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Outline of this thesis

In Chapter 1, there is a brief review of current knowledge of chronic conditions,
multimorbidity, vision impairment, quality of life and disability. Chapter 2 is divided into three
sections that present the three papers that constitute the thesis methods and results. In paper
1, we present the assessment of multimorbidity patterns in Spain and the results of the
association between chronic physical conditions and chronic mental disorders. Paper 2 covers
the association between vision impairment and multimorbidity. It also provides evidence with
regard to single physical conditions, mental disorders and cognitive function. Paper 3 offers an
evaluation of the relationship between chronic conditions (individually or co-occurring) and
disability/quality of life. The thesis concludes with a general discussion and summary of the
results (Chapters 3 and 4). In Annex 1, a table presents some data related to visual health that
were not included in paper 2. In Annex 2, we present those papers that were published during

the drafting of this thesis but are not completely related to it.
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Background

Population aging is a worldwide demographic trend caused by the increase in life expectancy
and the gradual decline in fertility over recent decades. High-income countries have the
highest prevalence of elderly people. Spain, in particular, is one of the countries with the
highest proportion of citizens aged 60+, with an expected prevalence of 38% by 2050. The
number of people suffering from chronic conditions is clearly related to the aging trends. In
developed countries, most deaths and disease burden are related to chronic conditions.
Moreover, this population group accounts for 65% of total health expenditure due to the

variety of health services needed by these patients.

Although the need for comprehensive management of patients with multiple co-occurring
conditions has been highlighted, policies and guidelines are still focused on the management
of individual diseases. Thus, a better understanding of multimorbidity is considered
fundamental to the development of new preventive and management strategies. In this
context, multimorbidity patterns in the population reflect the way chronic conditions appear
in the population and need to be better understood as a vital first step in elaborating these

strategies.

In the context of population aging, visual impairment has also emerged as a growing concern
in public health. Visual problems are associated with an increased risk of falling,
progressively limited activity, higher healthcare utilization, lower quality of life and poorer
social participation. There is a need for further research into the relationship between visual

impairment and chronic physical, mental and cognitive conditions in the elderly.

Under these circumstances, current health care policies should aim to increase life span cost-
effectively while maintaining quality of life and functional ability. Although some studies
have assessed the impact of single diseases on quality of life and disability, there is still need
for deeper understanding of how chronic conditions affect these aspects of health, especially

when they co-occur.

Thus, the main objectives of this thesis are:
1. To examine the distribution of chronic conditions and multimorbidity patterns in the
Spanish older adult population.
2. To assess the association between individual physical conditions (e.g., diabetes,

angina) and the prevalence of mental disorders in the population over 50 years of age.
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3. To evaluate the relationship between physical multimorbidity and the prevalence of
mental disorders in the Spanish population over 50 years of age.

4. To study the individual and cumulative impact of chronic physical conditions on
visual impairment in the population over 50 years old.

5. To analyze the relationship between visual impairment and the presence of mental
disorders and cognitive impairment in the population over 50 years old.

6. To explore the individual and cumulative impact of chronic physical and mental
conditions on quality of life and disability in the population over 50 years of age.

7. To examine general trends in quality of life and disability across gender in relation to

the individual and cumulative effects of chronic conditions.

Methods

Data from this cross-sectional study were collected from the Collaborative Research on
Ageing in Europe (COURAGE) project. A total of 4,583 participants from Spain were included,
3,625 aged over 50. Diagnosis of chronic medical conditions included self-reported medical
diagnosis and symptom algorithms (angina, arthritis, asthma, cataracts, chronic obstructive
pulmonary disease [COPD], and stroke). Diabetes, edentulism and hypertension had no
symptom algorithms since they are considered asymptomatic conditions. Depression and
anxiety, according to DSM-IV criteria, were assessed using CIDI algorithms. Visual
assessment included objective distance/near visual acuity and subjective visual performance.
For the assessment of functioning and disability, the 12-item, validated version of the World
Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) was used. Quality of
life was assessed through a modified version of the World Health Organization Quality of
Life instrument (WHOQOL) called WHOQOL-AGE that has been specially adapted for the

elderly population.

An exploratory factor analysis was conducted to detect multimorbidity patterns in the
population over 50 years of age. Crude and adjusted binary logistic regressions were
performed to identify the associations between physical and mental conditions. Adjusted
models included age, gender, educational level, marital status, urbanicity, and number of

physical conditions.

Crude and adjusted binary logistic regressions were conducted to assess the associations

between visual impairment and chronic physical conditions, physical multimorbidity, mental
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disorders and cognitive impairment. Covariates included gender, age, education level,

marital status, urbanicity, and employment status.

Crude and adjusted multiple linear regressions were performed to detect associations
between chronic conditions and quality of life, and between chronic conditions and disability.
The model was adjusted for age, gender, educational level, marital status, urbanicity, all
chronic conditions and those interactions with p<0.2. Separate models were used to assess
the importance of the increasing number of diseases on quality of life and disability,
adjusting for same covariates. Additional analogous regressions were performed for males

and females to assess gender trends.

Results

Multimorbidity occurred in 20% of the overall Spanish adult population. The prevalence of
multimorbidity increased with age from 4% in males between 18 and 49 years (group with
the lowest prevalence) up to 67.3% in women over 65 years (group with the highest
prevalence). Prevalence of all chronic conditions, except for anxiety, was higher in the
population over 65. Women had higher rates of multimorbidity, although only depression,

cataracts and arthritis showed higher rates than men when assessed individually.

Three multimorbidity patterns emerged: ‘cardio-respiratory’ (angina, asthma, chronic lung
disease), ‘mental-arthritis’ (arthritis, depression, anxiety) and the ‘aggregated pattern’
(angina, hypertension, stroke, diabetes, cataracts, edentulism, and arthritis). All conditions
were related to at least one pattern. The adequacy of the sample was considered acceptable,
with a Kaiser-Meyer-Olkin value of 0.7. After adjusting for covariates, angina, arthritis,
asthma, chronic lung disease and the number of physical conditions were associated with
depression [OR 2.01 (1.40,2.90); OR 1.62 (1.19,2.21); OR 1.86 (1.31,2.64); OR 2.66 (1.84,3.86);
OR for 3+ diseases 4.38 (2.31,8.33)]. Angina and the number of physical conditions were
associated with a higher risk of anxiety [OR 3.39 (1.84,6.22); OR for 3+ diseases 5.23
(1.76,15.53)].

The number of chronic physical conditions was found to be associated with poorer results in
both distance and near visual acuity [OR for 3+ diseases 1.75 (1.38,2.23); OR for 3+ diseases
1.69 (1.27,2.24)]. Arthritis, stroke and diabetes were associated with poorer distance visual
acuity results after adjusting for covariates [OR 1.79 (1.46,2.21); OR 1.59 (1.05,2.42); OR 1.27
(1.01,1.60)]. Only stroke was associated with near visual impairment [OR 3.01 (1.86,4.87)].
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With regard to mental health, poor subjective distance and near visual performance was
associated with depression [OR 1.61 (1.14,2.27); OR 1.48 (1.03,2.13)]. Both objective and
subjective poor distance and near visual acuity were associated with worse cognitive

functioning.

All chronic conditions except hypertension were statistically associated with poor results in
quality of life and disability. Depression, stroke and anxiety were found to have the greatest
impact on disability [B 15.70 (13.62,17.77); B 12.15 (8.08,16.22); B 11.17 (2.49,19.86)] and
quality of life [B -14.00 (-15.85,-12.14); B -8.16 (-11.77,-4.55), B -7.82 (-11.57,-4.08)]. The
number of chronic conditions was associated with substantially lower quality of life [} for 4+
diseases: -18.10 (-20.95,-15.25)] and greater disability [B for 4+ diseases: 27.64 (24.99,30.29)].
In general, women suffered from higher rates of multimorbidity and poorer results in quality

of life and disability. Effect size across gender resulted in small-moderate values.

Discussion

To the best of our knowledge, this is the first study to assess multimorbidity patterns in the
general Spanish population. Three multimorbidity patterns emerged. The first, “cardio-
respiratory” highlights the interaction between angina, asthma and COPD. The presence of
obstruction, restriction and respiratory symptoms have been found to be related to greater
risk of cardiovascular disease, even after adjusting for other conditions. Common risk factors,
inflammatory states, oxidative stress and atherosclerotic processes may be involved in this
association. The second pattern, “mental/arthritis”, included depression, anxiety and arthritis.
The underlying mechanism of this relationship is unclear, although it seems probable that
arthritis would predict the onset of psychiatric disorders. Additionally, inflammatory issues
may also be involved. The third pattern, named, for convenience, the “aggregate pattern”, is a
broader one including seven physical conditions: hypertension, diabetes, cataract, stroke,
edentulism, angina and arthritis. Complex underlying causes may be involved, such as

common risk factors, the metabolic syndrome or inflammatory pathways.

Arthritis, angina and COPD were shown to be associated with a higher prevalence of
depression. These physical disorders share unpleasant symptoms (i.e., joint pain, chest pain
or shortness of breath) and may be linked to greater disability, isolation and frustration. Only
angina showed a statistically significant association with anxiety. Increasing risk of
depression and anxiety were found as the number of co-occurring conditions increased.

Therefore, our results indicate that certain patients at higher risk of developing mental
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disorders could be identified and adequate prevention and management measures

implemented.

To date, this is the first study to analyze the association between suffering from co-occurring
physical conditions and the risk of visual impairment; highlighting the additive effect of
chronic conditions. We found a clear relationship between suffering from various co-
occurring chronic physical conditions and poorer distance and near visual performance. The
underlying mechanism in this relationship is unknown. By analogy with frailty, in which
accumulation of deficits increases vulnerability to adverse outcomes, the co-occurrence of
diseases could be related to higher risk of visual impairment. Individually, arthritis, diabetes
and stroke also showed associations with poor visual outcomes, underlining the strong

associations with these conditions.

With regard to mental health, poor subjective visual acuity was associated with depression.
According to the literature, there is controversy on this association in older adults. Our
results highlight the importance of this association and the impact of self-perceived
impairment on depression. Visual loss may lead to disability and isolation, which would be
related to the onset of depression. However, directionality of the causal relationship is not
completely clear. No association was found with anxiety, which supports the findings of a

limited number of previous studies.

Both objective and subjective poor visual acuity were found to be associated with worse
cognitive performance. These results are welcome as there is only limited evidence on this
association. Subjective visual impairment resulted in a stronger association, which should be
considered in future studies as they are normally based on objective tests. Common
physiological pathways and deprivation of sensory input may be involved in this relationship.
Further exploration of this association would lead to common measures for these patients,

which is especially important since their co-occurrence is related to higher risk of disability.

Our study also shows that most chronic conditions are associated with higher rates of
disability and worse quality-of-life outcomes. In fact, all chronic conditions except
hypertension were found to be related to poorer outcomes. Moreover, other mainly
asymptomatic conditions (diabetes, edentulism) showed only a mild association compared
with other conditions, which indicates that symptoms are closely related to disease burden in
terms of disability and quality of life. Our results also draw attention to mental disorders
since depression and anxiety (together with stroke) were the leading causes of disability and

lower quality of life. This last result is especially relevant since most studies tend to obviate
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mental health when assessing chronic conditions, and indicates a need to augment levels of

care for these patients with regard to disability and quality of life.

The association between the increasing number of chronic conditions and poor outcomes in
disability and quality of life was particularly strong. Consequently, multimorbidity patients
would benefit from special attention. This subgroup should be identified as a high-risk
population requiring preventive, curative or palliative strategies. Our study is the first
nationally-representative study in the older Spanish adults assessing the relationship
between chronic conditions, and disability and quality of life. Moreover, it contributes to

international evidence on this topic through a sound methodology that allows comparison.

Finally, our results show that women had a higher level of disability and poorer quality of life
than men. The clinical relevance of this is unclear as there are no clinical cut-offs available
for these screening tools and the effect size analysis resulted in small-moderate values. It is
noteworthy that, although trends were similar across gender, anxiety and angina were
statistically associated with poorer results in women only, while edentulism and asthma were
related to poorer results solely in men. Similar trends were found with regard to the impact

of the increasing number of co-occurring conditions on quality of life and disability.

Conclusions

1. Multimorbidity is present in a large proportion of the older Spanish population,
especially in those aged over 50. The prevalence of multimorbidity affects more than
half of men and over two-thirds of women over 65 years. Chronic conditions tend to
appear in certain multimorbidity patterns: “cardio-respiratory” (angina, asthma,
COPD), “mental arthritis” (arthritis, anxiety, depression), “aggregate pattern” (angina,
cataract, hypertension, edentulism, diabetes, arthritis, stroke).

2. With regard to the analysis of the impact of individual physical diseases on mental
health, a higher risk of depression is present in people with asthma, angina, COPD
and arthritis, whereas only angina is associated with anxiety.

3. The number of chronic conditions is greatly associated with the diagnosis of
depression and anxiety.

4. Visual impairment is common in the Spanish older population. Stroke, arthritis and
diabetes are individually associated with worse distance visual acuity, while stroke is
associated with worse near visual acuity. The number of physical conditions is greatly

associated with worse distance and near visual acuity.
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5. Subijective distance visual acuity problems are related to a higher risk of depression,
while no measure of visual acuity is associated with changes in the prevalence of
anxiety. All measures of visual impairment (distance/near and objective/subjective)
are related to impaired cognitive functioning.

6. All chronic conditions assessed (angina, anxiety, arthritis, asthma, cataract, COPD,
depression, diabetes, edentulism, stroke), except for hypertension, impact negatively
on disability and quality of life in the Spanish older population. Stroke and mental
disorders (depression, anxiety) are the conditions that have the strongest impact on
these outcomes. Conditions with fewer symptoms (diabetes, edentulism, cataract)
tend to have a lower impact on health outcomes than those with more symptoms
(angina, COPD, arthritis). The number of chronic conditions impacts greatly both on
quality of life and disability.

7. Women have slightly poorer results in quality of life and disability than men.
Individually, some conditions affect quality of life and disability only in men or

women. The effect of the number of chronic conditions is important in both sexes.
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Introduccién

El envejecimiento de la poblacion es una tendencia demogréafica global causada por el
incremento de la esperanza de vida y la disminucion de la tasa de fertilidad en las ultimas
décadas. Los paises desarrollados sufren altos indices de envejecimiento, siendo Espafia uno
de los paises con mayor prevalencia de poblacién mayor de 60 afios. En este sentido, se
estima que este grupo de poblacién supondra el 38% del total en 2050. A su vez, el
envejecimiento de la poblacién se asocia intensamente con la prevalencia de condiciones
cronicas. Estas circunstancias se relacionan con un elevado uso de servicios sanitarios de la

poblacion mayor, que comporta el 65% del gasto sanitario.

Aunque en los Ultimos afios se ha destacado la necesidad de un manejo integral de los
pacientes con condiciones multiples, las politicas sanitarias y las guias clinicas todavia
centran su atencién en las diferentes condiciones de forma individual. Por eso, un mejor
entendimiento de la multimorbilidad se considera uno de los pilares para proporcionar
nuevas estrategias de prevencion y gestion de pacientes. En este contexto, los patrones de
multimorbilidad reflejan la forma en que las enfermedades crénicas aparecen en la poblacion,

y deberian ser identificados y entendidos como un primer paso para avanzar en este campo.

Por otra parte, en el contexto actual de envejecimiento de la poblacion, los problemas
visuales suponen una preocupacion creciente a nivel de salud publica. Estos problemas se
asocian a un riesgo aumentado de caidas, movilidad limitada, elevado uso de servicios, peor
calidad de vida y menor participacidn social. Es necesaria mas investigacién en torno a la
asociacion entre los problemas visuales y las enfermedades crénicas en la gente mayor,

incluyendo las condiciones fisicas, los problemas mentales y la funcion cognitiva.

Bajo estos condicionantes las politicas sanitarias deben priorizar el aumento de la esperanza
de vida junto al mantenimiento de la calidad de vida y la capacidad funcional de la poblacion.
Aunque algunos estudios han evaluado el impacto individual de las condiciones crénicas
sobre la calidad de vida y la discapacidad, es necesario investigar de forma mas exhaustiva
como afectan estas condiciones en estos aspectos de la salud, especialmente cuando ocurren

de forma simultanea.
Los objetivos de esta tesis son:

1. Examinar la distribucién de las condiciones crénicas y los patrones de

multimorbilidad en la poblacién adulta mayor espafiola.



General abstract

2. Determinar la asociacién entre las condiciones fisicas (ej.: diabetes, angina) y la
prevalencia de problemas mentales en la poblacién espafiola mayor de 50 afios.

3. Evaluar la relacion entre la multimorbilidad fisica con la prevalencia de problemas
mentales en la poblacién espafiola mayor de 50 afios.

4. Estudiar el efecto individual y cumulativo de las enfermedades fisicas crénicas sobre
la funcion visual en la poblacion mayor de 50 afios.

5. Analizar la relaciéon entre la discapacidad visual y la presencia de problemas mentales
y deterioro cognitivo en la poblacién mayor de 50 afios.

