad de cuidados intensivos. Redes neuronales artifi-
ciales. Bootstrap.

Abstract
Objective: To compare the ability of an artificial neural net-

work (ANN) to predict hospital mortality with that of the Acute
Physiology and Chronic Health Evaluation II (APACHE II) sys-
tem and multiple logistic regression (LR). A secondary objective
was to compare the allocation of individual probability among
the models.

Method: The variables required for calculating the APACHE
II were prospectively collected. A total of 1146 patients were
divided (randomly 70% and 30%) into the Development (800)
and the Validation (346) sets. With the same variables an LR
model and an ANN were carried out (a 3-layer perceptron trai-
ned by algorithm backpropagation with bootstrap resampling
and with 9 nodes in the hidden layer) in the Development set.
The models developed were contrasted with the Validation set
and their discrimination properties were evaluated using the
area under the ROC curve (AUC [95% CI]) and calibration with
the Hosmer-Lemeshow C (HLC) test. Differences between the
probabilities were evaluated using the Bland-Altman test.

Results: The Validation set showed an APACHE II with an
AUC = 0.79 (0.75-0.84) and HLC = 11 (p = 0.329); LR model
AUC = 0.81 (0.76-0.85) and HLC = 29 (p = 0.0001) and an
ANN AUC = 0.82 (0.77-0.86) and HLC = 10 (p = 0.404). The
patients with the most important differences in the allocation
of probability between LR and ANN (8% of the total) were neu-
rological. The worst results were found in trauma patients with
an AUC of not greater than 0.75 in all the models. In respira-
tory patients, the ANN achieved the best AUC = 0.87 (0.78-
0.91).

Conclusions: The ANN was able to stratify hospital morta-
lity risk by using the APACHE II system variables. The ANN
tended to achieve better results than LR, since, in order to work,
it does not require lineal restrictions or independent variables.
Allocation of individual probability differed in each model.
Key words: Mortality. Risk assessment. Intensive Care Unit.
Artificial Neural Network. Bootstrap.
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Introducción

L
a construcción de sistemas de clasificación de pa-
cientes (o de ajuste de riesgos) permite compa-
rar la efectividad y la calidad de hospitales y los
servicios hospitalarios, aportando información útil

para la toma de decisiones de gestión y sobre el ma-
nejo de los pacientes1. Los sistemas de ajuste de ries-
gos para estratificar la gravedad de los pacientes res-
pecto a un resultado clínico, se construyen, en general,
a partir de variables asistenciales y utilizando técnicas
estadísticas basadas en la regresión logística (RL)2.

Las redes neuronales artificiales (RNA) son siste-
mas de cálculo que se asemejan a las redes neuronales
biológicas al utilizar nodos (neuronas) interconectados.
Estos nodos reciben la información, realizan operaciones
sobre los datos y transmiten sus resultados a otros
nodos. El procedimiento consiste en entrenar a las RNA
para que aprendan patrones complejos de relaciones
entre las variables predictoras y de resultado y que sean
capaces de enfrentarse a nuevos datos dando las res-
puestas esperadas3. Se definen como sistemas no li-
neales, flexibles y con gran capacidad de generaliza-
ción. Estas propiedades han hecho que se difundieran
en todos los campos científicos y que se demostrara
su equivalencia o superioridad sobre algunas técnicas
estadísticas4.

El interés en la aplicación de las RNA en medicina
durante los últimos 10 años no ha hecho más que au-
mentar, como refleja el número progresivamente cre-
ciente de publicaciones que incluyen esta metodología5,6.
Las áreas que han ido ocupando son el reconocimiento
de imágenes7, análisis de ondas8, procedimientos de
farmacología9, epidemiología10, predicción de resulta-
dos11 y procesos diagnósticos12.

La utilización de las RNA para la estratificación de
riesgo ofrece como ventaja un posible aumento del poder
predictivo (precisión), que se ha evaluado en un 5-10%,
ya que no trabajan con las limitaciones rígidas de los
modelos estadísticos13. Frente a las técnicas de RL, las
RNA tienen en cuenta las relaciones no lineales, de ma-
nera automática, sin necesidad de seguir un modelo con-
creto, y la posible interdependencia de las variables de
entrada.

En una unidad de cuidados intensivos (UCI) se uti-
lizan de forma habitual sistemas de cálculo de proba-
bilidad de muerte (como criterio de gravedad de los en-
fermos), y uno de los sistemas más habituales es el
Acute Physiology and Chronic Health Evaluation II (APA-
CHE II) construido con técnica de RL14.

Los objetivos de nuestro trabajo se centran en de-
mostrar la utilidad de la metodología basada en redes
neuronales para la estratificación de riesgos, aplicán-
dola al cálculo de probabilidad de mortalidad hospita-
laria, utilizando las variables del sistema APACHE II en

una UCI concreta. Como referencia se utiliza un mo-
delo de regresión logística.

Método

En la figura 1 se muestra el algoritmo del esquema
utilizado para el desarrollo de la metodología aplicada.

Sujetos

El estudio se ha realizado en la UCI polivalente del
Hospital Universitario Arnau de Vilanova de Lleida. Se
ha estudiado a los pacientes en un período de 5 años
(1997-2001). No se incluye a los pacientes coronarios,
los sujetos a cirugía cardíaca ni los quemados. Se ha
excluido a los pacientes menores de 16 años, los que
se han trasladado y los que han permanecido menos
de 24 h ingresados. En los pacientes que reingresan
sólo se ha tenido en cuenta el primer ingreso. Se han
recogido, de forma prospectiva por un equipo entrenado,
las variables demográficas, de evolución y de gravedad
necesarias para el cálculo del sistema APACHE II14. La
realización del estudio fue aprobada por el comité ético
del hospital asegurando en todo momento el anonimato
de los pacientes.

Paso 1

Se utilizan 14 variables fisiológicas (se amplían de
12 a 14, ya que para valorar la oxigenación utilizamos
PaO2, más FiO2 y PaCO2), la edad y dos variables para
determinar la puntuación según enfermedad crónica (en-
fermedad crónica y urgente/programado) que comple-
tan 17 variables de entrada (fig. 2). La variable de sa-
lida es la mortalidad hospitalaria. El cálculo de la
probabilidad de muerte basada en APACHE II se hace
de forma estándar, convirtiendo la puntuación APACHE
II y aplicando la fórmula logística con los coeficientes
publicados en el artículo original de Knaus et al14; no
se incluye el ajuste por grupos diagnósticos ya que mo-
tivaría añadir más de 40 variables. Los 1.146 pacien-
tes que cumplen los criterios de inclusión se asigna-
ron aleatoriamente, un 70% al grupo de desarrollo (n
= 800) y el 30% restante al grupo de validación (n =
346).

Paso 2. Remuestreo bootstrap del grupo de desarrollo

Como el número de casos disponibles para el de-
sarrollo del modelo es limitado, existe el riesgo de que
tengan una pobre representatividad de la población; por



Documento descargado de http://http://www.revistaneurocirugia.com el 31/08/2013. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.



Documento descargado de http://http://www.revistaneurocirugia.com el 31/08/2013. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.



TEUVO KOHONEN, FELLOW, IEEE, ERKKI OJA, SENIOR MEMBER, IEEE, 
OLLI STMULA, SENIOR MEMBER, IEEE, ARI VISA, SENIOR MEMBER, IEEE, AND JAR1 U N G A S  

Invited Paper 

The self-organizing map (SOM) method is a new, powerjful 
software tool fo r  the visualization of high-dimensional data. It 
converts complex, nonlinear statistical relationships between 
high-dimensional data into simple geometric relationships on a 
low-dimensional display. As it thereby compresses information 
while preserving the most important topological and metric 
relationships of the primary data elements on the display, it may 
also be thought to produce some kind of abstractions. These 
two aspects, visualization and abstraction, occur in a number 
of complex engineering tasks such as process analysis, machine 
perception, control, and communication. 

The term self-organizing map signifies a class of mappings 
defined by error-theoretic considerations. In practice they result 
in certain unsupervised, competitive learning processes, computed 
by simple-looking SOM algorithms. 

The first SOM algorithms were conceived around 1981-1982, 
and the popularity of the more advanced SOM methods is 
growing at a steady pace. Many industries have found the 
SOM-based software tools useful. The most important property 
of the SOM, orderliness of the inpikt-output mapping, can be 
utilized for  many tasks: reduction of the amount of training data, 
speeding up learning, nonlinear interpolation ,and extrapolation, 
generalization, and effective compression of information for  its 
transmission. 

~ 

I. INTRODUCTION 

A. Objectives 

The self-organizing map (SOM) is a neural-network 
model and algorithm that implements a characteristic 
nonlinear projection from the high-dimensional space of 
sensory or other input signals onto a low-dimensional 
array of neurons. The SOM is able to map a structured, 
high-dimensional signal manifold onto a much lower- 
dimensional network in an orderly fashion. The mapping 
tends to preserve the topological relationships of the signal 
domains. Due to this order, the image of the signal space 
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tends to manifest clusters of input information and their 
relationships on the map. 

Accordingly, the most important applications of the SOM 
are in the visualization of high-dimensional systems and 
processes and discovery of categories and abstractions 
from raw data. The latter operation is called the exploratory 
data analysis or “data mining.” 

In engineering, the most straightforward applications 
of the SOM are in the identification and monitoring of 
complex machine and process states, otherwise very dif- 
ficult to perceive and interpret. The SOM can also be 
utilized for the development of new pattem classification 
and target recognition systems, whereby categorization of 
the input signal states is performed by it. In combination 
with reinforcement learning, the SOM can be effectively 
used to implement various control functions. Moreover, 
the ordered signal mapping has been found very useful 
for certain tasks in telecommunications, such as increasing 
emor tolerance in signal detection and image transmission. 

B. The SOM Algor i thm 

The SOM may be described as a nonlinear, ordered, and 
smooth mapping of high-dimensional input data domains 
onto the elements of a regular, low-dimensional array. A 
physical analogy of the SOM is an ordered decoder  array 
in which one and only one of the decoders responds to a 
particular domain of input signals. It is the location of the 
decoder and not the exact magnitude of its response that 
characterizes input information. Unlike in digital-computer 
technology, however, the input signal sets can usually be 
regarded as real vectors in a metric space, typically a 
high-dimensional Euclidean space. 

This mapping is implemented by the SOM algorithm in 
the following way. Assume that the set of input variables 
{ E , }  is definable as a real vector x = [ E l ,  &, . . . ,[,IT E 
!Rn. With each element in the SOM array we associate a 
parametric real vector m, = [pzl,pLz2, . . .  ,pLznIT E Rn. 
The “image” of an input vector x on the SOM array 
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is defined by the decoder function: assuming a general 
distance measure between x and m, denoted d(x, m,), the 
image is supposed to have the array index c defined as 

c = argmin{d(x, 2 m,)}. (1) 

Our task is to define the m, in such a way that the 
mapping is ordered and descriptive of the distribution of x. 

One may try to determine the m, by an optimization 
process, following the idea of the classical vector quanti- 
zation (VQ) [49], [53], [114]. In the latter, a finite set of 
codebook vectors {m,} is placed into the space of the x 
signals to approximate them. Let p(x) be the probability 
density function of x, and let m, be the codebook vector 
that is closest to x in the signal space, i.e., d(x,m,) is 
smallest. The VQ shall then minimize the average expected 
quantization error function 

E = / f [ d ( x ,  mc)lp(x)dx (2) 

where f is some monotonically increasing function of the 
distance d. 

Notice that the index c is also a function of x and all 
the m,, whereby the integrand of E is not continuously 
differentiable: c changes abruptly when crossing a border 
in the signal space at which two codebook vectors have the 
same value of distance function. Minimization of E may 
lead to a complicated treatment [97]. 

The set of values {m,} that minimizes E is the solution 
of the VQ problem, and the signal space is mapped onto 
the set of codebook vectors. However, the indexing of 
these values can be made in an arbitrary way, whereby 
this mapping is still unordered. 

One of the authors [97] has shown that if E is modified in 
such a way that the quantization error is smoothed locally, 
and the smoothing kernel he, is a particular type of function 
of the distance between units c and i in the array, then 
minimization of the new objective function 

defines ordered values of the m,, almost as if the m, were 
lying at the nodes of an “elastic net” (see Fig. 1), which is 
fitted to p(x) in the signal space. One may also state that 
orderliness of the m, is a condition for the minimum of 
E’ in many cases. 

Unfortunately, the minimization of (3) ,  even in the 
most fundamental cases, has not yet succeeded in closed 
form, and algorithms attempting to do it accurately have 
turned out to be too complicated for practical applications. 
Notwithstanding the so-called stochastic approximation 
[148] minimization of E’ seems to yield fairly good 
approximations for {m,} in general. Consider x = x(t) at 
the discrete-time step t .  Let m,(t) be the approximation 
of m, at time t ,  and consider the sample function E”(t) 
of E‘, defined as 

(4) 

Fig. 1. An “elastic net” formed of the codebook vectors m, 
(points connected by lines that describe the neighborhood relations) 
approximates here a three-dimensional (3-D), structured density 
function p(x) (uniform within the “cactus,” zero outside it) in an 
orderly fashion. 

The approximate optimization algorithm is then 

m,(t + 1) = m,(t) - (1/2)X(t)aE”/am,(t) (5) 

where X ( t )  is a small positive scalar factor that determines 
the size of the gradient step at time t. This algorithm has 
been derived by approximating the gradient of E’ at step t 
using the sample x(t) and approximate values m,(t). This 
is a classical and thoroughly investigated approach [ 1481. 
If the function X ( t )  is chosen suitably, the sequence of the 
m,(t) will always converge to the set of values {mf} that 
approximates the solution for { m,}. 