6. Explorar el impacto individual y cumulativo de las condiciones crénicas fisicas y
mentales sobre la calidad de vida y la discapacidad de la poblacién mayor de 50 afios.

7. Examinar las tendencias generales de calidad de vida y discapacidad por género en

relacion al efecto individual y cumulativo de las condiciones cronicas.

Métodos

Los datos de este estudio transversal provienen del estudio “Collaborative Research on
Ageing in Europe” (COURAGE). Se incluyeron un total de 4,583 participantes de Espafia,
3,625 por encima de los 50 afios de edad. El diagnéstico de condiciones crénicas médicas
consistidé en el diagnostico médico informado por el paciente y algoritmos sintomaticos
(angina, artritis, asma, cataratas, enfermedad pulmonar obstructiva cronica [EPOC], e ictus).
No se incluyeron algoritmos sintomaticos para diabetes, edentulismo e hipertensiéon al
considerarse condiciones principalmente asintomdticas. La evaluacion de depresion vy
ansiedad se realiz6 mediante algoritmos del World Health Organization Composite
International Diagnostic Interview (CIDI questionnaire), de acuerdo con criterios Diagnostic
and Statistical Manual of Mental Disorders (DSM-1V). La evaluacion visual incluy6 test de
agudeza visual para vision de lejos y de cerca, asi como evaluacion subjetiva de la visién. Para
la evaluacién de la discapacidad se utiliz6 una version validada de 12 items del World Health
Organization Disability Assessment Schedule 2.0 (WHODAS 2.0). La calidad de vida se
evalué mediante una version modificada del World Health Organization Quality of Life
instrument (WHOQOL), llamada WHOQOL-AGE, que ha sido especialmente preparada y

validada para la poblacién mayor.

Se utilizé6 la técnica de factor de andlisis exploratorio para detectar patrones de
multimorbilidad en la poblacién mayor de 50 afios. Se realizaron regresiones logisticas crudas

y ajustadas para identificar las asociaciones entre patologias fisicas y mentales. Los modelos
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ajustados incluyeron: edad, género, nivel educativo, estado civil, patron urbano, y nimero de

condiciones fisicas.

Se efectuaron regresiones logisticas crudas y ajustadas para valorar la asociacion entre el
déficit visual y las condiciones fisicas, la multimorbilidad fisica, los problemas mentales y la
funcion cognitiva. Las covariables incluyeron: edad, sexo, nivel educativo, estado civil, patrén

urbano, y situacion laboral.

Finalmente, se realizaron regresiones lineares multiples para detectar las asociaciones
establecidas entre las condiciones crénicas y la calidad de vida, asi como de entre las
condiciones crénicas y la discapacidad. EI modelo se ajust6 por edad, género, nivel educativo,
estado civil, el resto de condiciones y aquellas interacciones con p<0.2. Se realizaron modelos
separados para evaluar la importancia del nimero de condiciones respecto a las mismas
variables, ajustando por las mismas covariables. De forma analoga, se realizaron estos

mismos analisis para hombres y mujeres con el objetivo de evaluar las tendencias por género.

Resultados

Se observo una prevalencia de multimorbilidad del 20% en la poblacion adulta espafiola. Esta
aument6 con la edad desde el 4.0% en hombres de entre 18 y 49 afios (grupo con la menor
prevalencia) hasta el 67.3% en mujeres mayores de 65 afios (grupo con la mayor prevalencia).
La prevalencia fue superior para todas las condiciones en el grupo de edad mayor de 65 afos,
excepto para ansiedad. La proporcion de mujeres que sufrian multimorbilidad fue superior
que la de los hombres, aunque al comparar la prevalencia de condiciones individualmente

s6lo se observaron diferencias respecto a depresion, cataratas y artritis.

Se detectaron tres patrones de multimorbilidad: “cardio-respiratorio” (angina, asma, EPOC),
“mental-artritis” (artritis, depresién, ansiedad) y el “patron agregado” (angina, hipertension,
ictus, diabetes, cataratas, edentulismo y artritis). Todas las condiciones se relacionaron al
menos con un patrén. La adecuacion de la muestra se consider6 aceptable, con un valor en el
test de Kaiser-Meyer-Olkin de 0.70. Angina, artritis, asma, EPOC y el nimero de condiciones
fisicas se asociaron con depresion después de ajustar por covariables [OR 2.01 (1.40,2.90); OR
1.62 (1.19,2.21); OR 1.86 (1.31,2.64); OR 2.66 (1.84,3.86); OR para 3+ condiciones 4.38
(2.31,8.33)]. Por su parte, la angina y el nimero de condiciones fisicas se asociaron a un

mayor riesgo de ansiedad [OR 3.39 (1.84,6.22); OR para 3+ condiciones 5.23 (1.76,15.53)].
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El nimero de condiciones cronicas fisicas se asocié con malos resultados de agudeza visual
de lejos y de cerca [OR para 3+ condiciones 1.75 (1.38,2.23); OR para 3+ condiciones 1.69
(1.27,2.24)]. Artritis, ictus y diabetes se asociaron a malos resultados de agudeza visual de
lejos [OR 1.79 (1.46,2.21); OR 1.59 (1.05,2.42); OR 1.27 (1.01,1.60)]. Solo el ictus se asocié a
peores resultados de agudeza visual de cerca [OR 3.01 (1.86,4.87)]. En relacion a los
problemas mentales, una peor agudeza visual subjetiva de lejos y de cerca se asocié a
depresion [OR 1.61 (1.14,2.27); OR 1.48 (1.03,2.13)]. Tanto los problemas visuales a nivel
objetivo (agudeza visual), como subjetivos resultaron asociados con peor funcién cognitiva

(tanto para vision de lejos como de cerca).

Todas las condiciones cronicas excepto la hipertension resultaron asociadas con peores
resultados en calidad de vida y discapacidad. Depresion, ictus y ansiedad fueron las
condiciones con mayor impacto sobre discapacidad [ 15.70 (13.62,17.77); B 12.15
(8.08,16.22); B 11.17 (2.49,19.86)], y calidad de vida [B -14.00 (-15.85,-12.14); B -8.16 (-11.77,-
4.55); B -7.82 (-11.57,-4.08)]. EI nimero de condiciones cronicas se relaciono fuertemente con
peores resultados en calidad de vida [B 4+ condiciones: -18.10 (-20.95,-15.25)] y mayor
discapacidad [B 4+ condiciones: 27.64 (24.99,30.29)]. En general las mujeres sufrieron
mayores tasas de multimorbilidad y peores resultados a nivel de discapacidad y calidad de
vida. Se calcul6 el efecto del tamafio para estas variables entre hombres y mujeres, resultando

en valores pequefios-moderados.

Discusion

Segln nuestro conocimiento, este es el primer estudio que evalla los patrones de
multimorbilidad en la poblacién general espafiola. Se detectaron tres patrones. En el primero,
“cardio-respiratorio”, se manifiesta la interaccién entre angina, asmay EPOC. La presencia de
obstruccion, restriccion y otros sintomas respiratorios se ha relacionado anteriormente con
mayor riesgo de enfermedad cardiovascular, incluso al ajustar por otras enfermedades. En
esta asociacion podrian estar involucrados: factores de riesgo compartidos, un estado pro-
inflamatorio, el estrés oxidativo y los procesos ateroscleréticos. ElI segundo patrén, “mental-
artritis”, incluyé la depresion, la ansiedad y la artritis. El mecanismo subyacente a esta
relacién es incierto, aunque parece probable que la artritis predeciria el inicio de los
problemas mentales. Ademas, diversos aspectos a nivel inflamatorio podrian estar
involucrados. El tercer patrén, artificialmente Ilamado “patrén agregado”, es un patron mas

extenso que incluye siete condiciones fisicas: hipertension, diabetes, cataratas, ictus,
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edentulismo, angina y artritis. Relaciones complejas podrian estar involucradas en el mismo,

como factores de riesgo compartidos, el sindrome metabolico, la via inflamatoria, etc.

Artritis, angina y EPOC resultaron asociadas a una mayor prevalencia de depresion. Estas tres
condiciones conducen a diversos sintomas desagradables para el individuo que las padece (ej:
dolor en articulaciones, dolor en el pecho o falta de aliento) y estarian asociadas a mayor
discapacidad, aislamiento y frustracion. Angina fue la Unica condicion fisica asociada con
mayor probabilidad de sufrir ansiedad. Nuestro estudio remarca la importancia de la
multimorbilidad en el contexto de la salud mental. Se observé un fuerte aumento de
depresion y ansiedad a medida que aumentaba el niamero de patologias concomitantes. Por
eso, nuestro estudio refuerza la idea que ciertos pacientes en mayor riesgo de padecer
problemas mentales podrian ser detectados y, por tanto, ser sujetos de programas de

prevencion y manejo adecuados a su situacion.

Hasta la fecha este es también el primer estudio que ha analizado la asociacion entre la
presencia de multimorbilidad y los problemas visuales, incluyendo el estudio del efecto
cumulativo de las condiciones cronicas. Se ha encontrado una relacién clara entre el niUmero
de condiciones fisicas y malos resultados de agudeza visual tanto de cerca como de lejos. El
mecanismo subyacente en esta relacién es desconocido. De forma anéloga al concepto de
fragilidad, en el que la acumulacién de déficits incrementa la vulnerabilidad a los resultados
adversos, la concomitancia de condiciones fisicas estaria relacionada con un mayor riesgo de
discapacidad visual. Individualmente, artritis, diabetes e ictus mostraron una asociacion
estadisticamente significativa con los problemas visuales, lo que subraya la fuerte relacion

entre estas variables.

En relacién a la salud mental, malos resultados en agudeza visual se relacionaron con
depresion. Existe controversia respecto a esta asociacion en los adultos mayores. Nuestros
resultados destacan la importancia de la misma y remarcan el impacto de la discapacidad
visual autopercibida. La pérdida de vision conduciria a discapacidad y aislamiento, que se
relacionaria con el inicio de la depresidn. Sin embargo, la direccionalidad de esta relaciéon no
es completamente clara. Por otra parte, no se encontré ninguna relacion entre vision y

ansiedad, en consonancia con los pocos estudios publicados hasta la fecha.

Tanto los problemas visuales medidos de forma objetiva como mediante reporte subjetivo se
relacionaron con peores resultados en la funcién cognitiva. Nuestros resultados arrojan luz
sobre este tema, especialmente en el contexto de la evidencia limitada hasta el momento. La

relacion fue especialmente intensa en relacion a la percepcion visual subjetiva. Tanto la
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privacion de los estimulos sensoriales como la afectacion de las vias neuronales comunes
podrian estar envueltas en esta relacién. Un mayor conocimiento de esta relacion podria
conducir al disefio de estrategias comunes para estos individuos, siendo especialmente

importante al haber un mayor riesgo de discapacidad.

Nuestro estudio también ha demostrado que las condiciones cronicas estan asociadas a un
mayor riesgo de sufrir discapacidad y peor calidad de vida. En realidad, todas las condiciones
cronicas excepto la hipertensidn se relacionaron con peores resultados en esas variables de
salud. Ademas, otras condiciones que cursan principalmente de forma asintomatica (diabetes,
edentulismo) se relacionaron de forma débil con estas variables comparadas con otras
patologias. Esto indica que los sintomas estan intimamente relacionados con la carga de las
distintas condiciones a nivel de discapacidad y calidad de vida. Nuestros resultados destacan,
ademas, la importancia de las enfermedades mentales, ya que la depresion y la ansiedad
(juntamente con el ictus) son las tres condiciones que lideran el impacto sobre calidad de
vida y discapacidad. Este resultado es especialmente importante ya que la mayoria de
estudios hasta la fecha han obviado la inclusidn de patologias mentales y deberia servir para
incrementar la preocupaciéon y cuidado de estos pacientes en relacién a su discapacidad y

calidad de vida asociadas.

La asociacion entre un mayor nimero de condiciones crénicas y los malos resultados en
discapacidad y calidad de vida resultd particularmente intensa. Por este motivo, los pacientes
con multimorbilidad se beneficiarian de una atencién especial. Podrian ser identificados
como un subgrupo de alto riesgo en los que desarrollar estrategias preventivas, curativas y
paliativas. Nuestro estudio es el primer estudio representativo de la poblacion general
espafiola que evalUa las relaciones entre enfermedades crénicas, discapacidad y calidad de
vida. Ademas, complementa la evidencia internacional en este tema, mediante el uso de una

metodologia validada que permitira la comparacién con futuros estudios.

Finalmente, nuestros resultados mostraron un mayor nivel de discapacidad y peor calidad de
vida en las mujeres. La relevancia clinica de este resultado no es clara ya que no hay puntos
de corte disponibles para las herramientas continuas que evallan discapacidad y calidad de
vida y los resultados de tamafio de efecto resultaron pequefios-moderados. Es destacable que,
aunque las tendencias son similares en ambos sexos, la angina y la ansiedad se relacionaron
con peores resultados s6lo en mujeres mientras que el asma y el edentulismo se asociaron

con peores resultados solo en hombres. En relacion al efecto sobre la discapacidad y la
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calidad de vida causada por el incremento de condiciones concomitantes se encontraron

resultados similares en ambos sexos.

Conclusiones

1. La multimorbilidad esta presente en gran parte de la poblacion adulta espafiola,
especialmente en los mayores de 50 afos. La prevalencia de multimorbilidad supera
ampliamente la mitad de los hombres mayores de 65 afios y alcanza dos tercios de las
mujeres de ese grupo de edad. Las condiciones crénicas se presentan en
determinados patrones de multimorbilidad: “cardio-respiratorio” (angina, asma,
EPOC), “mental-artritis” (artritis, ansiedad, depresion), “patron agregado” (angina,
cataratas, hipertension, edentulismo, diabetes, artritis, ictus).

2. A nivel individual, angina, artritis, asma y EPOC estan asociados a un mayor riesgo
de depresion. Solamente angina se relaciona con ansiedad.

3. El nimero de condiciones crénicas se asocia fuertemente con el diagndstico de
depresion y ansiedad.

4. Los problemas visuales son frecuentes en la poblacion adulta mayor espafiola. Ictus,
artritis y diabetes se asocian individualmente con peor agudeza visual de lejos,
mientras que el ictus también se relaciona con peor agudeza visual de cerca. El
nimero de condiciones fisicas se asocia fuertemente a peores resultados de agudeza
visual de lejos y de cerca.

5. Los problemas subjetivos de la vision de lejos se relacionan con un mayor riesgo de
depresion, pero no de ansiedad. Los problemas visuales (lejos/cerca y
objetivo/subjetivo) se asocian a deterioro cognitivo.

6. Todas las condiciones cronicas evaluadas (angina, ansiedad, artritis, asma, catarata,
depresion, diabetes, edentulismo, EPOC, ictus), excepto hipertension, afectan la
discapacidad y la calidad de vida de forma negativa en la poblacion espafiola mayor.
El ictus y los problemas mentales (depresion, ansiedad) son las condiciones con el
efecto mas importante en estos resultados. Las condiciones con menos sintomas
(diabetes, edentulismo, catarata) tienden a ejercer una menor influencia sobre estas
variables de salud comparado con aquellas con mas sintomas (angina, EPOC, artritis).
El nimero de condiciones crénicas afecta de forma intensa a nivel de calidad de vida
y discapacidad.

7. Las mujeres tienen resultados moderadamente peores que los hombres a nivel de

calidad de vida y discapacidad. Individualmente, algunas condiciones afectan la
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calidad de vida o discapacidad s6lo a las mujeres o a los hombres. El efecto del

numero de condiciones crénicas es importante en ambos sexos.
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Introduccié

L'envelliment de la poblacié és una tendencia demografica global causada per I'increment de
I'esperanca de vida i la disminucié de la taxa de fertilitat durant les Gltimes decades. Els
paisos desenvolupats pateixen alts indexs d'envelliment, sent Espanya un dels paisos amb
major prevalenga de poblacié més gran de 60 anys. En aquest sentit, s'estima que aquest grup
de poblacié suposara el 38% del total al 2050. Al seu torn, l'envelliment de la poblacié
s'associa intensament amb la prevalenca de les condicions croniques. Aquestes
circumstancies es relacionen amb un elevat Us de serveis sanitaris de la poblacio envellida,

que comporta el 65% de la despesa sanitaria.

Tot i que en els darrers anys s‘ha destacat la necessitat d'un maneig integral dels pacients
amb condicions multiples, les politiques sanitaries i les guies cliniques encara centren la seva
atencio sobre les diferents condicions de forma individual. Per aixo, un millor enteniment de
la multimorbilitat es considera un dels pilars per proporcionar noves estratégies de prevencié
i gestidé dels pacients. En aquest context, els patrons de multimorbilitat reflecteixen la
manera en qué les malalties croniques apareixen a la poblacio, i haurien de ser reconeguts

com un primer pas per avancar en aguest camp de la medicina.