Many different SOM algorithms can be represented by 
(5).  For instance, if d(x,  m,) = IIx - m,ll and f ( d )  = d 2 ,  
where the norm is Euclidean, we obtain the traditional SOM 
algorithm that was initially constructed with the “elastic 
net” analogy in mind 

m,(t + 1) = m,(t) + h,,(t)[x(t) - m,(t)]. (6) 

Here X ( t )  has been combined with h,,(t). The simplest but 
still very effective definition of h,,(t) is: hc,(t) = a(t) ,  
where a( t )  is another small scalar, if the distance between 
units i and c in the array is smaller than or equal to a 
specified limit (radius), and h,,(t) = 0 otherwise. During 
the course of the ordering process, both a(t)  and the radius 
decrease monotonically with time, whereby 0 < a(t)  < 1. 
Let us call the set of neighboring units defined in this way 

\ 

N, = N,(t). 
We can express the simpler SOM equations as 

m,(t + 1) = m,(t) + a(t)[x(t) - m,(t)l 

m,(t + 1) = m,(t) if i N,(t). (7) 

if i E N,(t), 
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The SOM algorithm can be further simplified in the follow- 
ing way. In the convergence limit every m; = m: must 
satisfy the equilibrium condition 

E{h,.(x-m:)} = O  (8) 

where E is the mathematical expectation value operator. An 
alternative way of writing (8) is 

(9) 

It has to be noted that m,* has thereby not been solved 
explicitly; the index c on the right side still depends on 
x and all the m,*. Nonetheless, the m,* can be solved 
iteratively. For instance, if h,, is defined as in (7), we have 

where V,  means the domain of vectors x, whose nearest 
codebook vector belongs to the neighborhood set N, of 
cell i .  The iterative solution can then be expressed as the 
following steps. This algorithm, dubbed the Batch Mup, 
resembles the familiar Linde-Buzo-Gray (LBG) algorithm 
for VQ [114], where all the training samples are assumed 
to be available when learning begins. The learning steps 
are defined as follows: 

for the initial codebook vectors m,, take, for instance, 
copies of the first training samples x; 
for each map unit i ,  collect a list of copies of all those 
training samples x, whose nearest codebook vector 
belongs to the neighborhood set N, of cell i ;  
take for the new value of each new codebook vector 
the mean over the respective list: 
repeat from step 2) a few times. 

C. Guidelines for Reading ' 

Many tutorial texts and surveys on the SOM have been 
published [85], [102], [93], [145]. A software package that 
contains all the central procedures, a number of monitoring 
and diagnostic programs, and exemplary data is freely 
available in the Internet 1991. Over 2300 research papers 
have been published on the SOM; a list of them is available 
in the Internet [99]. 

In view of this affluent information available on the SOM, 
we are not going to describe in this paper any more refined 
details of the algorithm itself; if the readers intend to use 
the SOM, they are urged to consult the original references. 
Our purpose here is to concentrate on considering, with the 
aid of a few concrete case examples, how to choose the 
variables for a particular problem, how to preprocess them, 
how to dimension the map, and how to combine the SOM 
with other algorithms. 

Section I1 describes general principles of preprocess- 
ing. Sections 111-VI discuss selected cases of the applica- 
tion of the SOM to some major engineering fields, and 
Sections VI1 and VI11 will complete the discussion. 

11. PREPROCESSING AND FEATURE EXTRACTION 
Only in few particular applications of the SOM, e.g., 

exploratory data analysis, the primary data may be used 
almost directly as such. In most engineering applications the 
neural networks constitute the interface between real-world 
situations and machines, whereby the measurements may be 
made using very sophisticated instruments. The real-world 
measurements contain variations for very different reasons: 
due to movements of the objects, differing illuminating con- 
ditions, heavy disturbances and noise, aging of the devices 
and their faults, etc., which then should be eliminated or 
compensated for. Especially in computer vision, it is often 
necessary to extract a set of invariant features from the pri- 
mary observations, and this is frequently done by nonneural 
preprocessing methods. The share of preprocessing of all 
computations may be much larger than that of decision 
making. 

The purpose of Section I1 is to emphasize the importance 
of preprocessing and to give a few general practical advices. 

A. Selection of Input Variables and Their Scaling 
Consider first a set of simple measurements, whereby 

invariances of signal patterns are not yet taken into account. 
The measurements may have been taken with very differ- 
ent devices and in different scales. In statistical decision 
making, the set of measurements is often regarded as a 
metric vector that may be analyzed relating to the Euclidean 
space. The various elements of the vectors should therefore 
represent information in as balanced way as possible. 

If the number of measuring channels or variables to be 
considered is very large, i.e., thousands, it will be necessary 
to select a much smaller number of representative variables 
to the inputs of the neural network. To this end one might 
analyze the information-theoretic entropy measure of the 
different channels to decide which variables should be 
selected. 

To equalize the contributions of the different variables 
to the classification results, the simplest method is to 
normalize all variables into scales in which, e.g., the mean 
of each variable is zero and its variance is the same. 

In the general case the variables are mutually dependent, 
i.e., their joint distribution is structured and cannot be 
expressed as the product of marginal distributions. In such 
a case it is advisable to first make a clustering analy- 
sis of the measurements, e.g., by the Summon projection 
method [150] in order to deduce whether simple rescaling 
is sufficient to separate the clusters, or whether the primary 
measurements should be somehow combined to eliminate 
their interdependence. 

In Section 111 we will discuss two particular examples 
that are characteristic of measurements made in engineer- 
ing, and for which a simple rescaling has been sufficient. 

B. Feature Extraction 
The real-world signals are usually transformed into mea- 

surements in their passage through different systems, often 
characterizable by some integral transforms, and the ba- 
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ANEXO 4 
 

TEMORES, PREOCUPACIONES Y AFECTACIÓN DE LA CALIDAD DE VIDA 
DIARIA DE PACIENTES POST INFARTO AGUDO DE MIOCARDIO. 

  





VALORACIÓN NIVEL DE PREOCUPACIÓN PACIENTES POST 
INFARTADOS  

 
- Fecha de nacimiento:                                  

- Lugar de nacimiento (País):              

- Fecha de ingreso hospitalario:                        

- Sexo: Hombre          Mujer 

- Estado civil: Soltero       Casado      Viudo/separado       

- Vive: Solo        Acompañado  

-¿Cuántos infartos previos ha tenido? 1       2        3       4       5 

- Situación laboral: Activo      Paro         Jubilado 

De los siguientes temas, señale su nivel real de preocupación en este momento. 
 
Por ejemplo: 1.-"Tengo sobrepeso, pero ahora no me preocupa demasiado el perder unos kilos" 
                    2.- "Tengo un peso adecuado, por lo que esta pregunta no es aplicable en mí" 
 

 1 
Nada 

2 
Poco 

3 
Normal 

4 
Bastante 

5 
Mucho No aplicable 

1.- Reducción de Peso              

2.- Reducción de Peso              

 



A partir de ahora, le preocupa....? 1 
Nada  

2 
Poco 

3 
Normal 

4 
Bastante 

5 
Mucho  

No 
aplicable 

1. ¿Su reducción del  peso?       

2. ¿Volver a fumar?       

3. ¿La forma en la que va a alimentarse?  
  (Ej: reducir el consumo de embutidos)       

4. ¿El esfuerzo que va a realizar para hacer de vientre?       

5. ¿Su capacidad para  realizar su higiene personal?       

6. ¿Qué su tensión arterial esté elevada?       

7. ¿Qué su colesterol esté elevado?        

8. ¿Descansar por la noche?       