D'altra banda, en el context actual d'envelliment de la poblacié, els problemes visuals
suposen una preocupacié creixent a nivell de salut publica. Aquests problemes s'associen a
un risc augmentat de caigudes, mobilitat limitada, elevat Us de serveis, pitjor qualitat de vida
i menor participaci6 social. Cal més investigacio al voltant de I'associacié entre els problemes
visuals i les malalties croniques en la gent gran, incloent-hi les condicions fisiques, els

problemes mentals i la funcié cognitiva.

Sota aquests condicionants les politiques sanitaries han de prioritzar l'increment de
I'esperanca de vida al costat del manteniment de la qualitat de vida i la capacitat funcional de
la poblacié. Encara que alguns estudis han avaluat I'impacte individual de les condicions
croniques sobre la qualitat de vida i la discapacitat, és necessari investigar de manera més
exhaustiva com afecten aquestes condicions en aquests aspectes de la salut, especialment

guan ocorren de manera simultania.
Els objectius principals d'aquesta tesi son:

1. Examinar la distribuci6 de les condicions croniques i els patrons de multimorbilitat

en la poblacié espanyola adulta i envellida.
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2. Determinar l'associacié entre les condicions fisiques (p.e., diabetis, angina) i la
prevalenca de problemes mentals en la poblacié espanyola major de 50 anys.

3. Avaluar la relacié entre la multimorbilitat fisica i la prevalenca de problemes mentals
en la poblacio espanfyola de més de 50 anys.

4. Estudiar l'efecte individual i cumulatiu de les malalties croniques fisiques sobre la
discapacitat en la poblacio de més de 50 anys.

5. Analitzar la relacié entre la discapacitat visual i la presencia de problemes mentals i
deteriorament cognitiu en la poblacié major de 50 anys.

6. Explorar l'impacte individual i cumulatiu de les condicions croniques fisiques i
mentals sobre la qualitat de vida i la discapacitat de la poblacié major de 50 anys.

7. Examinar les tendencies generals de qualitat de vida i discapacitat segons génere en

relacié a I'efecte individual i cumulatiu de les condicions croniques.

Métodes

Les dades d'aquest estudi transversal provenen de I'estudi "Collaborative Research on Ageing
in Europe" (COURAGE). Es van incloure un total de 4,583 participants d'Espanya, 3,625 dels
quals amb una edat superior als 50 anys. El diagnostic de condicions croniques médiques va
consistir en el diagnostic médic informat pel pacient i algoritmes simptomatics (angina,
artritis, asma, cataractes, malaltia pulmonar obstructiva cronica [MPOC], i ictus). No es van
incloure algoritmes simptomatics per diabetis, edentulisme i hipertensié en considerar-se
condicions principalment asimptomatiques. L'avaluaci6 de depressi6 i ansietat es va realitzar
mitjancant els algoritmes del World Health Organization Composite International
Diagnostic Interview (CIDI questionnaire), d'acord amb criteris del Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV). L'avaluacié visual va incloure tests d'agudesa visual
per visio de lluny i de prop, aixi com l'avaluacié subjectiva de la visio. Per a lI'avaluacio de la
discapacitat es va utilitzar una versid validada de 12 items del World Health Organization
Disability Assessment Schedule 2.0 (WHODAS 2.0). La qualitat de vida es va avaluar
mitjancant una versié modificada del World Health Organization Quality of Life instrument
(WHOQOL), anomenada WHOQOL-AGE, validada i especialment preparada per la poblacié

d’edat avancada.

Es va utilitzar la técnica de factor d'analisi exploratori per detectar patrons de
multimorbilitat a la poblacié major de 50 anys. Es van realitzar regressions logistiques crues i

ajustades per identificar les associacions entre les patologies fisiques i mentals. Els models
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ajustats van incloure: edat, genere, nivell educatiu, estat civil, patré urba, i nombre de

condicions fisiques.

Es van efectuar diferents regressions logistiques crues i ajustades per valorar l'associacio
entre el déficit visual i les condicions fisiques, la multimorbilitat fisica, els problemes mentals
i la funcio cognitiva. Les covariables van incloure: edat, sexe, nivell educatiu, estat civil, patrd

urba, i situacio laboral.

Finalment, es van realitzar regressions lineals multiples per detectar les associacions
establertes entre les condicions croniques i la qualitat de vida, aixi com d'entre les condicions
croniques i la discapacitat. El model es va ajustar per edat, génere, nivell educatiu, estat civil,
la resta de condicions i aquelles interaccions amb p <0.2. Es van realitzar models separats per
avaluar la importancia del nombre de condicions respecte a les mateixes variables, ajustant
per les mateixes covariables. De forma analoga, es van realitzar aquests mateixos analisis per

homes i dones amb I'objectiu d'avaluar les tendéncies per genere.

Resultats

Es va observar una prevalenca de multimorbiditat del 20% en la poblacié adulta espanyola.
Aquesta va augmentar amb l'edat des del 4.0% en homes d'entre 18 i 49 anys (grup amb la
menor prevalenca) fins al 67.3% en dones majors de 65 anys (grup amb la major prevalenca).
La prevalenca va ser superior per a totes les condicions en el grup d'edat major de 65 anys,
excepte per ansietat. La proporcié de dones que patien multimorbilitat va ser superior que la
dels homes, encara que en comparar la prevalenga de condicions individualment només es

van observar diferéncies respecte a depressio, cataractes i artritis.

Es van detectar tres patrons de multimorbilitat: "cardio-respiratori” (angina, asma, MPOC),
"mental-artritis" (artritis, depressio, ansietat) i un "patré agregat" (angina, hipertensio, ictus,
diabetis, cataractes, edentulisme i artritis). Totes les condicions es van relacionar almenys
amb un patrd. L'adequacié de la mostra es va considerar acceptable, amb un valor en el test
de Kaiser-Meyer-Olkin de 0.70. Angina, artritis, asma, MPOC i el nombre de condicions
fisiques es van associar amb depressio després d'ajustar per covariables [OR 2.01 (1.40,2.90);
OR 1.62 (1.19,2.21); OR 1.86 (1.31,2.64); OR 2.66 (1.84,3.86); OR per 3+ condicions 4.38
(2.31,8.33)]. Per la seva banda, I'angina i el nombre de condicions fisiques es van associar a un
major risc d'ansietat [OR 3.39 (1.84,6.22); OR per 3+ condicions 5.23 (1.76,15.53)].
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El nombre de condicions croniques fisiques es va associar amb resultats pobres d'agudesa
visual de lluny i de prop [OR per 3+ condicions 1.75 (1.38,2.23); OR per 3+ condicions 1.69
(1.27,2.24)]. Artritis, ictus i diabetis es van associar a pitjors resultats d'agudesa visual de
lluny [OR 1.79 (1.46,2.21); OR 1.59 (1.05,2.42); OR 1.27 (1.01,1.60)]. Només lictus es va
associar a pitjors resultats d'agudesa visual de prop [OR 3.01 (1.86,4.87)]. En relaci6 als
problemes mentals, una pitjor agudesa visual subjectiva de lluny i de prop es va associar a
depressié [OR 1.61 (1.14,2.27); OR 1.48 (1.03,2.13)]. Tant els problemes visuals a nivell
objectiu (agudesa visual), com subjectius van resultar associats amb una pitjor funcié

cognitiva (tant en visié de prop com en visio de lluny).

Totes les condicions croniques excepte la hipertensié van resultar associades amb pitjors
resultats en qualitat de vida i discapacitat. La depressid, l'ictus i I'ansietat van ser les
condicions amb major impacte sobre discapacitat [3 15.70 (13.62,17.77); B 12.15 (8.08,16.22);
B 11.17 (2.49,19.86)], i qualitat de vida [ -14.00 (-15.85, -12.14); B -8.16 (-11.77, -4.55); B -7.82
(-11.57, -4.08);]. EI nombre de condicions croniques es va relacionar fortament amb pitjors
resultats en qualitat de vida [P 4+ condicions: -18.10 (-20.95, -15.25)] i major discapacitat [
4+ condicions: 27.64 (24.99,30.29)]. En general les dones van patir taxes superiors de
multimorbilitat i pitjors resultats a nivell de discapacitat i qualitat de vida. Es va calcular

I'effect size per a aquestes variables entre homes i dones, resultant en valors petits-moderats.

Discussio

Segons el nostre coneixement, aquest és el primer estudi que avalua els patrons de
multimorbilitat en la poblacié general espanyola. Es van detectar tres patrons. Al primer,
"cardio-respiratori”, es manifesta la interaccié entre angina, asma i MPOC. La preséncia
d'obstruccid, restriccio i altres simptomes respiratoris s'ha relacionat anteriorment amb
major risc de malaltia cardiovascular, fins i tot en ajustar per altres malalties. En aquesta
associacio podrien estar involucrats: factors de risc compartits, un estat pro-inflamatori,
I'estrés oxidatiu i els processos aterosclerotics. El segon patrd, "mental-artritis”, va incloure la
depressio, l'ansietat i I'artritis. EI mecanisme subjacent a aquesta relacio és incert, encara que
sembla probable que l'artritis prediria l'inici dels problemes mentals. A més, diversos
aspectes a nivell inflamatori podrien estar involucrats. El tercer patrd, artificialment
anomenat "patré agregat”, és un patré més extens que inclou set condicions fisiques:

hipertensio, diabetis, cataractes, ictus, edentulisme, angina i artritis. Diverses relacions
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complexes estarien involucrades en el mateix, com a factors de risc compartits, la sindrome

metabolica, la via inflamatoria, etc.

L'Artritis, I'angina i la MPOC van resultar associades a una major prevalenca de depressio.
Aquestes tres condicions condueixen a diversos simptomes desagradables per a lI'individu que
les pateix (ex: dolor en articulacions, dolor al pit 0 manca d'alé) i estarien associades a major
discapacitat, aillament i frustracié. L'Angina va ser I'dnica condici6 fisica associada amb
major probabilitat de patir ansietat. EI nostre estudi remarca la importancia de la
multimorbilitat en el context de la salut mental. Es va observar un fort augment de patir
depressid i ansietat a mesura que augmentava el nombre de patologies concomitants. Per
aix0, el nostre estudi reforga la idea que certs pacients amb major risc de patir problemes
mentals poden ser detectats i, per tant, ser subjectes a programes de prevencié i maneig

adequats a la seva situacio.

Fins ara aquest és també el primer estudi que ha analitzat I'associacio entre la preséncia de
multimorbilitat i els problemes visuals, incloent I'estudi de l'efecte acumulatiu de les
condicions croniques. S'ha trobat una relacié clara entre el nombre de condicions fisiques i
pobres resultats d'agudesa visual tant de prop com de lluny. EI mecanisme subjacent en
aquesta relacié és desconegut. De forma analoga al concepte de fragilitat, en el qual
I'acumulaci6 de déficits incrementa la vulnerabilitat i els resultats adversos, la concomitancia
de condicions fisiques estaria relacionat amb un major risc de discapacitat visual.
Individualment, artritis, diabetis i ictus van mostrar una associacié estadisticament
significativa amb els problemes visuals, el que subratlla la forta relacié entre aquestes

variables.

En relacié a la salut mental, resultats dolents en agudesa visual es van relacionar amb
depressid. Existeix controvérsia respecte a aquesta associacio en els adults grans. Els nostres
resultats destaquen la importancia de la mateixa i remarquen l'impacte de la discapacitat
visual autopercebuda. La pérdua de visid6 conduiria a discapacitat i aillament, que es
relacionaria amb I'inici de la depressié. No obstant aix0, la direccionalitat d'aquesta relacio
no és clara. D'altra banda, no es va trobar cap relacié entre visioé i ansietat, en concordanca

amb els pocs estudis publicats fins a la data.

Tant els problemes visuals mesurats de forma objectiva com mitjancant informe subjectiu es
van relacionar amb pitjors resultats en la funcié cognitiva. Els nostres resultats afavoreixen
un major enteniment d'aquesta relacid, especialment en el context de la poca evidéncia

disponible fins I'actualitat. Tant la privacié dels estimuls sensorials com l'afectacio de les vies
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neuronals comunes podrien estar implicades en aquesta relacié. Un major coneixement
d'aquesta relacié podria conduir al disseny d'estrategies comunes per a aquests individus,

especialment important a I'haver un major risc de discapacitat.

El nostre estudi també ha demostrat que les condicions croniques estan associades a un
major risc de patir discapacitat i pitjor qualitat de vida. En realitat, totes les condicions
croniques excepte la hipertensié es van relacionar amb pitjors resultats en aquestes variables
de salut. A més, altres condicions que cursen principalment de forma asimptomatica
(diabetis, edentulisme) es van relacionar de forma feble amb aquestes variables comparades
amb altres patologies. Aix0 indica que els simptomes estan intimament relacionats amb la
carrega de les diferents condicions a nivell de discapacitat i qualitat de vida. Els nostres
resultats destaquen, a més, la importancia de les malalties mentals, ja que la depressio i
I'ansietat (juntament amb l'ictus) sén les tres condicions que lideren I'impacte sobre qualitat
de vida i discapacitat. Aquest resultat és especialment important ja que la majoria d'estudis
fins ara han obviat la inclusié de patologies mentals i hauria de servir per incrementar la
preocupacio i cura d'aquests pacients en relacié a la seva discapacitat i qualitat de vida

associades.

L'associacié entre un major nombre de condicions croniques i els mals resultats en
discapacitat i qualitat de vida va resultar particularment intensa. Per aquest motiu, els
pacients amb multimorbiditat es beneficiarien d'una atencié especial. Podrien ser identificats
com un subgrup d'alt risc en qué desenvolupar estrategies preventives, curatives i pal-liatives.
El nostre estudi és el primer estudi representatiu de la poblacid general espanyola que avalua
les relacions entre malalties croniques, discapacitat i qualitat de vida. A més, complementa
I'evidencia internacional en aquest tema, mitjancant I'is d'una metodologia validada que

permetra la comparacié amb futurs estudis.

Finalment, els nostres resultats van mostrar un major risc de discapacitat i pitjor qualitat de
vida en les dones. La rellevancia clinica d'aquest resultat no és clara ja que no hi ha punts de
tall disponibles per a les eines continues que avaluen discapacitat i qualitat de vida i els
resultats de magnitud de I'efecte resultar petits-moderats. Es destacable que, tot i que les
tendencies son similars en ambdos sexes, I'angina i I'ansietat es van relacionar amb pitjors
resultats només en dones mentre que l'asma i I'edentulisme es van associar amb pitjors
resultats només en homes. En relacié a l'efecte sobre la discapacitat i la qualitat de vida
causada per l'increment de condicions concomitants es van trobar resultats similars en

ambdos sexes.
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Conclusions

1. La multimorbilitat és present en gran part de la poblacid adulta espanyola,
especialment en els majors de 50 anys. La prevalenga de multimorbiditat supera
ampliament la meitat dels homes majors de 65 anys i arriba als dos tercos de les
dones d'aquest grup d'edat. Les condicions croniques es presenten en determinats
patrons de multimorbilitat: "cardio-respiratori” (angina, asma, MPOC), "mental-
artritis" (artritis, ansietat, depressio), "patré agregat" (angina, cataractes, hipertensio,
edentulisme, diabetis, artritis, ictus).

2. A nivell individual, angina, artritis, asma i MPOC estan associats a un major risc de
depressid. Només angina es relaciona amb ansietat.

3. El nombre de condicions croniques s'associa fortament amb el diagnostic de
depressid i ansietat.

4. Els problemes visuals son freqlents en la poblacié espanyola adulta i envellida.
L'ictus, l'artritis i la diabetis es van associar individualment amb una pitjor agudesa
visual de Illuny, mentre que I'ictus també es va associar a pitjor una agudesa visual de
prop. EI nombre de condicions fisiques s'associa fortament a pitjors resultats
d'agudesa visual de lluny i de prop.

5. Els problemes subjectius de la visié de lluny es relacionen amb un major risc de
depressid, perd no d'ansietat. Tots els problemes visuals (lluny/prop i
objectiu/subjectiu) s'associen a deteriorament cognitiu.

6. Totes les condicions croniques avaluades (angina, ansietat, artritis, asma, cataracta,
depressi@, diabetis, edentulisme, ictus, MPOC), excepte hipertensio, afecten la
discapacitat i la qualitat de vida de manera negativa en la poblacié espanyola. L'ictus
i els problemes mentals (depressio, ansietat) son les condicions amb I'efecte més
important en aquests resultats. Les condicions amb menys simptomes (diabetis,
edentulisme, cataractes) tendeixen a exercir una menor influencia sobre aquestes
variables de salut comparat amb aquelles amb més simptomes (angina, MPOC,
artritis). EI nombre de condicions croniques afecta intensament, de manera negativa
la qualitat de vida i la discapacitat.

7. Les dones tenen resultats moderadament pitjors que els homes a nivell de qualitat de
vida i discapacitat. Individualment, algunes condicions afecten la qualitat de vida o
discapacitat només a les dones o als homes. L'efecte del nombre de condicions

croniques és important en ambdds dos sexes.
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Introduction

1.1. Population aging and chronic conditions
Population aging is taking place in almost all countries, although high-income countries have
the highest proportion of elderly people. This process is, in turn, associated with an

exponential increase in multimorbidity.