9. ¿Volver  al trabajo?       

10. ¿El cambio en sus actividades de ocio (deportes,  
viajes) a partir de ahora?       

11. ¿Disfrutar de la vida en compañía de amigos-familia 
de ahora en adelante?       

12. ¿Su satisfacción sexual de ahora en adelante?       

13. ¿El  cambio en alguna actividad cotidiana de su vida                  
(Ej: No poder conducir)?       



A partir de ahora, le preocupa....? 1 
Nada  

2 
Poco 

3 
Normal 

4 
Bastante 

5 
Mucho  

No 
aplicable 

14. ¿Sufrir un nuevo infarto?       

15. ¿Morir?       

16. ¿Perder su autonomía? (Ej. Que mi familia se haga 
cargo de mis cuidados)       

17. ¿Permanecer ingresado?        

18. ¿Se encuentra tenso en el entorno hospitalario?       

19. ¿Está satisfecho con la información que recibe de su 
estado de salud?       

20. ¿Quiere añadir algún temor que siente que no le hayamos preguntado? 
 
 
 
 
 
 
21. ¿Hay alguna otra cosa de la que no hayamos hablado que nos quisiera mencionar? 
 
 
 
 
 
 



CONSENTIMIENTO INFORMADO 
 
 
 
 
Acepto participar en el estudio “TEMORES, 
PREOCUPACIONES Y AFECTACIÓN DE LA CALIDAD DE 
VIDA DIARIA DE PACIENTES POST INFARTO AGUDO 
DE MIOCARDIO” que se lleva a cabo en la planta de 
Cardiología del Hospital Miguel Servet. 
 
Mediante la contestación de dos formularios y 
garantizándose mi privacidad, participo en un estudio de 
Investigación cuyo fín es mejorar la atención e información 
en manos del personal de Enfermería. 
 
 
 
 
 
 
 
Sr/sra ……………………………………………………………………………. 
 
 
Firma: 
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1. Introduction 
This guide has been developed in order to give users basic information on how to use EQ-5D. Topics include 

administering the instrument, setting up a database for data collected using EQ-5D as well as information 

about how to present the results. Also included are several frequently asked questions dealing with common 

issues regarding the use of EQ-5D and a list of currently available EuroQol Group products. 

 

1.1. The EuroQol Group 
• The EuroQol Group is a network of international multidisciplinary researchers devoted to the 

measurement of health status. Established in 1987, the EuroQol Group originally consisted of 

researchers from Europe, but nowadays includes members from North America, Asia, Africa, Australia, 

and New Zealand. The Group is responsible for the development of EQ-5D, a preference based 

measure of health status that is now widely used in clinical trials, observational studies and other health 

surveys. 

• The EuroQol Group has been holding annual scientific meetings since its inception in 1987.  

• The EuroQol Group can be justifiably proud of its collective scientific achievements over the last 20 

years. Research areas include: valuation, EQ-5D use in clinical studies and in population surveys, 

experimentation with the EQ-5D descriptive system, computerized applications, interpretation of EQ-5D 

ratings and the role of EQ-5D in measuring social inequalities in self-reported health. 

• The EuroQol Group’s website (www.euroqol.org) contains detailed information about EQ-5D, guidance 

for users, a list of available language versions, EQ-5D references and contact details. 

 

1.2. EQ-5D 
EQ-5D is a standardised measure of health status developed by the EuroQol Group in order to provide a 

simple, generic measure of health for clinical and economic appraisal1. Applicable to a wide range of health 

conditions and treatments, it provides a simple descriptive profile and a single index value for health status 

that can be used in the clinical and economic evaluation of health care as well as in population health 

surveys (Figure 1). 

 

EQ-5D is designed for self-completion by respondents and is ideally suited for use in postal surveys, in 

clinics, and in face-to-face interviews. It is cognitively undemanding, taking only a few minutes to complete. 

Instructions to respondents are included in the questionnaire.   

1.2.1.  EQ-5D-3L 
The EQ-5D 3 level version (EQ-5D-3L) was introduced in 1990. The EQ-5D-3L essentially consists of 2 

pages - the EQ-5D descriptive system (page 2) and the EQ visual analogue scale (EQ VAS) (page 3). The 

EQ-5D-3L descriptive system comprises the following 5 dimensions: mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression. Each dimension has 3 levels: no problems, some problems, 

extreme problems. The respondent is asked to indicate his/her health state by ticking (or placing a cross) in 

the box against the most appropriate statement in each of the 5 dimensions. The EQ VAS records the 

                                                
1 EuroQol Group. EuroQol-a new facility for the measurement of health-related quality of life. Health Policy 1990;16:199-208 
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respondent’s self-rated health on a vertical, visual analogue scale where the endpoints are labelled ‘Best 

imaginable health state’ and ‘Worst imaginable health state’. This information can be used as a quantitative 

measure of health outcome as judged by the individual respondents. It should be noted that the numerals 

1-3 have no arithmetic properties and should not be used as a cardinal score.  

 





SAMPLE

6

To help people say how good or bad a health state is, we have drawn a 

scale (rather like a thermometer) on which the best state you can 

imagine is marked 100 and the worst state you can imagine is marked 

0.

We would like you to indicate on this scale how good or bad your own 

health is today, in your opinion. Please do this by drawing a line from 

the box below to whichever point on the scale indicates how good or 

bad your health state is today. 

Your own 
health state 

today 

9 0 

100

8 0 

7 0 

6 0 

5 0 

4 0 

3 0 

2 0 

1 0 

0
Worst 

imaginable 
health state 

Best
imaginable 
health state 
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To help people say how good or bad a health state is, we have drawn a 

scale (rather like a thermometer) on which the best state you can 

imagine is marked 100 and the worst state you can imagine is marked 

0. 

 

We would like you to indicate on this scale how good or bad your own 

health is today, in your opinion. Please do this by drawing a line from 

the box below to whichever point on the scale indicates how good or 

bad your health state is today. 

 
 
 
 
 
 
 
 
 
 

Your own 
health state 

today 

9 0 

100 

8 0 

7 0 

6 0 

5 0 

4 0 

3 0 

2 0 

1 0 

0 
Worst 

imaginable 
health state 

Best  
imaginable 
health state 
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1.3. What is a health state? 
Each of the 5 dimensions comprising the EQ-5D descriptive system is divided into 3 levels of perceived 

problems: 

 

Level 1: indicating no problem 

Level 2: indicating some problems 

Level 3: indicating extreme problems 

 

A unique health state is defined by combining 1 level from each of the 5 dimensions. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

A total of 243 possible health states is defined in this way. Each state is referred to in terms of a 5 digit code. 

For example, state 11111 indicates no problems on any of the 5 dimensions, while state 11223 indicates no 

problems with mobility and self care, some problems with performing usual activities, moderate pain or 

discomfort and extreme anxiety or depression. 

 

Note: Two further states (unconscious and death) are included in the full set of 245 EQ-5D health states, but 

information on these states is not collected via self-report. 
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3. Scoring the EQ VAS 
 
The EQ VAS should be scored as follows: 
 

 

For example this 
response should be 
coded as 77 

 

 

 
 
Even though the line 
does not cross the 
VAS this response 
can still be scored by 
drawing a horizontal 
line from the end 
point of the response 
to the VAS. In this 
example the 
response should be 
coded as 77 

 
 
 

NB: Missing values should be coded as ‘999’.  

NB: Ambiguous values (e.g. the line crosses the VAS twice) should be treated as missing values. 
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4. Converting EQ-5D states to a single summary index 
 

EQ-5D health states, defined by the EQ-5D descriptive system, may be converted into a single summary 

index by applying a formula that essentially attaches values (also called weights) to each of the levels in 

each dimension. The index can be calculated by deducting the appropriate weights from 1, the value for full 

health (i.e. state 11111). Information in this format is useful, for example, in cost utility analysis. 

 

Value sets have been derived for EQ-5D in several countries using the EQ-5D visual analogue scale (EQ-5D 

VAS) valuation technique or the time trade-off (TTO) valuation technique. The list of currently available value 

sets with the number of respondents and valuation technique applied is presented in table 1. Most of the EQ-

5D value sets have been obtained using a representative sample of the general population, thereby ensuring 

that they represent the societal perspective. For anyone working with EQ-5D data, an essential guide to the 

Group’s available value sets can be found in: EuroQol Group Monograph series: Volume 2: EQ-5D value 

sets: inventory, comparative review and user guide, recently published by Springer (see section 8 for more 

information). 

 
Table 1: List of available value sets (references available on the website) 

Country N Valuation method 
Belgium 722 EQ-5D VAS 
Denmark 1686 EQ-5D VAS 
Denmark 1332 TTO 
Europe 8709 EQ-5D VAS 
Finland 1634 EQ-5D VAS 
France 443 VAS/TTO 
Germany 339 EQ-5D VAS 
Germany 339 TTO 
Japan 621 TTO 
Netherlands 309 TTO 
New Zealand 1360 EQ-5D VAS 
Slovenia 733 EQ-5D VAS 
Spain 300 EQ-5D VAS 
Spain 1000 TTO 
Thailand 1324 TTO 
UK 3395 EQ-5D VAS 
UK 3395 TTO 
US 4048 TTO 
Zimbabwe 2440 TTO 
 
In development: 

Canada, Chile, Italy and Singapore 

 

Documents containing the scoring algorithms, information on the valuation studies, tables of values for all 

243 health states and SPSS and SAS syntax files can be ordered from the EuroQol Executive Office 

(userinformationservice@euroqol.org). 
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5. Organising EQ-5D-3L data 
 
Data collected using EQ-5D-3L can be entered in a database according to the following schema: 
 
Variable 
name ID COUNTRY YEAR MOBILITY SELFCARE ACTIVITY PAIN ANXIETY 
Variable 
description 

patient ID 
number 

    1=No 
Problems, 
2=Some 
problems, 
3=Extreme 
problems, 
9=Missing 
value 

1=No 
Problems, 
2=Some 
problems, 
3=Extreme 
problems, 
9=Missing 
value 

1=No 
Problems, 
2=Some 
problems, 
3=Extreme 
problems, 
9=Missing 
value 

1=No 
Problems, 
2=Some 
problems, 
3=Extreme 
problems, 
9=Missing 
value 

1=No 
Problems, 
2=Some 
problems, 
3=Extreme 
problems, 
9=Missing 
value 

Data row 1 1001 UK  2006 2 1 2 2 1 
Data row 2 1002 UK  2006 1 1 1 1 1 
 
Variable 
name STATE EQ_VAS SEX AGE EDU METHOD SOC_ECON 
Variable 
description 

  999= 
Missing 
value 

1=male, 
2=female, 
9=Missing 
value 

999= 
Missing 
value 

1=low, 
2=medium, 
3=high, 
9=Missing 
value 

0=postal, 
1=interview, 
2=telephone, 
9=Missing value 

1=employed, 
2=retired,      
….., 9=Missing 
value 

Data row 1 21221 80 1 43 1 0 1 
Data row 2 21111 90 2 24 2 0 4 
 
 

NB: The variable names are just examples. However, the variables for the 5 dimensions of the EQ-5D 
descriptive system should be named 'mobility', 'self-care', 'activity', 'pain', and 'anxiety'. If they are given 
different names the syntax codes containing the value sets that are distributed by the EuroQol Group will 
not work properly. 
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6. Presenting EQ-5D-3L results 
 

Data collected using EQ-5D-3L can be presented in various ways. A basic subdivision can be made 

according to the structure of the EQ-5D-3L: 

1. Presenting results from the descriptive system as a health profile 

2. Presenting results of the EQ VAS as a measure of overall self-rated health status 

3. Presenting results from the EQ-5D-3L index value 

 

The way results can be presented is determined both by the data and by what message you, as a 

researcher, wish to convey to your audience. 

6.1. Health profiles 
One way of presenting data as a health profile is by making a table with the frequency or the 

proportion of reported problems for each level for each dimension.  These tables can be broken down 

to include the proportions per subgroup, such as age, before vs. after treatment, treatment vs. 

comparator, etc.  

 

Sometimes it is more convenient to dichotomise the EQ-5D levels into 'no problems' (i.e. level 1) and 

'problems' (i.e. levels 2 and 3), thereby changing the profile into frequencies of reported problems. 

This can be the case, for example, in a general population survey where the numbers of reported 

level 3 problems are very low. Tables 2 and 3 are examples of how to present EQ-5D data in 

tabulated form. The data for the tables originates from a general population survey in the UK2. 

 
Table 2: Proportion of levels 1, 2 and 3 by dimension and by age group 

    AGE GROUPS   
EQ-5D DIMENSION 18-29 30-39 40-49 50-59 60-69 70-79 80+ TOTAL 

Level 1 95.4 92.2 89.7 78.1 70.7 60.2 43.3 81.6 
Level 2 4.6 7.6 9.9 21.9 29.3 39.8 56.7 18.3 MOBILITY 
Level 3 0.0 0.1 0.4 0.0 0.0 0.0 0.0 0.1 
Level 1 99.1 98.4 95.8 94.8 94.3 92.6 83.7 95.7 
Level 2 0.9 1.5 4.0 5.2 5.5 7.1 15.6 4.1 SELF-CARE 
Level 3 0.0 0.1 0.2 0.0 0.2 0.2 0.7 0.1 
Level 1 93.3 91.4 89.2 78.1 75.3 73.7 56.0 83.7 
Level 2 6.3 7.9 9.4 18.8 21.6 22.1 38.3 14.2 

USUAL 
ACTIVITIES 

Level 3 0.4 0.7 1.5 3.0 3.1 4.2 5.7 2.1 
Level 1 83.9 80.7 74.1 56.3 53.8 44.0 39.7 67.0 
Level 2 15.8 17.7 22.8 38.1 40.6 48.4 49.6 29.2 

PAIN / 
DISCOMFORT 

Level 3 0.3 1.6 3.1 5.6 5.6 7.6 10.6 3.8 
Level 1 86.5 82.6 81.3 72.8 72.0 74.7 75.2 79.1 
Level 2 12.6 16.4 16.9 24.4 25.1 22.6 24.1 19.1 

ANXIETY / 
DEPRESSION 

Level 3 0.9 1.0 1.8 2.8 2.9 2.7 0.7 1.8 

                                                
2Kind P, Dolan P, Gudex C, Williams A. Variations in population health status: results from a United Kingdom 
national questionnaire survey Bmj 1998;316 (7133): 736-41. 
 