1.1.1. Aging trends

The population aged over 60 years is expected to double between 2000 and 2050, rising from
10% to 20% of the global population [1]. By this time, two billion people will be over 60 years
[1]. Regarding the oldest old, those aged over 80 years will have quadrupled by 2050 [1].

This transition is rooted in the increase in life expectancy and the gradual decline in fertility
over recent decades. The global fertility rate has fallen from 5 to 2.5 children per woman and
life expectancy has increased by 20 years since 1950 [2]. There are, however, great differences
among high-, middle-, and low-income countries. In Europe, the elderly population reached
23% of the total population in 2013 due to earlier improvements in living conditions and
healthcare systems compared with middle- and low-income countries [3,4]. In fact, Europe is
the area with the highest proportion of older people and is projected to continue to be so
over coming decades [5]. Other countries such as the USA or Canada have experienced
similar aging trends. The increase in prevalence of chronic conditions is recent but fast in
low-, and middle-income countries, which must face communicable and chronic diseases
simultaneously with scarce resources and limited healthcare systems. Population aging needs

to be analyzed taking geographical variations into account.
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Figure 1. Life expectancy evolution in Spain over the last century. Source: www.mortality.org
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In Spain, life expectancy increased enormously in the last 100 years, from 41.2 to 82.1 years
[6,7] (Figure 1). Along with this trend, the fertility rate decreased to 1.44 babies per woman
in 2013 [8]. In Spain, the aged population accounts for 23% of the total population and is
expected to rise to 38 % and reach the 7 position among countries with the highest
proportion of citizens over 60 years [2,3] (Figure 2). As in other European Countries, women

have a higher life expectancy than men (85.0 years versus 79.2 years) [7].

Population aging and low fertility rates have several implications, such as future population
falls. In Spain, relative population growth is expected to diminish and become negative in the
next few decades [9]. As this happens, total population is expected to decrease due to the
current negative migratory balance, mainly among the working-age population [8]. Thus,
income taxes from a lower active population will have to cover the expenses of a social
security system faced with the increasing needs of a bigger retired community. This tendency
will become even more marked from 2020 on, when baby boomers reach retirement age. At

that point, a huge proportion of the national budget will be allocated to retired inhabitants.

females

90

80

70

2039
60

2029

50
40
30
20

Io -
0

100 80 60 40 20 0 20 40 60 80 00

Figure 2. Spanish population pyramid projection. Modified from: Long-Term Projection of

the Population of Spain, 2009-2049. 2010. Source: www.ine.es
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Recent data have shown that in Spain, as in most European countries, expenditure on social
protection and health care amounted to more than 50% of total government expenditure [10].
Moreover, there was a 5% increase in social security expenditure as a percentage of the gross
domestic product (GDP) between 2001 and 2011 [10]. This increasing tendency is expected to
continue as the population ages. The European Commission has identified population aging
as a crucial challenge in the 21st century [11]. Specifically, European Commission has

underscored the need to develop an European strategy for chronic conditions [12].

1.1.2. Trends in chronic conditions

The number of people suffering from chronic conditions is increasing and is clearly related to
aging trends, which is in turn related to the improvement in living conditions and healthcare
[13]. The World Health Organization considers the rise in chronic conditions a worldwide
epidemic, accounting for 63% of the 57 million global deaths in 2008 and an estimated
projection of 52 million chronic-related deaths by 2030 [14]. In Europe, chronic conditions
account for 86% of deaths and 77% of the disease burden [15]. With that regard, over 40% of

the population in Europe aged 15 years and over has reported to have a chronic disease [12].

The definition of chronic condition varies widely. Chronic conditions, as showed by
Goodman et al, present great heterogeneity with regard to multiple medical characteristics,
such as the duration, need for medical attention, causality, and noncontagious nature [16].
There are, however, some shared features. According to the Medical Subject Headings
(MeSH), chronic conditions can be defined, in general terms, as those diseases with one or
more of the following characteristics: “they are permanent, leave residual disability, are
caused by nonreversible pathological alteration, require special training of the patient for
rehabilitation, or may be expected to require a long period of supervision, observation, or
care” [17]. A more simple definition was provided by the World Health Organization:

“Chronic diseases are diseases of long duration and generally slow progression” [18].

In order to tackle the increase in chronic conditions, policymakers tend to prioritize those
conditions thought to have the greatest impact on the population, measured through quality
of life, health care expenditure or life expectancy. The WHO, with a global perspective,
proposes prioritizing cardiovascular diseases, cancers, chronic respiratory diseases and
diabetes since they are the “world’s biggest killers”, accounting for 80% of all deaths in low-
and middle-income countries [19]. These conditions share four behavioral risk factors that

can be managed without expensive healthcare measures: physical inactivity, tobacco use,
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unhealthy diet and excessive alcohol consumption [19]. At the same time, developed

countries can also benefit from these policies.

Over recent decades, high-income countries have seen considerable aging-population trends,
so that more specific methodology has been developed and action taken compared with
middle- and low-income countries. For instance, the Australian Institute of Health and
Welfare include 12 chronic diseases when providing information on chronic conditions:
ischaemic heart disease (also known as coronary heart disease), stroke, lung cancer,
colorectal cancer, depression, type 2 diabetes, arthritis, osteoporosis, asthma, chronic
obstructive pulmonary disease (COPD), chronic kidney disease, and oral disease. In the
United States, the Health & Human Services Office of the Assistant Secretary of Health
(OASH) drew up the OASH list, containing 20 selected conditions. This list aims to offer a
shorter, more useful list of diseases for the study of chronic conditions, compared with older

systems that identified up to 185 conditions [16].

In Spain, the National Health Survey shows the high prevalence of chronic conditions in the
population, with 42.5% of the population aged 16+ suffering from one or more diseases. This
percentage rises to 80.7% in the population over 85 years old [20] (TABLE 1). As found in
previous reports, the majority of chronic conditions are more prevalent in the elderly in

Spain, with the exception of thyroid problems.

In Spain, more than half of hospital admissions involve the elderly, who also have longer
stays [7]. The cost of chronic conditions reaches 65% of total health expenditure, due to the
need for a wide variety of health services, such as physician consultation, hospitalization,
medication, rehabilitation, long-term care or transportation [21,22]. Moreover, non-
communicable conditions have become the leading causes of mortality, and can lead to
substantial disability and reduced quality of life. In Spain, the percentage of deaths involving
the aged has increased from 30% to 84.1% in the last 100 years [7]. Disability rates for the
Spanish population over 65 years reach 30.3%, and rise to 51.5% in the population aged 80
years and older [7]. As would be expected, chronic conditions are responsible for a high
proportion of disability. For example, 59% of disability-adjusted life years (DALYs) are

associated with chronic conditions [12].



Introduction

Table 1. Main chronic conditions in Spain. National Health survey (2012). Source:

www.ine.es

CHRONIC CONDITION

Population 16+

Population 85+

Arthrosis or arthritis 19.37 62.41
Hypertension 18.73 51.08
Chronic back pain (lumbar) 20.53 31.87
Urinary incontinence 3.77 30.42
Cataracts 5.01 27.8
Chronic back pain (cervical) 17.97 27.6
Varicose veins in the legs 13.56 26.76
Other heart diseases 4.65 23.7
Hypercholesterolemia 16.51 22.31
Diabetes 6.99 18.3
Osteoporosis 4.28 15.19
Chronic constipation 4.48 14.86
Chronic bronchitis, emphysema, COPD 3.85 14.1
Other mental disorders 1.64 12.44
Chronic depression 6.48 12.06
Migraine or frequent headache 10.26 9.79
Chronic anxiety 7.65 9.43
Chronic skin diseases 4.59 7.22
Asthma 4.17 7.1
Hemorrhoids 481 6.17
Chronic allergy (excluding allergic asthma) 114 5.98
Stroke 0.66 5.3
Malignancies 1.28 3.95
Permanent injuries or damages caused by an accident 3.61 3.9
Myocardial infarction 0.78 3.33
Stomach or duodenal ulcer 2.45 3.03
Thyroid problems 4.48 291
Cirrhosis, liver dysfunction 0.75 1.48
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1.2. Chronic conditions and multimorbidity
The increase in both chronic condition prevalence and life-expectancy is responsible for the

high prevalence of co-occurring chronic conditions in the elderly population.

1.2.1. Comorbidity and Multimorbidity: theoretical framework

The study of chronic conditions has evolved greatly over recent years. Historically, most
studies on chronic conditions have focused on the study of individual diseases because of the
simplicity of the analysis and the fact that health care delivery is mainly addressed to the
management of single diseases. As awareness of the association between chronic conditions
increased, so did the number of studies that assessed combinations of diseases. On some
occasions, a specific pair of conditions has been studied due to theoretical or clinical-based
assumptions on physiological links between these conditions [23,24]. For example, this
approach has contributed to better knowledge of the association of pairs of mental disorders
[25-27] and the association of pairs of metabolic conditions [24]. The cumulative effect of
diseases has been introduced gradually in the study of chronic conditions [28]. Two concepts

arise when assessing co-occurring conditions: comorbidity and multimorbidity. (Figure 3).
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Figure 3. Schematic differences between comorbidity and multimorbidity. Adapted from

Boyd CM and Fortin M, 2010.

Comorbidity was defined by Feinstein as “any distinct additional clinical entity that has
existed or may occur during the clinical course of a patient who has the index disease under
study” [29]. This definition depends entirely on the presence of an index or central condition
around which the study of other conditions is based. However, this ignores the possible
interaction of combinations of diseases that do not include the index disease. Moreover, this

framework considers one disease as “central”’, which may be unrealistic or unsuitable for
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most patient management. The term “comorbidity” has been often adapted or redefined to
describe the coexistence of multiple diseases without considering an index disease, which
would go beyond exceed its original meaning and overlap with the definition of

multimorbidity [30].

Multimorbidity is a relatively new concept in medicine that considers the co-occurrence of
diseases in individual patients. In this case, there is not the necessarily one condition which
is more “central” than others. The growing interest in the study of multimorbidity is shown

in figure 4.
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Figure 4. Publications results (title and abstract) on “multimorbidity” in pubmed. Source:

http://mltrends.ogic.ca/

There has been, however, a lack of consensus on its definition and different approaches have
been considered. Research and clinical definitions can be categorized into three perspectives
[31]:

1. Number of chronic conditions. This is the most accepted approach in the
literature since it reflects the co-occurrence of diseases in a simple and comparable
way. There is no agreement on the minimum number of conditions present to
classify a patient as “multimorbid”. Although most studies have tended to use 2 or
more co-occurring conditions as a cut-off, some others have, arbitrarily, used 3, 4 or
more conditions as a minimum threshold for multimorbidity [31]. This approach
allows us to assess the direct individual and cumulative effects of chronic conditions
at various levels, such as relationship between diseases, the description of
multimorbidity patterns and the impact on healthcare outcomes. This definition,
unlike the others, only takes the diagnosis of chronic conditions into account.

2. Number and burden of chronic conditions. This approach has been found to be

especially useful for the assessment of negative health outcomes such as mortality
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[32-35] . Examples of these tools are the Charlson Comorbidity index, the Index of
Co-Existent Diseases (ICED), the Cumulative lliness Rating Scale (CIRS), The
Geriatric Index of Comorbidity (GIC), the Chronic Disease Score, the Kaplan Scale,
and The Johns Hopkins Adjusted Clinical Groups (ACG®) system [35]. The ACG®
system states that the characterization of multimorbidity should include the burden
of disease rather than simply the number of diseases [36]. This system classifies all
diagnoses into mutually exclusive categories (aggregated diagnosis groups) according
to five dimensions: diagnostic certainty, specialty care involvement, etiology,
duration and severity of the condition. Risk scores can be computed with the
morbidity burden (ACGs) and certain factors (selected medical conditions, hospital
dominant conditions, age, gender, pharmacy use and complicated pregnancy marker).
Studies taking the broader approach of the Expanded Diagnosis Clusters (EDC) of
the ACGB system are comprehensive but complex to conduct outside clinical settings
or in cases of poor integration of health care levels [37] . One limitation of these
indexes is the need for exhaustive medical records or administrative data and highly
trained professionals that have to follow complicated rules in order to compute the
indexes [35]. Tooth et al, in one study with 10,434 women, used both unweighted
(number of diseases) and weighted (number and burden of diseases) multimorbidity
indexes to predict health-related outcomes such as mortality and health and health
service use. Although weighted indexes can allow further discrimination between
groups, they may lack generalizability to populations other than the specific sample
where it was assessed. Tooth et al also found reasonably good results for unweighted
scores, with a good linear association between this score and health outcomes.
However, the weighted score fitted the data better and the unweighted score led to a
more simplistic description due to its narrow range of possible values [38]. The
authors stated that in case of simple count of morbidities, selection of diseases must
be carefully conducted. Byles et al also stated that the decision regarding selection of
the index should be taken in the context of the outcomes to be studied [39].
According to their results, for example, multimorbidity scores incorporating severity
may better explain mortality than measures relying on number of diseases.

3. Combination of chronic conditions with limitations and external factors. This
last definition would be associated with the concept of complexity [31,40]. Le Reste
et al conducted a systematic review in which 132 distinct definitions of
multimorbidity with 1,631 criteria were found. To address the disparity of

multimorbidity definitions, the European General Practice Research Network
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presented, in the same paper, a comprehensive definition of multimorbidity:
“Multimorbidity is defined as any combination of chronic disease with at least one
other disease (acute or chronic) or biopsychosocial factor (associated or not) or
somatic risk factor” [40]. This definition took two or more conditions as the cut-off
but the introduction of biopsychosocial and somatic risk factors may be controversial
since the article qualifies these issues are qualified as modifiers: “Any biopsychosocial
factor, any somatic risk factor, the social network, the burden of diseases, the health
care consumption, and the patient’s coping strategies may function as modifiers (of
the effects of multimorbidity).” The authors admit that it is hard to elucidate whether
this definition would be useful at family medicine and nursing care levels, adding

that there is need to operationalize biopsychosocial and somatic risk factors [40].

In the context of multiple concurrent diseases or conditions, other common terms have been
used besides multimorbidity, such as: pluripathology, multicondition, multipathology,
polymorbidity, or polypathology [30]. Diversity in terms and definitions may have a negative
impact on practice and research [30]. This disparity makes it necessary to define the terms

and criteria used in each study.

1.2.2. Interactions between distinct chronic conditions

There are three main ways to explain the co-occurrence of several conditions in one
individual: chance, selection bias or causal associations [41]. By multiplying the prevalence of
two conditions in the general population, the prevalence of comorbidity that occurs by
chance can be estimated. In multimorbidity research, selection bias refers to clusters (groups
of patients with some common characteristics) that are artificially identified or
overestimated due to their heavy use of the healthcare system. This bias, also called
“Berkson’s bias”, is widely described in the literature [42]. Chance and selection bias do not
represent a real association but have to be taken into account to minimize erroneous

assumptions about causality.

Several pathways leading to comorbidity have been described. Valderas et al proposed four

main etiological models [41]:

1. Direct causation: one condition is totally responsible for the onset of the other; e.g.,
cataracts caused by diabetes. This model also includes conditions secondary to the
medical treatment of the first disease; e.g., cataracts secondary to continued use of

glucocorticoids for a certain disease.
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2. Associated factors: when two diseases are affected by certain risk factors which are

also related to each other; e.g., alcohol consumption and smoking with regard to liver

disease and lung disease.

3. Heterogeneity: in this case several risk factors can have effects on the onset of

several diseases; e.g., risk factors (age; smoking) with diseases (cardiovascular

diseases, lung cancer).

4. Independence: this would be the case of two co-occurring conditions that are

caused by a third condition; e.g. cataracts and kidney failure associated with diabetes.

In other cases, a simpler classification has been made, according to overall pathophysiologic

risk profile and related management plan, into concordant or discordant associations. An

example of concordant association would be diabetes and hypertension while an example of

discordant association would be diabetes and prostate cancer [43].

Risk factor 1 Risk factor 2

Disease 1 | Disease 2

a. Direct causation

Risk factor 1 Risk factor 2

Disease 1 Disease 2

c. Heterogeneity

Risk factor 1 Risk factor 2

Disease 1 | Disease 2

b. Associated factors

Risk factor 1 Risk factor 2

Disease 1 | Disease 2

d. Independence

Figure 5. Possible associations between chronic conditions. Adapted from Valderas et al [41].

1.2.3. Patterns of multimorbidity

In clinical practice, elderly patients tend to suffer from several co-occurring conditions

although there is lack of guidelines considering several conditions simultaneously. Moreover,

in research, multimorbidity has mainly been considered as a mere explanatory variable used

to adjust for outcomes when performing analyses [44]. A systematic review on
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multimorbidity by Marengoni et al concluded that recommendations regarding
multimorbidity should be based on a complete and realistic approach, implying need for a
better description and understanding of multimorbidity [31]. As such, the detection and in-
depth study of multimorbidity patterns would allow new preventive and management
strategies. Comprehensive study of the association between chronic conditions may lead to a
taxonomy system for the general population or specific subgroups of patients [45]. A reliable
classification of patients could provide a more comprehensive approach to chronic-patient
management, which in turn could lead to better health outcomes and a higher degree of

health care system efficiency.

There is no generally accepted definition of multimorbidity pattern. In fact, studies on this
topic do not present a definition, probably because this could be considered a self-
explanatory concept. In spite of the absence of a clear definition, studies in this field have
used a similar framework. Boyd et al defined it as “the specific and often multiple conditions
that a person has (e.g., a person with depression, hypertension, chronic pain, and asthma), as
opposed to a simple tally of the number of conditions that someone has” [46]. Prados-Torres
et al considered multimorbidity as an “associative multimorbidity defined as the non-random

association between diseases” [47].

Prados-Torres et al have recently published a systematic review on multimorbidity patterns
with the aim of identifying studies focusing on this topic [47]. The review methodology
excluded papers focusing on index diseases, those with less than 10 conditions available, and
those lacking statistical techniques to prove that the associations were not produced by
chance. Despite the urgent need for information in this area, only 14 papers were included
after screening 6,601 references based on title and abstract. Among these, a high degree of
heterogeneity was found regarding sample size, age, recruitment of participants, number of
baseline conditions and statistical methods for the assessment of the patterns. For example,
while some studies used complex techniques such as cluster analysis, others were limited to
the assessment of observed/expected ratio of pair or triadic combinations [44,48]. These
latter papers may add information regarding comorbidity but do not provide a global view of

multimorbidity patterns.

Other studies have not taken into account individual relationships between conditions but
rather the association between predetermined domains of diseases, such as the vascular
domain or the psychological domain (which include several conditions) [49]. Studying how

these domains associate with each other may be difficult and lead to misinterpretations since
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this approach does not reflect the real individual associations between conditions. Other
limitations arising from studies are the restriction to very elderly participants in some studies,
small sample size, geographically limited setting (e.g., only rural participants), specific
clinical settings (e.g., only hospitalized patients) or particular subgroups of populations (e.g.,
homeless, insured population, intellectual disabled, etc.) [45,50-54]. The importance of
uniform methodology in the study of multimorbidity patterns has been highlighted in several
systematic reviews [47,55,56]. In-depth analysis of multimorbidity may benefit from large-
scale population samples, standardized definitions of the diseases considered and statistical
methods capable of distinguishing statistically significant associations from spurious ones
[37].

The growing interest in multimorbidity contrasts with the small number of studies in Spain,
where only three studies have assessed the presence of multimorbidity patterns [37,52,57].
There are, however, some methodological concerns when interpreting their results since the
studies by Garcia-Olmos et al and the study by Prados-Torres et al included participants of 15
years old and over while the study by Formiga et al analyzed data on participants aged 85
years old and over. Since the prevalence of chronic conditions becomes relevant in adulthood,
especially among those aged 40-50 years, it is important to assess the patterns in the Spanish

general population including adults over 50 years old.

1.2.4. Impact of multimorbidity: need for deeper knowledge and specific
management

Poor clinical outcomes have been observed in individuals with multimorbidity [58]. The
negative impact of multimorbidity on clinical outcomes results in poor functional status and
high mortality rates and accounts for 36 million deaths attributed to chronic, non-
communicable diseases globally per year [59-62]. The consequences of multiple chronic
conditions are poorly understood. While it seems clear than specific diseases may have a
greater impact than others at various levels, additive impact may be a relevant factor.
Furthermore, not only additive but synergic negative effect may be present, such as the
associations found by Fultz et al between specific pairs of physical conditions and disability
[63].

Costs associated with chronic conditions can reach up to 65% of total health expenditure in
developed countries, as this is related to the use of a wide variety of health services [21,22,58].
For example, Nagl et al found a total annual cost of 6,862 € for patients with 10+ diseases

compared with 1,250 € for participants with no diseases [21]. The relationship between
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multiple chronic conditions and health costs is curvilinear, near exponential in some studies
[22]. The Centers for Disease Control and Prevention analyzed American trends in healthcare
utilization and highlighted the importance of various factors, especially the growing numbers

of chronic patients [64].

High use of healthcare resources by multimorbidity patients may have, in turn, implications
at a clinical level. Coordination becomes complex in patients with several co-occurring
conditions, considering that the number of visits to various physicians for one single patient
ranges from 1 to 14, in patients suffering from 1 to 5 or more conditions, respectively [65].
Moreover, these patients have a high pill burden, which may be responsible for interaction or
adverse events, and the complexity of the diseases may also lead to further difficulties in
coping with their own care [13]. There have been mixed results in studies trying to elucidate
whether multimorbidity patients receive the appropriate care for their chronic conditions
[13]. In that regard, the complexity of these patients is increasing while specialization in
medicine has led to fragmentation in the care of patients [66]. The lack of integrated plans
and guidelines for patients with co-occurring conditions is also related to current difficulties
in following guidelines and giving clear instructions for self-care management [12,66].
Considering all these problems, recent policy efforts have focused on prevention and control
of chronic diseases, highlighting the importance of better understanding of multimorbidity
[19,67,68]. Therefore, there is a need for a broader approach, including research in
multimorbidity, to develop comprehensive, realistic clinical guidelines that take the co-

occurrence of conditions into account rather than focusing on individual diseases [69].

1.3. Chronic conditions and visual impairment
In the context of population aging, visual impairment has emerged as a growing concern in
public health. Further research into the relationship between visual impairment and chronic

medical conditions is needed.

1.3.1. Vision impairment in the elderly

Sensory functions are considered health domains of wellbeing by the International
Classification of Functioning, Disability and Health (ICF) [70] (Figure 5). The ICF was
published by the World Health Organization with the aim of providing a unified, standard
framework for the description of health and health-related states, in which an individual’s
functioning is affected by the interaction between the health conditions and contextual

factors [70]. In particular, the b2100 series in the ICF defines the visual acuity functions as
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“seeing functions of sensing form and contour, both binocular and monocular, for both

distant and near vision”.

\

Health domains , Other domains

(education, employment,

i king, R i )
(Seeing, Speaking, Remembering, etc) environment, etc),

Figure 5. Health-related domains according to the International Classification Of

Functioning, Disability And Health. Adapted from ICF (WHO, 2001). [70]

Visual impairment is associated with an increased risk of falling, activity limitations, higher
healthcare utilization, lower quality of life, poorer social participation and increased
mortality [71-78]. Low vision is commonly defined as a severe visual impairment with acuity
lower than 6/18 and equal to or better than 3/60 in the better eye with best correction [79].
Although this represents a significant impairment, people affected with low vision are still

potentially able to perform some activities for which sight is essential.

There is a strong association between aging and visual impairment. For example, 65% of
people living with moderate or severe visual impairment and 82% of those with blindness are
aged 50 years and over, while this group only represents about 20% of the world’s total
population [80]. Specifically, it is known that prevalence of most visual disorders leading to
visual impairment increases with age: cataract, Age-related macular degeneration (AMD),
glaucoma, pathologic myopia and diabetic retinopathy [81,82]. The number of people with
impaired vision is expected to increase over coming decades as a 2-fold increase in the
population over 60 years old has been predicted between 2006 and 2050 [4,83]. Although
most of these disorders can be treated, for instance through prescription of glasses, cataract

surgery, or AMD intravitreal pharmacotherapy, permanent functional visual impairment can
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appear in cases of no treatment or cases of delayed/unsuccessful treatment [84]. About 80%
of all visual impairment could be avoided or cured, so there is a need to deepen
understanding of the causes and factors underlying visual impairment to foster initiatives

aimed at obtaining the best visual function [85].

1.3.2. Vision impairment and chronic physical conditions

Since multimorbidity and vision impairment are clearly related to the aging process and may
lead to disability, lower quality of life, and greater use of healthcare services, it would be
interesting to assess the possible association between the onset of chronic conditions and
visual impairment. For instance, it is known that diabetes is associated with the onset of
retinopathy [86]. In addition to diabetes, there is some evidence on the association of certain
chronic conditions and visual impairment. For example, Li et al found a significant
association between heart disease or stroke and visual impairment, although this was not the
aim of the study and the analysis was made with Chi-Square test [72]. There is, however, very
little information regarding the association between vision functioning and most common
medical conditions at both individual and cumulative levels. For example, Lamoreaux et al
presented descriptive data where the presence of non-ocular chronic conditions, coded as a
single variable, showed a higher prevalence of visual impairment but no statistical analyses
were performed [87]. Varma et al found that the number of humber chronic conditions was
related to unilateral or bilateral visual impairment, but the analysis was confined to Chi-
squared test [88]. In some cases, multimorbidity is present in studies as a covariate and no
information is available since both multimorbidity and visual impairment were considered

independent variables [89,90].

1.3.3. Vision impairment and mental disorders

Some studies have assessed the association between certain mental disorders and visual
functioning but further study is needed. Nyman et al performed a systematic review on
gquantitative studies assessing the association between mental disorders and visual
impairment [91]. The search revealed nine studies on depression and eight studies on anxiety,
with mixed results. The authors conclude that more research is required to clarify the
association between mental disorders, such as depression and anxiety, and visual impairment.

This review contained some limitations that should be pointed out:

- Inclusion of a specific ocular disease but no statistically significant differences in

visual acuity with reference groups [92].
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- Some studies focused on very specific ocular diseases, such as subfoveal choroidal
neovascularization in which the effect of the treatment was assessed rather than the
association between mental disorders and visual impairment [93].

- The search was limited to a short period (studies from 2001 to 2008).

- Number of results too limited to allow conclusions to be drawn.

- The unspecific assessment of some of the variables. For example, one study assessed
depression with the single question: “Have you felt downhearted and blue during the
last 4 weeks?” [88].

- Statistical limitations, such the lack of adjustment in some studies (e.g., chi-square
test or descriptive information provided) hindering assessment of the association

[88].

Due to the scarcity of available evidence and the limitations of some of the studies in the
review, we conducted a systematic review on the association of visual functioning and mental
health (restricted to depression and anxiety as these are the most prevalent mental
disorders). Papers assessing the effect of ocular diseases without considering visual
functioning, e.g., through visual acuity test measure, were not included. The search strategy
was: ("visual loss" OR "vision loss" OR "low vision" OR "visual impairment” OR "vision
impairment”) AND ("depression” OR "depressive disorder” OR "anxiety"). Articles in English,
with no time restriction, were selected. Age selection criteria were: study population groups
of individuals over 50 years and studies with specific analysis of people aged over 50 years.
Studies with other age selection criteria but reporting on a mean age over 55 years were also
included. Abstracts were selected for further examination where they met criteria and the full
article was then reviewed to determine whether it was suitable for inclusion. Non original
articles and reviews were initially excluded. However, text reviews of these articles were used

to identify additional articles. (Source: PubMed. Updated search: Date: 51 June 2014).



c
=
)

(&)

>
e}

o

—
)

c

ders.

1SOr

t and mental d

1€S ON VISION IMpairmen

Table 2. Summary of previous stud

Apni1s Sy 19 ay3 wouy uonejndod
lesauab yum patedwod pue sadinIas

"(z6.p=u) ajdwes
90UdJ3Jal B YIIM pasedwod UoISIA

(801) (¥102)

- ‘a- (o] Su0sJad ‘syuedioied <
S3A S3A V-SAvH d-SavH uolreM|iqeyal uoisin-moy 4oy BuiAjdde usym O] LM SUI0S15d "SIURdIoN L5% 8rt [e 10 uadway
Jap|o BulAl-Aunwiwiod
PalINJ2al 819M UOISIA MO| YN siuedioliied )
‘ApN1s |euUO11985-55010
(pay10ads 10u) asreuuonisanb Aynae ensi ‘uoneindod pazifeuonnisul 2 ton @o%mw
ON 0€-Sd9 payl 1 ! 1) H [ensiA M KPS [BUOI995-55010 GG €ee el
sijpuabuop
SSO| UOISIA
aJleuuollsanb BuIuaaIds UOISIA [euOIIOUNY U923 yum syuedioiied ‘Apnis (907) (5002)
- ON ailos 99< ¥89
3yl YlM painsealll A11ISASS SSO| UOISIA paseg-A1unwwod [eurpnubuol 1e 19 ZIMOJOH
® JO SISA[eu® [eUO01398S-55040
(quawuredwi
3 S3A(@ (9an03(ans) v1-4A (4 [BNSIA B19ASS UM SUNPE) 168 (sot) (2002)
ON (e GT-SA9 1eYd Yy NboT - A1nde [ensiA (e uo1uaAald |[e} uo [eL [ed1ul|d |e 18 uewAeH
® WoJj APNIS [eUOI193S-SS01D)
. ON(a  (seeh¢) dn-mojo} - 5T-509 (d (paytoads J0u) Apms paseq bOTT (vot) (5002)
S3A (e aullaseq - GT-sao (e uoisiA Buipaefal uonsanb afuls Y -Alunwiwod ‘feuipnibuol Jesh-g |e 18 steH
(paquiosap 10u ABojopoyraw) Apnis paseq (eot) (0002)
swoldwAs : =X
ON ON 4 AINSa Juawredwi [ensip -Aunwwod jeuipnubuol Jeak ¢ V=X v68 |e 19 [|9s404
A191Xue) 82~ ‘w Apnis
oN S3A (K1a1xue) gz-OHO ( p o= 00681 (zot) (2002)
(uoissaidap) ST-sa9 € 18 YeyD Aoy mobse|9) A1inde [ensi  [eUOI198S-SS049 paseq-uolle|ndod |e 18 sueng
S3A (@ S3A (@ save 1591 A3INJe [ensiA 3sesluod mo (g Apn1s [eU0I03S 0= 299 (to1) Am_ﬁmow
<
® ® s8] A1INJe [ensiA Ised3uod ybiH (e -55049 paseq-A}unwwo
ON ( ON ( 1593 Aunoe [ensiA 1se13u09 YBIH ( paseq-Ay o} S
sjuaned pazijeuonniisul (001) (¥002)
- - 0daJ-41as) sa110681ed sso| [ens <
S3A §1-5a9 (10dau-yyss) sar1062) I fensin unm Apns feuonoas-ssory 3o sve 2 10 MOUD
(quawuredwi Burreay ) ) , mu:__n
_ _UOISIA BULLINGIO a-s35 AlreBa| pue ‘Jood ‘arey = T :pooh pue ‘pooh Apnis [euoieAlasqo aA1oadsold go= . (66) (8002)
oo. \_.o i ) AKJBA JUB|[89X3= () "PaZIWO0IOYDIP UdY L paseqg-uoireindod Jesh-z le 18 noyD
4 ON) 534 '9 0 T WOJJ UOISIA aYel-§jas Spuedionioted
Ap191d
(uawredw butreay sowle Amww Hoﬂnm“m:u _mdm_| r“MM Apnis (86) ( )
- -uolsiA BuLLIN20 ST-sao isowife b pue=1 -0=p P 092 €002 86) (002
0 10 ) KJaA pue poob= () ‘PaZIWOIOYDIP USYL  [BUOIIDSS-SSOID pased-uolie|ndod le 18 noyD
4 ON) 534 ' 01 T WOJJ UOISIA 8)el-§jas syuedionioled
‘swia|qoid Apnis [euor1oas 16) (g
- S3A GT-Sas 19 pms| 09< LT6 (26) (s002)
1ybis Buipaebau 101ed1pul pariodal-4|as -$5049 paseq-Ayunwiwo) 23191y
9T= 21028 ‘(W 1 998} B 871UB0JAI
S3aA (@ ¢ . % suosiad Buifjamp _ (96) (€102)
- ® d-S30 10 J8pIosIp anissaidap 01 A11]1ge) pariodal-§|as :uoIsIA aouelsiq (g AUNWILOS 10 ADNIS 110U 692 912V © 15 SIoLE
ON Jole Jo asoubelp ININ '9]eJS pneulied :UoisIA JeapN (e " 40 Apmis 10403 By 1IED
aAnoalgns
S3A (@ (ennoafans) (swuaned
O4A-13N :Butuonouny pajejal-uoisiA (2 _ (s6) (T002)
- s3aA(q Al-AIds . AINY) [e11 [BO1UI]0 pazZIWopuel (093 18T
® (ann28lgns) AdlS 39edwi parejal-uolsiA (g & W01 ADNJS [UO1995-5504 [e 19 Apoug
S3A (14eyod us|BUS) Aynoe [ensiA (e § Apms feuiol -
GT-Sd9 J0 (souesip Buipea Je Jens| [e3ided ww-g Apms _ (v6) (S002)
- <
S3A sisoubBelp [edIpajN paIusWNI0g Ul pajuLid spJom peas 01 Ajjige) UoISIA JeaN  paseqg-uoiyeindod [euo1199s-55010 58 ae Ie 19 yephiag
A_Ixuy uoissaidag az1s
S]UBWINJIISUI SI19PIOSIP [eIUBIN JUBWISSASSE UOISIA ABojopoyrs i\ aby (xeak) qoyiny
U1IM UOIIID0SSe [e211S11e1S a|dwes