 

Page | 13 
 

Table 3: Frequency of reported problems by dimension and age group 

    AGE GROUPS   
EQ-5D DIMENSION 18-29 30-39 40-49 50-59 60-69 70-79 80+ TOTAL 

No problems 643 631 489 362 339 246 61 2770 MOBILITY 
Problems 31 53 56 101 140 162 81 625 
No problems 668 673 522 439 452 378 119 3251 SELF-CARE 
Problems 6 11 23 24 27 30 23 144 
No problems 629 625 486 362 361 301 80 2842 USUAL 

ACTIVITIES Problems 45 59 59 101 118 107 62 553 
No problems 566 552 404 261 258 179 56 2275 PAIN / 

DISCOMFORT Problems 108 132 141 202 221 229 86 1120 
No problems 583 565 443 337 345 305 107 2684 ANXIETY / 

DEPRESSION Problems 91 119 102 126 134 103 35 711 
 
In addition to presenting the results in tabulated form, you can also use graphical presentations. Two 

or 3 dimensional bar charts can be used to summarise the results in 1 graph, (see figure 2). Figure 2 

shows the sum of the proportion of reported level 2 and level 3 problems for each of the 5 EQ-5D-3L 

dimensions for 3 distinct age groups. Older people reported more problems on all dimensions but the 

effect of age was strongest for mobility and weakest for anxiety/depression. 

 
Figure 2: Profile of the population (% reporting problem) 

 

 

6.2. EQ VAS 
In order to present all aspects of the EQ VAS data, you should present both a measure of the central 

tendency and a measure of dispersion. This could be the mean values and the standard deviation or, 

if the data is skewed, the median values and the 25th and 75th percentiles. An example is presented 

in table 4. The data for the table originates from a general population survey in the UK3. 

 

 

 

                                                
3 Kind P, Dolan P, Gudex C, Williams A. Variations in population health status: results from a United Kingdom 
national questionnaire survey Bmj 1998;316 (7133): 736-41. 
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Table 4: EQ VAS values by age – mean + standard deviation and median + percentiles 

  AGE GROUPS   
 EQ VAS 18-29 30-39 40-49 50-59 60-69 70-79 80+ TOTAL 

Mean 87.0 86.2 85.1 81.3 79.8 75.3 72.5 82.8 
- Std dev 13.8 14.6 15.5 46.8 17.5 18.5 18.2 23.1 
Median 90 90 90 86 85 80 75 90 
- 25th 80 80 80 70 70 65 60 75 
- 75th 98 95 95 95 93 90 88 95 

 
You can present a graphical representation of the data by using bar charts, line charts, or both (see 

figure 3). Figure 3 shows the mean EQ VAS ratings reported by men, women and both for 7 distinct 

age groups. The mean EQ VAS ratings are seen to decrease with increasing age. Also, men of all 

age groups reported higher EQ VAS ratings than women.  

 

Figure 3: Mean population EQ VAS ratings by age group and sex 

 
 

6.3. EQ-5D index 
Information about the EQ-5D index can be presented in much the same way as the EQ VAS data. 

This means that for the index, you can present both a measure of the central tendency and a 

measure of dispersion. This could be the mean values and the standard deviation (or standard error). 

If the data is skewed, the median values and the 25th and 75th percentiles could be presented. 

Tables 5 and 6 and figures 4 and 5 contain 2 examples of how to present EQ-5D index results. Table 

5 and figure 4 present the results from a study where the effect of a treatment on health status is 

investigated. Table 6 and figure 5 show results for a patient population and 3 subgroups (the tables 

and figures are based on hypothetical data and for illustration purposes only).  
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Table 5: EQ-5D-3L index values before and after treatment  

 EQ-Index Before treatment After treatment 
Mean 0,59 0,76 

- Std error 0,012 0,015 

Median 0,60 0,70 

- 25th 0,50 0,65 
- 75th 0,70 0,80 

     
N 120 110 

 
Table 6: EQ-5D-3L index values for the total patient population and the 3 subgroups 

 
EQ-Index All patients Subgroup 1 Subgroup 2 Subgroup 3 

Mean 0,66 0,45 0,55 0,90 

- Std error 0,010 0,013 0,015 0,010 

Median 0,55 0,40 0,55 0,95 

- 25th 0,50 0,30 0,50 0,80 
- 75th 0,70 0,50 0,60 1,00 

     
N 300 100 75 125 

 
Figure 4: EQ-5D-3L index values before and after treatment: mean values and 95% confidence intervals 

 
 
Figure 5: Mean EQ-5D-3L index values and 95% confidence intervals for the total patient population and 3 

subgroups. 
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7. EQ-5D Products 
7.1. EQ-5D-3L Translations and other formats 

 

 

The EQ-5D-3L (EQ-5D 3 level) self complete paper version is currently translated 

in more than 150 language versions. If you want to know whether an EQ-5D-3L 

language version exists for your country, please consult the website 

(www.euroqol.org). 

 

Likewise, although the EQ-5D-3L was also primarily designed as a pen-and-paper 

self-complete instrument, it is now available in alternative formats and modes of 

administration, and in multiple translations e.g.  

• Tablet and web-based versions 

• PDA versions 

• IVR 

• Proxy versions 

• Versions for telephone and face-to-face interviews 

  

If you are interested in using one of these alternative formats or modes of 

administration, please contact the EuroQol Executive Office 

7.2. Other EQ-5D Products 

7.2.1. EQ-5D-5L Translations and formats 
 The EQ-5D-5L self-complete paper version is currently available in more than 50 

different language versions. If you want to know whether an EQ-5D-5L version 

exists for your country, please consult the website (www.euroqol.org).  

 

Likewise, although the EQ-5D-5L was primarily designed as a pen-and-paper, 

self-complete instrument, it will increasingly become available in alternative 

formats and modes of administration. These include:  

 

• Tablet and web-based versions 

• PDA versions 

• IVR 

• Proxy versions 

• Versions for telephone and face-to-face interviews 

 

7.2.2. EQ-5D-Y Translations 
 The EQ-5D-Y is an EQ-5D-3L self complete youth version for children and 

adolescents aged 7-12 years. At present, this version is available in 9 different 

languages. If you want to know if there is an EQ-5D-Y version appropriate for your 

country, please consult the website (www.euroqol.org). 
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7.3. Translation process 
All translation/adaptations of EQ-5D are produced using a standardized translation protocol that 

conforms to internationally recognized guidelines. These guidelines aim to ensure equivalence to the 

English ‘source’ version and involve a forward/backward translation process and cognitive debriefing. 

Only the EuroQol Executive Office can give permission for a translation to be performed and 

translations can only be stamped as official if they are performed in cooperation with EuroQol Group 

reviewers.  