Introduction

52

Table 2. Continuation

“JUBLUSSASSE [BNSIA 9AIV3IgNS (WAS AB0J011T 18410 JO BIIUSWAQ pUR elIUBWAJ 0Jejul-NIA ‘adA L Jawiayz|y Jo enuawag
Jo sisoufieli@ 40§ MBIAISIU| PaINIONIIS (INVAIS ‘Al-INSA Ul J0j MaIAISIU] [ed1Ul]D PAINIdNJIS IDS ‘aseqerep yifeay aAielisiuiwpe 99gand :OINVY ewoone|b sjfue-usdo Arewnd :9yQd ‘aireuuonsand
yiesH 1usned :OHd ‘1Uswssasse [ensiA dARJ3I00 (WYAQ ‘MaIAISIU| dLYeIYIASdoInNaN [eUOIIRUISIUL Ul CINIIA ‘9JedS uoissaida@g pue A@ixuy [eMdsoH SAVH ‘edreuuonssnd yijesH [eJaus9
:OHO ‘81eas uoissaida@ o143eII9S WBl-GT (G1-SA9O ‘d1eds uolssaidag pue A1aixuy Biaqploo :savo ‘Apnis Ayredounay dnegelq uswiead] Ape3 :Sy@L3 ‘suoisuawid §-a47 Jo Aujend ueadoin3 :@s
-O3 ‘Al S1apJosi@ [e1UaIA JO [enuey [ed11s1lels pue ansoubelq AI-INSQ ‘8[eds uolssaidag-saipnis [es1fojolwapidy Joy 191ua) :d-S3D ‘uollelauabap Jejnoew payejas-abe NV :SWAUOIOR JO 1SIT "d|qelien
Jeyl 0} pJefal yim JuswISSasse ou Sem a4ayl Jeyl .-, pue ‘Jussaid Jou Sem UOIIRId0SSE 3yl Jeyl 0N, ‘PUNO) SeM UOIIeId0SSe UR Jey) So1edipul ,SaA,, :S9|delteA [ejusw ayl pue Juawaredw] [BNSIA Usamiag
puNo} SUOITRID0SSE 8Y3 UO 110dal SUWNjod oM} Ise| 8y "(A1a1xue ‘uoissaldap) yieay [eausw pue Juswiiedw [ensiA usamiag diysuolie|al ayl ‘axep 0} ‘Passasse aAey 1eyl SaIpnis ayl sazirewwns ajgel siy.L

JuswINIISUl s1op| Buljamp o= — (2171) (€T02)
- S3A GT-SAo - INVAIS U1 woJy suonsanb yodai-j|as AuUNWWO ‘[eu01399s-55040 [EREFEIELETVY
dnoubgns dnoufigns
uelpu; uy Umse zmov uelpu| uy umse >_m8 as-03 W 78 158 ANNOE [ensiA Apms euonoas 00 (OTD) (7102)
: : ) : : . -$50.10 paseq-Auunwiwo) - |e 10 Buepn
ON ON
(s>9am 1 15B] 8Y1 BuLINp 8n|q pue Apms (88) (9002)
- : ‘W ye speyd Buisn A1noe [ensy =X
S3A paueayumop) uonsanb ajbuls ¥ 38 SLIELD SHA LT BUISN AINJE [EnsIA [eu01198s-550.9 paseq-uoneindod 57X L8 |e 10 eWIeA
wesboud saoiales [eaipaw d1gnd ayl 10yod (sTT) (8002)
- aseqelep sadlAISS [edlpawl S
S3A QEIEp S331 [EOIpaW DNV ul Juawredwl [ensiA Jo sisoubelp snoinald 8A110ads0J34 ‘paseg-uoiejndod o= seere Ie 38 JaiuinoL
uoneindod paseq-A1unwiwos _ (11) (¥002)
ON S1-sa9 158} ANNJe [ensIA ‘siskjeue euonoss-sso1y S8 00S 610 015
aAnoslgns) alreuuonisanb AINV [24818]10 JO 18SUO
CEINC! ¢ ans) ! s (eT1) (2002)
- a-san Buiuaaids uoisiA feuonound (g -Jua%aJ yum sjuaned Jo Apmis  T8=x 15
ON (e [e 18 JauAoy
1eyd aha ua||aus :Aynae [ensiA (e 140409 ‘aAnvadsoad yuow-9
(uoissaidap (uoissaidap
01 paje[al sem 01 pajejal sem sjuarred @11 (8002)
9VOd pue ‘OvOd 9YOd Pue ‘'OvOd V-SAVH ‘d-savH (3reyd seN607) Aunoe fensip 9vOd Yyum Apnis aanpoadsosd  /9=x 09 2 19 1y9NGEIN
ul Jamo| sem A3noe ul Jamo| sem Ayinoe ® JO sisA[eue [eU013095-55040) :
[ensIA) 1eajd 10N [ensiA) Jead 10N
‘payeald
(er183149 uoissasdap Py Apms paseq _ (117 (002)
) ON Jofew) 1s1p98Yd Al-INSA SEM 3|GeLIBA PaUIGUIOD v *(UOISIA Jeau pue -uone|ndod ‘[euoi109s-sso4) sL= 0Ly [E19
: : 90UBISIP 10} 1By 348 Ud||aus) Alnde [ensiA : ; oxpjesdn
syuaned gV JejnaseAosu (ot1) (£002)
SPJ023l [ealpaw wolj A3nae ensi =
ON ON SavH p. [ea1p ) Anoe fensip 10 Apms evomoas-ssory %5 997 2 10 K120
(f.1xue (uoissaidap
sisoubelp payiodal
01 ‘UIN] Ul ‘8S8Y) pUB 03 ‘UIN] U] ‘8say) pue uoiye|ndod fesauab ayy
) ) -}|8S UO paseq aJam Ajaixue (quawiredwi fensiA pue asuelsip Buissasse _ (z2) (0102)
sd3yV 01 palejal sg3yV 01 parejal Ul (sQ3yv) sesessip ohs parelal  G9=2 87E9¢
pue uoissaidap awi aji - suonsanb g) Juswuredwi [ensia aadslgng eI
sem juawredwl sem juawiredwi OHd - -abe Jo Apn3s [eu011985-55040
[ensiA) 1eajd 10N [ensiA) 1es|d 10N 8-OHd
Sa1I| 198,
O (uoisia Jesu aled [enuapisal m>.mH. _\.so,_ =X o 80% Nw
ON 6-OHd pue 8oUBISIP ey 1s8] J) ANNde [ensIA [ERUSPISSL [9A9-MOI - 78=X 9% e
9944} U1 APN3S [eUOI109S-5504D) Xnainowe
‘(z6.y=u) ajdwes
Apn1s Sv19 8yl wody uoneindod  8duaJa)al B YUM paledwlod UOISIA 60D) ( )
- S3A a-savH [edauab yum pasedwod pue sadlAIesS MO] YJIM SU0SIad ‘syuedioned 162 YT 601) (v10¢

uonel|igeyal uoisiA-mo| 10y BuiAjdde usym
pa1IN1031 319M UOISIA MO| Ylim sauedioiied

J13p|0 BulAl-ANunwiwod
‘ApN31s [eUO1108S-SS01D)

le 18 uadway




Introduction

By using the established criteria, we found 27 articles from the initial 407 results (Table 2). As
expected, some articles could not be included in this list due to insufficient explanation of
the visual variable, e.g., Al-Shammari et al [118] or because they assessed the effect of having
one specific condition, e.g., cataracts, rather than assessing vision functioning, e.g., Tasi et al
[119]. 19 of the selected papers assessed depression and 8 assessed both depression and
anxiety. Mixed results were found with regard to depression, with 13 studies showing no
association for all or some of the analyses performed. The number of studies with regard to
anxiety was low compared with depression. We found some limitations in the studies

included in the review that should be addressed in future research:

- Simple statistics tools such as Chi-squared test, Fisher's exact test or unadjusted
regression models with regard to our variables [88,94,95,100].

- Unspecific questions or categories (e.g., can watch the TV clearly) [100].

- In some studies, near vision was assessed with or without glasses in the very elderly,
85 years and over, where the need for glasses due to presbyopia is very high [94].
Ideally, it should be with glasses.

- Incomplete description of the visual variable by explaining, for instance, that a
standard visual acuity questionnaire was used when, in fact, the standard method to
assess visual acuity would be a visual acuity test. In this case, no further explanation
was given [97,107].

- Lack of consistency of variables in the same study. For example, Carriere et al used a
visual acuity test for near vision and a self-reported measure for distance vision. In
this case, we cannot determine whether the contrary results regarding near and
distance visual impairment are caused by the distance effect or by the different

approach used in the study for each distance [96].

1.3.4. Visual impairment and cognition

Finally, apart from chronic physical conditions and mental disorders, there is a need to study
the association between cognitive functioning and vision impairment. There is some
evidence highlighting the possible association between dementia and ocular changes. For
example, Chang et al summarized eye changes in Alzheimer’s disease, such as retinal
microcirculation. Moreover, although tests such as contrast sensitivity may be useful, the
available research does not suggest a clear relationship between visual acuity changes and
Alzheimer’s disease [120]. With regard to the specific association between visual impairment
and cognitive functioning, results to date are mixed. Sloan et al found a statistically

significant association between these variables but the effect was considered small [121].
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Elliot et al found an association between near visual acuity, but not distance visual acuity,
and cognitive functioning, which reinforces the need to study this association thoroughly,
including distance and near vision [122]. In this context, as in mental disorders, research
should also include subjective visual perception to provide a complete picture of the

association.

1.4. Impact of chronic conditions on disability and quality of life
Health care policies aim to increase life span cost-effectively while maintaining quality of life
and functional ability. There is still a need for deeper understanding of how chronic

conditions impact on quality of life and disability.

1.4.1. Disability and quality of life in the elderly

Disability and quality of life are health outcomes which reflect the global health of the
individual at various levels. Disability can be defined as ‘long term limitations in major
activities of daily living’ and includes a wide range of activities such as eating, dressing,
washing, walking, etc. [123]. This is an umbrella term that reflects problems in bodily
function, task performance and participation in life situations [124]. Quality of life (QOL) is
defined by the WHO as “an individual perception of their position in life in the context of the
culture and value systems in which they live, and in relation to their goals, expectations,
standards and concerns” [125]. This is, consequently, a broad multidimensional concept that
includes both positive and negative aspects of life, and constitutes a major issue in the elderly
[126,127].

The World Health Organization has stated that about 15% of the global population
experiences disability [128]. In Spain, there are 3.8 million disabled people [129]. Logically,
the subgroup over 64 years suffers from the highest rate of disability, and this increases with
age. At the age of 80, more than half of the Spaniards suffer from some kind of problem
related to activities of daily living, which reaches 56.9% in the case of women in this age
subgroup [7]. Interpretation of disability data has to be conducted with caution, since there
might be great variability with regard to the methodology used when collecting the data.
From a clinical and research perspective, several indexes (e.g. Katz index, Barthel index,
Walton index) have been used to assess the performance of Activities of Daily Living (ADL)
and Independent Activities of Daily Living (IADL) [130]. Moreover, global disability scores,

such as the World Health Organization Disability Assessment Schedule, have been shown to
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be useful at an epidemiological level [131]. This tool has the advantage of including a wide

range of variables, including most of the variables of the aforementioned indexes.

Since QOL is a multidimensional term, national official data tend to be imprecise, providing
data on the gross domestic product, the human development index, social satisfaction,
poverty, social issues, health, etc. [132]. From a health perspective, several QOL measures
have been prepared for assessment of the elderly population, such as the Elderly Quality of
Life Index (EQOLLI), the Quality of Life Scale for Elderly (QOLS-E) and the QHOQOL-OLD
supplementary module for the WHOQOL for use with older adults [133]. These and other
instruments need to take into account the concerns of this population but also the reduced
capacity of the elderly to complete such questionnaires. Therefore, quality of life
guestionnaires for older adults should be as short as possible and, ideally, allow comparison

with younger adults [133].

1.4.2. Burden of chronic conditions

Disability and quality of life are complex concepts, which are affected not only by health
issues, but also social, economic or individual characteristics. Health-related factors that are
thought to impact disability and quality of life are: chronic diseases, injuries, mental
impairment, malnutrition, HIV and other communicable diseases [134]. In this context,
chronic conditions have been presented as one of the leading causes of preventable
morbidity and disability [128]. The EU Health Policy Forum has requested that “Disability-
Adjusted Life Years” (DALYs) and “Quality Adjusted Life Years” (QALYs) should be part of
the reflection process regarding the approach to population aging in Europe, highlighting the

importance of the study of these concepts in the elderly [12].

With regard to research on the impact of chronic conditions on disability and quality of life,
most studies have focused on the study of a single condition [135]. For example, Rozzini et al
found an independent association between IADL and depression but no association was
found with previous stroke, heart disease, cancer or Parkinson’s disease in this cross-
sectional study [136]. Lower quality of life and higher rates of disability have also been found
in people with chronic diseases such as arthritis, diabetes or asthma whilst limited or

controversial results have been found for other chronic conditions [137-142].

In other cases, the effect of chronic conditions on quality of life or disability has been
assessed by using an index condition as a reference, so that assessment focused on the pair
combinations of this index disease with other conditions [143-145]. This approach allows

consideration of an additive, synergistic or substractive effect of these pair combinations.
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However, since this approach only takes into account the pairs of an index disease, neither
the majority of the combinations nor the cumulative effect are studied. Some recent studies
have introduced a more comprehensive analysis including pairs, organ domains, or

cumulative effects but there is still a need to increase knowledge of this topic [146-149].

Women suffer higher rates of disability than men. Several reasons have been put forward to
explain this discrepancy [2]. First, differences in life expectancy lead to a higher number of
older women in the population. Since disability rates increase with age, there is,
consequently, a higher number of women with disability. Secondly, “healthy life expectancy”
is similar between women and men, meaning that women spend these extra years with more
disability than men. Thirdly, the fact that women suffer from higher rates of chronic
conditions could be related to differences across gender. Although gender differences are
known to exist with respect to disability, quality of life and chronic diseases, very little is
known about the relationship between them [139,150,151]. Thus, future research on

disability and quality of life should cover gender differences.

Finally, since most of the studies refer to index conditions, they are usually carried out in a
clinical setting. Thus, a public health perspective is needed, focusing especially on the elderly,
the age group most affected by multimorbidity. Understanding the factors that interact with
disability and quality of life is essential to finding ways of assessing, preventing and dealing

with these issues at a public health level.
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HYPOTHESIS

In the context of population aging, many issues remain unclear with regard to
multimorbidity in the Spanish older adult population. The specific hypotheses in this thesis

dissertation are:

1. In the Spanish older adult population, there are some combinations of co-occurring
chronic conditions, or multimorbidity patterns, which appear more frequently than

would theoretically be expected by chance.

2. The presence of certain chronic physical conditions is associated with a higher

frequency of mental disorders.

3. A greater impact of physical chronic conditions on mental health may be expected

when several co-occurring chronic conditions are present.

4. Chronic physical conditions may impact greatly on visual impairment, with a more

severe impact as conditions accumulate in individuals.

5. Mental disorders and cognitive impairment are associated with visual impairment,

especially with subjective measures of visual performance.

6. Disability and quality of life are strongly related to the presence of several co-
occurring conditions. A substantial increase in disability and decrease in quality of

life is expected as the number of co-occurring conditions grows.

7. Gender differences are expected, with women suffering from higher rates of disability

and lower quality of life for a specific condition or number of chronic conditions.
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OBJECTIVES

The main objective of this thesis dissertation is to provide an insight into multimorbidity in

the Spanish older adult population 50+. The specific objectives are:
1. To examine the distribution of chronic conditions and multimorbidity in the Spanish

older adult population.

2. To assess the association between individual physical conditions (e.g., diabetes,

angina) and the prevalence of mental disorders in the population over 50 years of age.
3. To evaluate the relationship between physical multimorbidity and the prevalence of
mental disorders in the Spanish population over 50 years of age.
4. To study the individual and cumulative impact of chronic physical conditions on

visual impairment in the population over 50 years old.

5. To analyze the relationship between visual impairment and the presence of mental

disorders and cognitive impairment in the population over 50 years old.

6. To explore the individual and cumulative impact of chronic physical and mental

conditions on quality of life and disability in the population over 50 years of age.

7. To examine general trends in quality of life and disability across gender in relation to

the individual and cumulative effects of chronic conditions.
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Abstract

Background: In the context of population aging, multimorbidity has emerged as a growing concern in public health.
However, little is known about multimorbidity patterns and other issues surrounding chronic diseases. The aim of our study
was to examine multimorbidity patterns, the relationship between physical and mental conditions and the distribution of
multimorbidity in the Spanish adult population.

Methods: Data from this cross-sectional study was collected from the COURAGE study. A total of 4,583 participants from
Spain were included, 3,625 aged over 50. An exploratory factor analysis was conducted to detect multimorbidity patterns in
the population over 50 years of age. Crude and adjusted binary logistic regressions were performed to identify individual
associations between physical and mental conditions.

Results: Three multimorbidity patterns rose: ‘cardio-respiratory’ (angina, asthma, chronic lung disease), ‘mental-arthritis’
(arthritis, depression, anxiety) and the ‘aggregated pattern’ (angina, hypertension, stroke, diabetes, cataracts, edentulism,
arthritis). After adjusting for covariates, asthma, chronic lung disease, arthritis and the number of physical conditions were
associated with depression. Angina and the number of physical conditions were associated with a higher risk of anxiety.
With regard to multimorbidity distribution, women over 65 years suffered from the highest rate of multimorbidity (67.3%).

Conclusion: Multimorbidity prevalence occurs in a high percentage of the Spanish population, especially in the elderly.
There are specific multimorbidity patterns and individual associations between physical and mental conditions, which bring
new insights into the complexity of chronic patients. There is need to implement patient-centered care which involves these
interactions rather than merely paying attention to individual diseases.
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consultation, hospitalization, medication, rchabilitation, long-term
care or transportation [9,10].

Introduction

A two-fold increase in the worldwide population over 60 years
old is expected between 2006 and 2050 [1]. Aging is associated
with an exponental increase in multimorbidity. Two out of three
people who have reached retirement age suffer from at least two
chronic conditions [2,3]. Poor clinical and financial outcomes have

When analyzing multimorbidity, most studies have focused on
the link between co-occurring pairs of conditions or the mere
descriptive counting of discases [11,12]. There is a clear need to
analyze cumulative interactions between diseases, although few
studies have done so [13,14]. The study of multimorbidity patterns

been observed in individuals with multimorbidity [4]. The
negative impact of multimorbidity on clinical outcomes results in
poor functional status and high mortality rates, and accounts for
36 million deaths attributed to chronic, non-communicable
diseases globally per year [5-8]. Associated costs due to chronic
conditions reach 75% of total health expenditure, as it is related to
the use of a wide variety of health services, such as physician
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can lead to a deep understanding of multimorbidity. However, in
some studies, the individual relationships between discases were
not taken into account but rather the interaction between
predetermined domains of diseases, such as the vascular domain
or the psychological domain [15]. Associations between these
prefixed domains could affect the interpretation of the results since
the individual associations between discases arc not assessed.
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Current population aging trends have led to increasing interest in
multimorbidity, resulting in some complex studies on the topic
being published [2,13,16,17]. However, they mostly use small
sample sizes, are restricted to very elderly participants, cover
geographically limited areas or only included patients in primary
care settings [2,13,18,19]. In this context, a recent systematic
review concluded that there is need for a better description and
understanding of multimorbidity [20]. In-depth analysis of multi-
morbidity may benefit from large-scale population samples,
standardized definitions of the discases considered and statistical
methods capable of distinguishing statistically significant associa-
tions from spurious ones [18].

Multimorbidity includes both physical and mental conditions.
Few studies have analyzed the link between them, or the joint
effect of mental and physical conditions on the probability of
severe  disability [21-24]. The reasons for co-occurrence of
physical and mental conditions are poorly understood. They
may be related to functional disability, pathophysiological
mechanisms or cognitive aspects associated with being ill [25].
In the elderly, the study of co-occurrence trends between physical
and mental diseases is especially relevant as it is the population
with the highest rates of multimorbidity. However, few efforts have
been made to study these trends [2,26].

Recent policy efforts focus on prevention and control of chronic
diseases, highlighting the importance of a better understanding of
multimorbidity [27-29]. At a clinical level, current guidelines
mostly focus on individual diseases, ignoring the co-occurrence of
other conditions. The need for a broader approach has been
stressed, including multimorbidity research, to develop clinical
guidelines [30]. In this study, we aim to use a large general
population survey to examine:

— The distribution of multimorbidity in the adult population.

— The multimorbidity patterns in the population over 50 years of
age.

— The impact of individual physical conditions and mult-
morbidity on the prevalence of mental conditions in the
population over 50 years of age.

Methods

Design

This article is based on data from the COURAGE Project, a
cross-sectional study of the general non-institutionalized adult
population reached through houschold interviews [31]. The
original study included data on populations in three countries:
Finland, Poland and Spain. The current analyses are based on
data from the Spanish sample.

Sample and procedures

A stratified, multistage, clustered area probability method was
used to select a representative sample of the adult population in
Spain. The target group was a community-residing population
over 18 years old. Distinct procedures were used to select three
samples according to age: 18-49; 50-79; =80 years. The
populations over 50 years and over 80 years old were oversampled
as they were the principal target of the study. People with language
barriers were not included in the study. Face-to-face structured
interviews were conducted through Computer-Assisted Personal
Interviewing (CAPI) at respondents’” homes in 2011 and 2012. The
survey protocol was originally designed in English and then
translated into Spanish according to WHO translation guidelines
for assessment mstruments [32]. Lay interviewers were trained
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with the instruments prior to the administration of the survey.
Quality assurance procedures were implemented during fieldwork
[33]. The final response rate was 69.9%. At the beginning of the
interview, the interviewer judged, subjectively, whether the
respondent had cognitive difticulties that would prevent them
from answering the questions. In the case of the presence of
cognitive problems, a short version of the survey was administered
to proxy respondents. Data from proxy respondents were not
analyzed since they did not include the diagnoses of all physical
and mental conditions. Thus, the final analysis consisted of 4,583
participants, once data from the 170 proxy respondents were
climinated.

Data collection

Sociodemographic data were obtained with regard to age,
gender, education level, marital status, employment status,
houschold income and urbanicity. Chronic physical conditions
were assessed by asking the person whether they had received
medical diagnosis and treatment during the previous 12 months
for angina, arthritis, asthma, cataracts, chronic lung disease,
diabetes, edentulism, hypertension or stroke. In addition, questions
about specific symptoms were included to detect undiagnosed
cases. Algorithms based on clinical symptoms were implemented
based on the WHO’s SAGE study, current clinical guidelines and
reference publications [34-40]. The participant was considered to
have a condition if they met at least one of the two previously
established criteria for angina, asthma, arthritis, chronic lung
disease, stroke or cataracts. Hypertension, diabetes and edentulism
had no symptomatic algorithms since they are considered
asymptomatic conditions. Previous 12-month mental morbidity
(depression and anxiety) was assessed with an adapted version of
the World Health Organization Composite International Diag-
nostic Interview (CIDI), according to DSM-IV criteria.

Statistical analysis

Unweighted frequencies, weighted proportions, means, confi-
dence intervals and cross tabulations were used for descriptive
analysis. The Chi-square test was applied to measure differences in
the prevalence of chronic discases, multimorbidity, number of
diseases and sociodemographic variables across age or gender
variables.

Multimorbidity patterns were analyzed using exploratory factor
analysis in participants over 30 years old. Exploratory factor
analysis is a statistical technique used to summarize the correlation
among a series of variables, with the expected aim of understand-
ing the underlying structure of the data. This method defines a set
of underlying factors, in our case multimorbidity patterns, by
estimating the relationship between the variables in each factor.
Moreover, it allows distinct variables to be included in various
factors. Firstly, a correlation matrix is needed to assess the
correlation structure between the variables; chronic conditions in
our study. The tetrachoric correlation matrix was used due to the
dichotomous nature of the variables, so that it is assumed that
discases included in our analysis have a progressive course and arc
diagnosed when they reach a certain threshold [41]. By using the
results of the tetrachoric corrclation matrix, the factor analysis
technique leads to a certain number of factors but a selection of the
statistically relevant ones is needed. The number of factors
extracted corresponded to those with an cigenvalue of at least 1.0
[2]. For every selected factor, there is a factor loading value
corresponding to each of the variables. A specific condition was
sclected to form part of a pattern if its corresponding factor loading
was above 0.25, which indicates a stronger association [2,18]. The
Kaiser-Meyer-Olkin method was used to estimate the adequacy of
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the sample in the factor analysis, whilst cumulative variance was
determined to describe the variance of the diagnostic data
explained by the pattern. An oblique rotation (Oblimin) was
performed to allow a better interpretation of the analysis factor.

Crude and adjusted binary logistic regressions were used to
examine the relationship between physical conditions/physical
multimorbidity with depression and anxicty in participants over 50
years old. Adjusted models included age, gender, education level,
marital status, urbanicity and number of physical conditions.
Results are reported as unadjusted and adjusted odds ratios (OR)
with 95% CIL.

Weights were used in all analyses to adjust for differential
probabilities of selection within households, and post-stratification
weights to match the samples to population socio-demographic
distributions. The statistical analyses took into account the
complex sampling design except for multimorbidity patterns, as
this analysis was not available in the statistical packages for
complex samples. Analyses were performed using IBM SPSS
statistics 19 and STATA version 12.

Ethics statement

The COURAGE study was approved by the partners’ Ethics
Committees: Ethics Review Committee Fundacié Sant Joan de
Déu, Barcelona, Spain and Ethics Review Committee, La Princesa
University Hospital, Madrid, Spain. Written informed consent was
obtained from the participants and all investigators proceeded
according to the principles expressed in the Declaration of
Helsinki.

Results

Participant characteristics

The study population consisted of 4,583 participants. Statisti-
cally significant differences were detected when comparing age
groups (18-49; 50-64; =65 years) with regard to education level,
gender, houschold income, marital status and employment status,
but not for urbanicity (Table 1). Lower educational levels and
houschold incomes were linked to older participants. A higher
proportion of women was observed in participants over 65 years.

Chronic conditions and multimorbidity prevalence in the
overall population

In the overall population, hypertension, arthritis and cataracts
were the most common conditions with prevalences of 16.6%,
13.7% and 10.6%, respectively (Table 2). Depression was the most
prevalent of the mental disorders assessed, with a prevalence of
9.0%. Multimorbidity occurred in 20.0% of the sample, whilst
4.8% of the participants suffered from four or more conditions
(Table 3). Differences in the prevalences and multimorbidity were
detected according to age and gender. Prevalence of individual
conditions, multimerbidity and number of chronic conditions were
higher in the population over 65 except for anxiety, which was not
statistically significant. Women had higher rates of depression,
cataracts, arthritls, anxicty, multimorbidity and overall number of
chronic conditions. Women over 65 years old represent the
population subgroup with the highest multimorbidity rate (67.3%).
In this subgroup, hypertension, arthritis, cataracts and depression
accounted for 53.8%, 45.7%, 43.1% and 18.0% of the partici-
pants, respectively.

Multimorbidity patterns in older adults

In the factor analysis, three factors were selected according to
the results of the eigenvalues. The adequacy of the sample was
considered acceptable with a KMO value of 0.70, and a
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cumulative variance of 39.5%. The first multimorbidity pattern
included angina, asthma and chronic lung discase (cardio-
respiratory factor). The second one included arthritis, anxiety
and depression (mental-arthritis factor) (table 4). Finally, the third
pattern included hypertension, angina, stroke, diabetes, cataracts,
arthritis and edentulism (aggregate pattern). All conditions were
related to at least one pattern. Angina and arthritis were both
present in two multimorbidity patterns.

Association between physical and mental conditions in
older adults

Table 5 shows the crude and adjusted logistic regression
between physical and mental conditions in a sample of people over
50. For crude analysis, all physical conditions but stroke were
associated with depression. Arthritis, angina, chronic lung discase
and asthma still remained associated with depression after
adjusting for covariates. With regard to the number of physical
conditions, patients with two and those with three or more
physical conditions were at higher risk of suffering from depression
compared with participants without any physical conditions
(adjusted OR: 2.24, CI: 1.33-3.74; adjusted OR 4.38, CI: 2.31
8.33). Crude logistic regression linked angina, edentulism and
arthritis with anxicty. After adjusting for covariables, the
association with angina remained statistically significant. Having
three or more physical conditions was also related to suflering
from anxiety (adjusted OR 5.23, CI: 1.76-15.53).

Discussion

The results of our study revealed three multimorbidity patterns
in the population over 50 years old. The identification and analysis
of these patterns is important as very high multimorbidity rates
have been detected in this population group. Furthermore,
relationships between certain physical and mental conditions have
been detected, which is also important for better understanding
and management of these discases.

The first multimorbidity pattern, “cardio-respiratory”, included
angina, chronic lung disease and asthma. A recent systematic
review found an increased risk of cardiovascular discasc in COPD
patients [42]. In fact, the presence of obstruction, restriction and
respiratory symptoms have been found to be related to higher risk
of cardiovascular discase, even after adjusting for other conditions
[43]. In addition to having smoking as a common risk factor, the
relationship between cardiovascular and chronic pulmonary
disecases may involve systemic inflammation, oxidative stress,
hypoxia or aging [43,44]. Atherosclerosis is thought to be closely
connected to lipid metabolism but also to inflammation [45]. In
COPD there is a pro-inflammatory systemic state which may
exacerbate the atherosclerotic process and its consequent negative
cardiovascular effects. Moreover, at the diagnostic level there is an
overlap in symptoms in this pattern, such as shortness of breath or
chest pain, which may be important in the management of these
patients.

The second multimorbidity pattern, “mental-arthritis”, includes
depression, anxiety and arthritis. Anxiety and depressive disorders
are known to be comorbid in many cases. The NESDA study
found that 63% of patients with current anxiety disorders had a
current depressive disorder and 81% had a lifetime depressive
disorder [46]. Additionally, in the ESEMeD study, suffering from
general anxiety disorder or panic disorder was clearly associated
with a higher risk of major depression [47]. Our results, linking
arthritis to psychiatric disorders, support the results found in the
World Mental Health Surveys across 17 different countries where
arthritis resulted in a higher risk of developing mood disorders and
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anxiety disorders [48]. Moreover, comorbid depression-anxiety
was found to be more strongly associated with arthritis than single
mental disorders, which also supports our results [49]. Even
though the specific mechanism underlying this relationship still
remains unclear, longitudinal data suggest that arthritis would
predict the new onset of psychiatric disorders [50].

The third pattern, artificially named the “aggregate pattern”, is
a broader one including seven physical conditions. Angina,
hypertension, diabetes and stroke are related through the
metabolic syndrome. Cataracts may be involved in this pattern
as it is influenced by diabetes but also has been linked to joint
discases [2]. The underlying mechanisms that may exist between
joint discases and cataracts are unclear. Adverse effects of
glucocorticoid for the treatment of rheumatism could be partially
responsible for the higher prevalence of cataracts in these patients.
However, Falsarella et al (2013) found a higher risk of developing
cataracts after adjusting for glucocorticoid intake in patients with
arthritis [51]. Thus, it has been suggested that an increase in
inflammatory modulators in rheumatic disorders may also be
related to the onset of cataracts [51]. Heart discases have also been
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Table 1. Description of the sample of the Spanish Cohort of the COURAGE study.
Total sample
(n=4583) 18-49 years 50-64 years =65 years P
Age (mean; se) 47.6 (0.3) 35.7 (0.3) 57.0 (0.1) 749 (0.1)
Education (n; %) <0.001
No education 1269 (16.6%) 62 (6.5%) 311 (16.6%) 896 (46.7%)
Primary 1265 (24.9%) 190 (20.9%) 548 (32.8%) 527 (29.8%)
Secondary 1423 (39.3%) 474 (48.1%) 638 (35.4%) 311 (16.6%)
University+ 625 (19.2%) 232 (24.5%) 263 (15.2%) 130 (6.8%)
Gender (n; %) 0.006
Male 2078 (49.4%) 435 (51.4%) 829 (47.7%) 814 (45.0%)
Female 2505 (50.6%) 523 (48.7%) 931 (52.3) 1051 (55.0%)
Household income (n; %) <0.001
1st quintile 871 (22.5%) 185 (22.8%) 357 (23.2%) 329 (21.0%)
2nd quintile 804 (16.3%) 110 (12.9%) 268 (17.9%) 426 (25.0%)
3rd quintile 875 (20.0%) 160 (19.0%) 273 (17.1%) 442 (25.6%)
4th quintile 962 (22.8%) 217( 23.5%) 370 (22.4%) 375 (21.0%)
5th quintile 624 (18.4%) 196 (21.8%) 303 (19.4%) 125 (7.4%)
Marital status (n; %) <0.001
Single 667 (27.3%) 357 (39.2%) 187 (10.4%) 123 (6.8%)
Married 2777 (56.6%) 519 (53.1%) 1238 (71.1%) 1020 (54.2%)
Separated/divorced 342 (7.1%) 76 (7.2%) 196 (10.9%) 70 (3.4%)
widowed 797 (9.0%) 6 (0.5%) 139 (7.6%) 652 (35.7%)
Urban pattern (n; %) 0.216
Urban 3958 (84.8%) 820 (85.4%) 1523 (83.7%) 1615 (83.9%)
Rural 625 (15.2%) 138 (14.6%) 237 (16.3%) 250 (16.1%)
Employment (n; %) <0.001
Working 1360 (46.2%) 543 (61.3%) 773 (47.5%) 44 (2.3%)
Retired 1387 (16.4%) 2 (0.2%) 183 (11.4%) 1202 (66.6%)
Other 1611 (37.4%) 342 (38.4%) 681 (41.2%) 588 (31.2%)
SE= Standard Error.
Note = unweighted frequencies (n), and weighted means and proportions are displayed. Household income was divided into 5 quintiles. Education category ‘no
education’ included those people that had never been to school or did not finish primary school. Marital status ‘married’ category included currently married or
cohabiting. Employment ‘other’ category included training, homemakers, unemployed, voluntary work, health problems, caring for family, sick leave, no need to work,
temporary time off and voluntary work.
doi:10.1371/journal.pone.0084794.t001

associated with joint diseases, which supports this pattern, and
may be linked through inflammatory pathways [2,18]. A
systematic review found a relationship between the presence of
cdentulism with hypertension, coronary artery disease, diabetes,
rheumatoid arthritis and osteoporosis [52]. It has been suggested
that edentulism may be related to arthritis through an inflamma-
tory pathway and with cardiovascular discases through dietary or
mflammatory causes [52].