7.4. How to obtain EQ-5D? 
All self-report and alternative modes of self-report versions in different languages must be obtained 

exclusively from the EuroQol Executive Office. IVR, web, tablet and PDA versions are exclusively 

provided via the EuroQol Group’s preferred vendors. Normally only the language(s) appropriate to 

the country where the research request originates will be supplied. Licensing fees are determined by 

the EuroQol Executive Office on the basis of information provided by the user. Whether a fee is 

appropriate depends upon the type of study, size and/or number of patients/respondents and 

requested languages.  
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8. FAQ’s 
 

1. For what period of time does EQ-5D-3L record health status? 

Self-reported health status captured by EQ-5D-3L relates to the respondent’s 

situation at the time of completion. No attempt is made to summarise the recalled 

health status over the preceding days or weeks, although EQ-5D-3L has been tested 

in recall mode. An early decision taken by the EuroQol Group determined that health 

status measurement ought to apply to the respondent’s immediate situation - hence 

the focus on ‘your own health state today’. 

 

2. Can I use only the EQ-5D-3L descriptive system or only the EQ VAS? 

We cannot advise this. EQ-5D-3L is a 2-part instrument so if you only use 1 part you 

cannot claim to have used EQ-5D-3L in your publications. 

 

3. How long should the EQ VAS be? 

Officially, for paper versions, the EQ VAS scale should be 20cms. All methodological 

and developmental work has been carried using this length. To ensure that you print 

the correct length, make sure your paper size is set at A4 and the box in your printing 

instructions labelled ‘scale to paper size’ is set at ‘no scaling’. 

 

4. Can I publish our study using EQ-5D? 

Yes, you are free to publish your results. If you are reproducing the EQ-5D in an 

appendix we request that you use the sample version of EQ-5D-3L and that the 

following text is included in the footer: © 1990 EuroQol Group. EQ-5D™ is a trade 

mark of the EuroQol Group. 

 

5. What is the difference between the EQ-5D-3L descriptive system and the EQ VAS? 

The descriptive system can be represented as a health state, e.g. health state 11212 

represents a patient who indicates some problems on the usual activities and 

anxiety/depression dimensions. These health states can be converted to a single 

index value using (one of) the available EQ-5D-3L value sets. These value sets have 

been derived using VAS or TTO valuation techniques, and reflect the opinion of the 

general population. The EQ VAS scores are patient-based and are therefore not 

representative of the general population. The EQ VAS self-rating records the 

respondent’s own assessment of their health status. The EQ VAS scores however 

are anchored on 100 = best imaginable health and 0 = worst imaginable health, 

whereas the value sets are anchored on 11111 = 1 and dead = 0 and can therefore 

be used in QALY calculations. 
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6. What is the difference between the VAS and TTO techniques? 

The difference between the value sets based on TTO and those based on VAS is 

that the techniques used for the elicitation of the values on which the models are 

based differ. In the TTO task, respondents are asked, for example, to imagine they 

live in a health state (e.g. 22222) for 10 years and then asked to specify the amount 

of time they are willing to give up to live in full health instead (i.e. 11111). For 

example, someone might find 8 years in 11111 equivalent to 10 years in 22222. The 

VAS technique on the other hand, asks people to indicate where, on a vertical 

thermometer-like scale ranging from best imaginable health to worst imaginable 

health, they think a health state should be positioned.  

 

7. General population value sets vs patient population value sets 

If you want to undertake a utility analysis you will need to use a value set. Generally 

speaking utility analysis requires a general population-based value set (as opposed 

to a patient-based set). The rationale behind this is that the values are supposed to 

reflect the preferences of local taxpayers and potential receivers of healthcare. 

Additionally, patients tend to rate their health states higher than the general 

population because of coping etc, often underestimating their need for healthcare. 

The EQ-5D-3L value sets are therefore based on the values of the general 

population.  

 

8. Multinational clinical trials 

Information relating to EQ-5D health states gathered in the context of multinational 

trials may be converted into a single summary index using one of the available EQ-

5D-3L value sets. There are different options available to do this using appropriate 

value sets-however the choice depends on the context in which the information will 

be used by researchers or decision makers. In cases where data from an 

international trial are to be used to inform decision makers in a specific country, it 

seems reasonable to expect  decision makers to be interested primarily in value sets 

that reflect the values for EQ-5D-3L health states in that specific country. So for 

example, if applications for reimbursement of a drug are rolled out from country to 

country, country-specific value sets should be applied and reported in each 

pharmaco-economic report. This is no different from the requirement to use country-

specific costs. In the absence of a country-specific value set, the researcher should 

select another set of values for a population that most closely approximates that 

country. Sometimes however, information about utilities is required to inform 

researchers or decision makers in an international context. In these instances, 1 

value set applied over all EQ-5D health states data is probably more appropriate. 

The decision about which value set to use will also depend on whether the relevant 

decision making body in each country specifies any requirements or preferences in 

regard to the methodology used in different contexts (e.g. TTO, standard gamble 

(SG), VAS or discrete choice modelling (DCM)). These guidelines are the topic of an 
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international ongoing debate but the EuroQol Group website is planning to provide a 

summary of health care decision-making bodies internationally, and their stated 

requirements regarding the valuation of health states. Detailed information regarding 

the valuation protocols, guidelines on which value set to use and tables of all 

available value sets has recently been published by Springer in: EuroQol Group 

Monograph series: Volume 2: EQ-5D value sets: inventory, comparative review and 

user guide’ (see section 8 for more information). Chapter 4 by Nancy Devlin and 

David Parkin will be of special interest to researchers pondering the issue of which 

value set to use.  
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9. Additional information 
9.1. Key EuroQol Group references 

1. The EuroQol Group (1990). EuroQol-a new facility for the measurement of health-related quality 
of life. Health Policy 16(3):199-208.  

 
2. Brooks R (1996). EuroQol: the current state of play. Health Policy 37(1):53-72. 
 
3. Dolan P (1997). Modeling valuations for EuroQol health states. Med Care 35(11):1095-108. 
 
4. Roset M, Badia X, Mayo NE (1999). Sample size calculations in studies using the EuroQol 5D. 

Qual Life Res 8(6):539-49.    
 
5. Greiner W, Weijnen T, Nieuwenhuizen M, et al. (2003). A single European currency for EQ-5D 

health states. Results from a six country study. Eur J Health Econ; 4(3):222-231. 
 
6. Shaw JW, Johnson JA, Coons SJ (2005). US valuation of the EQ-5D health states: development 

and testing of the D1 valuation model. Med Care; 43(3): 203-220. 

9.2. Referring to the EQ-5D instrument in publications 
When publishing results obtained with the EQ-5D, the following references can be used: 

1. The EuroQol Group (1990). EuroQol-a new facility for the measurement of health-related quality 
of life. Health Policy 16(3):199-208.  

 
2. Brooks R (1996). EuroQol: the current state of play. Health Policy 37(1):53-72. 
 
If you used a value set in your study you can also include a reference to the publication regarding 

that value set. The appropriate references for the value sets can be found in the EQ-5D Value Sets 

Monograph and in the value set summary documents that can be ordered from the EuroQol 

Executive Office. 

9.3. EQ-5D Books 
The Measurement and valuation of health status using EQ-5D: A European perspective. Eds 

Brooks R, Rabin R, de Charro F. Kluwer Acacemic Publishers, 2005 

This book reports on the results of the European Union-funded EQ-net project which furthered the 

development of EQ-5D in the key areas of valuation, application and translation. The book can be 

obtained from Springer at www.springeronline.com at a cost of € 107.95.  

 

EQ-5D concepts and methods: a developmental history. Eds Kind P, Brooks R, Rabin R. 
Springer, 2005. 

This book is a collection of papers representing the collective intellectual enterprise of the EuroQol 

Group and can be obtained from Springer at www.springeronline.com at a cost of € 85.00. 

 

EQ-5D value sets: Inventory, comparative review and user guide. Eds. Szende A, Oppe M, 

Devlin N. EuroQol Group Monographs Volume 2. Springer, 2006.  

This book provides an essential guide to the use of the EuroQol Group’s value sets for anyone 

working with EQ-5D data and can be obtained from Springer at www.springeronline.com at a cost of 

€ 49.95. 
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MINNESOTA LIVING WITH HEART FAILURE
® 

QUESTIONNAIRE 

 

Instructions for Data Collection and Scoring 

. 

1. Patients should respond to the questionnaire prior to other assessments and 

interactions that may bias their responses. You might tell the patient that you would 

like to get his or her opinion before doing your medical assessment.  

 

2. Ample, uninterrupted time should be provided for the patient to complete the 

questionnaire. We recommend that the patient answer the questions without being 

influenced by others such as their spouse or family members. Studies show that 

patient proxies often have different perspectives.     

 

3. We recommend that you use the first question to give the respondent more detailed 

instructions as follows.  

 

a. Read the introductory paragraph at the top of the questionnaire. 

 

b. Read the first question with the respondent – “Did your heart failure prevent you 

living as you wanted during the last month (4 weeks) by causing swelling in your 

ankles or legs?”  Then tell the respondent - 

 

 If you did not have any ankle or leg swelling during the past month (4 

weeks) you should circle the zero (0) after this question.   

 If you did have swelling that was caused by a sprained ankle or some 

other cause that you are sure was not related to heart failure, you should 

circle the zero (0) after this question.   

 If you had swelling that might be related to your heart condition, then 

rate how much the swelling prevented you from doing things you 

wanted to do or feeling the way you would like to feel.  In other words, 

how much did the swelling affect your life? Circle either the 0, 1, 2, 3, 4 

or 5 to indicate how much the swelling affected your life during the past 

month – zero (0) means not at all, one (1) means very little and five (5) 

very much. 

 

4. Ask the patient read and respond to all 21 questions. The entire questionnaire may 

be read directly to the patient if one is careful not to influence responses by verbal 

or physical cues. 

 

5. Check to make sure the patient has responded to each question. If a question does 

not apply to the patient they should circle the zero (0). Make sure there is only one 

answer clearly marked for each question. 

  

 

 

Page 1 of 2 



Copyright University of Minnesota 

 

 

 

 

Instructions for Data Collection and Scoring (cont’d) 

 

 

6. Score the questionnaire by summating the responses to all 21 questions. In addition, 

a physical dimension score (items 2, 3, 4, 5, 6, 7, 12, 13 on the version sent with 

these instructions) and emotional dimension score (items 17, 18, 19, 20, 21) have 

been identified by factor analysis and may be scored by simple summation to 

further characterize the effect of heart failure on a patient’s life. 
 

7. Partially complete questionnaires do occur despite best efforts to minimize missing 

data. However, missing data can greatly bias the data and complicate analysis. To 

reiterate, you need to make sure the respondents understand to mark zero for any 

items that do not apply to them, rather than leave a blank. Whenever possible 

review the questionnaire before the respondent leaves to make sure there are no 

unanswered questions or questions with more than one answer.  

 

8. Several methods to impute missing data are discussed in the literature.
1, 2

 Multiple 

imputation using completed questions and perhaps other study variables to predict 

missing responses should be considered.
3
 If a missing response is not imputed, the 

item will be eliminated from that person’s score (the sum of responses). Since 

intermittently missing data can greatly affect within-person changes in scores, you 

might want to use the same subset of questions to represent a person at all times by 

omitting questions that have missing data at any point in time. We do not have any 

recommendations about when missing data become too extensive to render the 

information being collected useless.  
 

 

 

 

 

 

 

 

 

 

 

                                                 
1
 Fayers PM et al. Incomplete quality of life data in randomized trails: missing items. Statistics in Medicine 

1998;17:679-696. 
2
 Schaffer JL and Graham JW. Missing data: our view of the state of the art. Psychological Methods 

2002;7:147-177. 
3
 Raghunathan TE, et al. A multivariate technique for multiply imputing missing values using a sequence of 

regression models. Survey Methodology 2001;27:85-95. 
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MINNESOTA LIVING WITH HEART FAILURE
 QUESTIONNAIRE 

 
The following questions ask how much your heart failure (heart condition) affected your 
life during the past month (4 weeks).  After each question, circle the 0, 1, 2, 3, 4 or 5 to 
show how much your life was affected.  If a question does not apply to you, circle the 0 
after that question. 
 
Did your heart failure prevent  
you from living as you wanted during                        Very                            Very 
the past month (4 weeks) by -                          No      Little                 Much  
       
1.  causing swelling in your ankles or legs?           0            1        2        3        4        5 
2.  making you sit or lie down to rest during    
     the day?                    0            1        2        3        4        5 
3.  making your walking about or climbing      
     stairs difficult?                   0            1        2        3        4        5 
4.  making your working around the house    
     or yard difficult?                   0            1        2        3        4        5 
5.  making your going places away from           
     home difficult?                   0            1        2        3        4        5 
6.  making your sleeping well at night 
     difficult?                    0            1        2        3        4        5 
7.  making your relating to or doing things 
     with your friends or family difficult?                0            1        2        3        4        5 
8.  making your working to earn a living 
     difficult?                    0            1        2        3        4        5                                     
9.  making your recreational pastimes, sports 
     or hobbies difficult?                  0            1        2        3        4        5 
10.  making your sexual activities difficult?    0            1        2        3        4        5 
11.  making you eat less of the foods you  
        like?                    0            1        2        3        4        5 
12.  making you short of breath?                 0            1        2        3        4        5 
13.  making you tired, fatigued, or low on 
       energy?                    0            1        2        3        4        5 
14.  making you stay in a hospital?     0            1        2        3        4        5 
15.  costing you money for medical care?    0            1        2        3        4        5 
16.  giving you side effects from treatments?    0            1        2        3        4        5   
17.  making you feel you are a burden to your  
       family or friends?          0            1        2        3        4        5 
18.  making you feel a loss of self-control 
        in your life?                   0            1        2        3        4        5  
19.  making you worry?                  0            1        2        3        4        5 
20.  making it difficult for you to concentrate 
        or remember things?                  0            1        2        3        4        5  
21.  making you feel depressed?                 0            1        2        3        4        5 
_________________________________________________________________________ 
 
©1986 Regents of the University of Minnesota, All rights reserved.  Do not copy or reproduce without permission. 
LIVING WITH HEART FAILURE® is a registered trademark of the Regents of the University of Minnesota. 
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