Regarding the relationship between  physical and  mental
conditions, asthma, angina, chronic lung discase and arthritis were
associated with depression in the binary logistic regressions after
adjusting for covariates. Only angina showed a clear association
with anxiety after adjusting for covariates. These associations have
been highlighted in previous studies [53-36]. There are some
hypotheses to explain these findings. Firstly, arthritis, angina,
chronic lung disease and asthma present with unpleasant symptoms
such as joint pain, chest pain or shortmess of breath, whereas
cataracts, diabetes, hypertension, edentulism or stroke are mainly
asymptomatic [25,57]. Moreover, these diseases may be linked to
higher disability, leading to isolation or frustration [58]. Other
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Table 2. Prevalence of 12-month physical conditions, mental disorders and multimorbidity according to age and gender.

TOTAL 18-49 years 50-64 years = 65 years p (age) p (sex)

Men Women Men Women Men Women

% (95% CI) % (95% Cl) % (95% CI) % (95% CI) % (95% Cl) % (95% CI) % (95% CI)
Depression 9.0 (7.9-10.2) 5.2 (3.5-7.5) 90 (6.8-11.7) 84 (64-11.1) 152(11.6-19.7) 5.1 (3.7-6.8) 18.0 (15.6-20.6) <0.001 <20.001
Angina 2.8 (2.4-3.3) 0.4 (0.2-0.9) 0.5 (0.1-1.6) 5.3 (3.7-7.6) 24 (1.6-3.7) 10.1 (8.4-12.0) 8.5 (6.5-10.9) <0.001 0.337
Cataracts 106 (9.9-114) 1.7 (0.9-3.3) 2.0 (1.1-3.5) 7.8 (6.4-9.6) 9.7 (8.0-11.7) 32.3 (29.2-35.6) 43.1 (39.9-46.5) <0.001 <0.001
Asthma 4.8 (4.1-5.7) 3.6 (2.3-5.7) 4.2 (29-5.9) 3.6 (26-4.9) 5.0 (3.7-6.9) 7.1 (5.4-9.3) 8.8 (6.9-11.2) <0.001 0178
Hypertension 16.6 (15.5-17.7) 4.1 (2.4-6.7) 2.7 (1.5-4.7) 25.8 (22.9-29.0) 21.3 (18.2-24.7) 44.8 (40.7-48.9) 53.8 (50.6-56.9) <0.001 0.066
Edentulism 9.0 (7.7-10.6) 3.2(1.7-5.9) 2.5 (1.2-4.9) 9.2 (74-11.3) 73 (55-9.6) 24.9 (21.5-28.7) 31.0 (26.6-35.7) <<0.001 0.081
Diabetes 6.7 (6.0-7.5) 2.5 (1.5-4.2) 15 (0.7-3.1) 114 (9.3-14.0) 7.7 (5.8-10.1) 18.6 (16.1-21.5) 17.6 (15.4-20.1) <0.001 0.219
Arthritis 13.7 (12.7-14.8) 3.2 (1.8-5.6) 77 (59-10.0) 109 (8.8-13.4) 253(22.1-287) 20.4 (17.6-23.6) 45.7 (41.9-49.5) <0.001 <0.001
Chronic Lung D 3.4 (2.8-4.0) 13(06-28) 1.1(06-23) 48 (34-67) 33 (23-48) 11.5 (9.1-14.6) 7.2 (5.7-9.1) <0001  0.100
Stroke 2.1 (1.7-2.6) 0.7 (0.3-1.9) 0.4 (0.1-1.2) 24 (1.4-4.0) 23 (1.4-3.8) 7.5(5.2-10.7) 59 (4.2-8.3) <0.001 0.508
Anxiety 1.1 (0.8-1.5) 0.8 (0.3-2.5) 1.0 (0.4-2.4) 1.2 (0.7-2.1) 24 1.6-3.5) 0.1 (0.1-0.8) 1.8 (1.1-2.8) 0.120 0.154
Multimorbidity 20.0 (18.8-21.2) 4.0 (2.7-5.9) 6.0 (4.2-8.4) 21.3 (18.2-24.6) 27.0 (23.2-31.3) 52.9 (48.7-57.0) 67.3 (64.6-70.0) <0.001 <0.001
Cl= Confident interval. Note= Weighted proportion and 95% Confident Intervals are shown. Anxiety included Generalised Anxiety Disorder and Panic Disorder.
Multimorbility is defined as the presence of = 2 physical or mental conditions. p(age) refers to statistical differences in the three groups of age; p(sex) refers to
differences in gender, regardless the age group.
doi:10.1371/journal.pone.0084794.t002

explanations include the possible cffects of pro-inflammatory
cytokines, platelet activation, disturbances in the autonomic nervous
system or hypothalamic-pituitary-adrenal axis dysfunction [53]. It
should be noted that previous studies also found other relationships,
i.e., diabetes with depression [49]. Further research is needed to
assess the directionality of these effects and confirm other specific
rclationships. In addition to co-occurring pairs, the number of

physical conditions was also associated with higher prevalence rates
of depression and anxiety. The small amount of evidence that exists,
is in agreement with our findings [13].

Multimorbidity was present in 20.0% of the overall adult
population, consistent with results of about 20.3-30% from similar
studies [59-61]. An increase in the prevalence of multimorbidity
was associated with age, reaching 67.3% in women and 52.9% in

Table 3. Number of total, physical and mental conditions according to age and gender.

=1 95(84-107) 5.9 (42-84) 9.3 (7.0-12.2)

87 (6.6-11.4)

TOTAL 18-49 years 50-64 years > 65 years p (age) p (sex)
Men Women Men Women Men Women
% (95%Cl) % (95%CI) % (95%Cl) % (95%Cl) % (95%Cl) % (95%Cl) % (95%Cl)
Total <0.001 <0.001
conditions
0 58.7 (56.9-60.6) 78.1 (73.9-81.9) 76.4 (72.6-79.8) 47.5 (43.7-51.3) 45.2 (41.2-49.2) 207 (17.0-25.0) 9.9 (8.6-11.4)
1 21.3 (19.7-23.0) 17.91 (14.5-22.0) 17.7 (14.5-21.4) 31.3 (28.1-34.7) 27.8 (23.5-32.6) 26.4 (23.6-29.4) 22.8 (20.3-25.5)
2 9.7 (9.0-10.6) 3.36 (2.2-5.0) 437 (30-63) 11.1(9.15-13.4) 154 (12.6-18.7) 24.4 (21.2-28.0) 23.8 (21.2-26.6)
54 (4.9-6.1) 0.64 (0.2-2.1) 0.90 (0.3-2.7) 5.5 (4.1-7.4) 6.4 (4.8-8.6) 159 (132-19.1) 21.1 (18.6-24.0)
=4 48 (43-54) 0 0.69 (0.2-2.1) 4.7 (3.1-7.0) 5.2 (4.13-6.60) 12.6 (10.4-15.1) 22.4 (19.7-25.4)
Physical <0.001 <0.001
conditions
0 62.5 (60.7-64.2) 825 (78.5-85.8) 81.3 (78.1-84.1) 49.5 (45.7-53.3) 51.6 (46.5-56.5) 20.8 (17.1-25.1) 10.8 (9.5-12.3)
1 20.1 (18.6-21.7) 149 (11.7-18.8) 16.4 (13.7-19.6) 31.6 (28.5-34.9) 26.6 (23.4-30.0) 27.4 (24.7-30.4) 24.2 (21.9-26.8)
2 8.5 (7.8-9.3) 22(14-37) 1.36 (0.76-2.4) 108 (8.8-13.3) 12,9 (10.6-15.8) 24.1 (20.9-27.6) 26.4 (23.7-29.3)
=3 89 (83-9.6) 04 (0.1-1.7) 091 (04-24) 805 (6.1-10.6) 8.9 (7.3-10.9) 27.8 (24.1-31.7) 38.6 (35.6-41.6)
Mental <0.001 <0.001
conditions
0 90.5 (89.3-91.7) 94.1 (91.6-95.8) 90.7 (87.8-93.0) 91.3 (88.6-93.4) 84.3 (79.7-88.0) 94.8 (93.0-96.2) 81.6 (78.9-84.0)

15.7 (12.0-20.3) 5.2 (3.8-7.0) 184 (16.0-21.1)

doi:10.1371/journal.pone.0084794.t003
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Cl= Confident interval. Note = Weighted proportion and 95% Confident Intervals are shown.
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Table 4. Factor score for each condition in participants over
50 years.

Condition Factor1 Factor2 Factor3
Angina 0.40 0.24 033
Cataracts 0.20 0.20 0.48

Asthma 0.80 0.10 0.05
Hypertension 0.15 0.10 0.50
Edentulism 0.09 0.10 0.37
Diabetes 0.17 0.01 0.50

Arthritis 0.24 0.27 0.28

Chronic Lung 0.79 0.15 0.07

Disease

Stroke 0.09 0.04 0.46

Anxiety 0.07 0.78 -0.01
Depression 0.24 0.76 0.12

Factor 1 (cardio-respiratory); Factor 2 (mental-arthritis); Factor 3 (aggregate
pattern).

Note = Factor scores =0.25 are highlighted.
doi:10.1371/journal.pone.0084794.t004

men over 65 years, which is also comparable to results described in
recent reviews [20,62]. In fact, most studies on multimorbidity in
the literature focus on the old or very-old population, the
subgroups with the highest rates. However, in our study,
multimorbidity was found in more than 20% of the subgroup
between 50-64 years. This result highlights the importance of
using a broader age framework to achieve deeper understanding of
the phenomenon. Multimorbidity was also related to gender, with
women suffering from more overall conditions, physical conditions
and mental conditions than men. These results are consistent with
most multimorbidity studies [20]. Once examined individually,

Multimorbidity Patterns in the Spanish Population

depression, cataracts and arthritis showed statistically significant
differences across gender. These results show that special attention
should be paid to the management of elderly women in health care
as they are more prone to develop multimorbidity and the effect
on the quality of life is more severe than men [63].

Regarding the individual prevalence of chronic physical
conditions, hypertension, arthritis and cataracts were the most
prevalent physical conditions in older adults, affecting over 40% in
the 65+ subgroup. The high prevalence of cardiovascular-related
conditions should be highlighted, as they are the second cause of
premature mortality in Spain after cancer [64]. Edentulism was
present in 24.9% of men and 31.0% of women over 65 years. This
value is relevant because edentulism is related to poorer quality of
life but also represents an indicator of the adequacy of the national
oral health care system [65,66]. Chronic lung disease and asthma
also showed significant increases across age. There Is controversy
regarding the prevalence of asthma in the elderly. It is assumed
that asthma prevalence may decrease with age but some studies
suggest underdiagnosis due to diagnostic difficulties [67,68]. Our
results are consistent with the last national health survey in Spain,
which showed the highest prevalence of asthma in the population
over 85 years [69]. The overlapping symptoms between late onset
asthma and chronic obstructive pulmonary disease could be
partially present in our results, so that caution is required when
interpreting this outcome. According to our results, older adults
and elderly people often suffer from chronic diseases which can be
partially prevented, c.g., diabetes, angina, chronic lung discase, so
that further efforts must be made in our country to develop
appropriate national health policies. Once established, tight
control of some of these conditions is associated with better health
outcomes. Thus, it is essential to maximize their management,
which is especially important due to the high prevalence of
conditions such as diabetes or hypertension.

Interesting results arise when comparing the prevalence of
mental conditions across age. No difference was found in the
prevalence of anxiety when comparing age groups. Prevalence of

Table 5. Logistic regression models to predict mental conditions.

Depression model

Anxiety model

OR crude (95%Cl) AOR (95%Cl)

OR crude (95%Cl) AOR (95%CI)

Chronic Lung Disease 3.18 (2.21-4.59)

Asthma 2.79 (2.01-3.85) 1.86 (1.31-2.64)
Cataracts 1.99 (1.47-2.68) 1.32 (0.95-1.83)
Angina 2.55 (1.80-3.61) 2.01 (1.40-2.90)
Edentulism 1.43 (1.09-1.88) 0.96 (0.74-1.24)
Hypertension 1.50 (1.10-2.03) 0.92 (0.70-1.21)

2.66 (1.84-3.86)

Stroke 1.77 (0.97-3.24) 1.30 (0.72-2.34)
Arthritis 2.70 (1.98-3.69) 1.62 (1.19-2.21)
Diabetes 1.73 (1.23-2.43) 1.25 (0.85-1.84)
Number of physical

conditions

/] 1 1

1 1.29 (0.68-2.46) 1.41 (0.75-2.67)

2 1.95 (1.14-3.35) 2.24 (1.33-3.74)
3+ 3.72 (1.94-7.13) 4.38 (2.31-8.33)

1.60 (0.67-3.84)
1.64 (1.00-2.71)
3.96 (2.25-6.98)
1.73 (1.03-2.91)
1.51 (0.85-2.68)
2.09 (0.87-5.10)
0.84 (0.34-2.10)
2.64 (1.52-4.59)
0.82 (0.44-1.54)

0.90 (0.37-2.19)
1.17 (0.66-2.08)
3.39 (1.84-6.22)
1.38 (0.80-2.37)
094 (0.50-1.77)
1.49 (0.56-3.97)
0.59 (0.22-1.57)
1.46 (0.73-2.90)
054 (0.28-1.04)

1 1

1.21 (0.43-3.43) 1.43 (0.48-4.25)
2.13 (0.76-5.97) 2.94 (1.00-8.67)
3.50 (1.31-9.33) 5.23 (1.76-15.53)

doi:10.1371/journal.pone.0084794.t005

PLOS ONE | www.plosone.org

OR= Odds Ratio; 95%Cl= Confident interval; AOR = Adjusted Odds Ratio; in bold, statistically significant (p<0.05).
Note = Adjusted models included age, gender, education level, marital status, urban pattern and number of physical conditions.
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depression showed differences across the three groups. There is
controversy surrounding the prevalence of mental disorders in the
clderly. The ESEMeD study found a decrease in the prevalence of
12-month anxicty and mood disorders across age [70]. In the
ESEMeD study, prevalence of any mental disorder in the last 12
months was lower than in our case, 9.8% in the 50-64 group and
5.8% in the 65+ group. By contrast, some studies have shown
much higher prevalence [71,72]. These differences may be
cxplained in various ways. It has been pointed that the clderly
have to cope with several issues which could be related to higher
incidence of mental disorders: cognitive decline, sensory impair-
ment, decrease in social relationships, cessation of activity and
change of'status [73]. Economic recession is also a factor related to
the current higher prevalence of mental disorders in Spain [74].
On the other hand, differences in prevalence may be partially
explained by different approaches according to the diagnosis
scheme of the study. This especially affects the results in the elderly
because lower prevalence of depression may be due to the
excessive cognitive requirements of the diagnostic interviews, and
the attribution of the symptoms to physical illnesses in the elderly
[75]. This problem will be addressed with new tools such as a
specific version of the CIDI for the population over 65, currently
in preparation [76].

Our study has several limitations. The cross-sectional nature of
the study may affect the interpretation of the results, so that
longitudinal studies are needed to better understand associations.
This kind of study does not distinguish between age effects and
cohort effects. Moreover, study of multimorbidity would benefit
from standardized inclusion and conceptualization of discases
[2,20]. Studies with a similar number but different conditions
assessed make comparison difficult [2]. Some studies have taken a
broader approach using the Expanded Diagnosis Clusters (EDC)
of the ACG® system, which are more exhaustive but complex to
conduct outside the clinical settings or in the case of poor
integration between health care levels [18]. A higher number of
included conditions logically results in a higher proportion of
multimorbidity [20]. Furthermore, when counting diseases, they
were scored independently of severity, which can also introduce
bias. In our case, the sclection of the conditions was done
according to the World Health Organization’s SAGE study.
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SAGE’s inclusion criteria focused on a limited number of
conditions impacting significantly on health that is general enough
to work with across countries. There is, however, a need to include
the diagnosis of dementia in future studies, as it is a common
condition in the elderly which has a considerable impact on quality
of life, disability and health care resources. The self-reported data
collection method could also bias the results. However, this effect
may be minor since previous studies have found a good correlation
between  self-reported and medical-record diagnoses [77,78].
Finally, our study did not include the medication list or the
current number of drugs taken by the patient. Since mult-
morbidity 1s intimately related to polypharmacy and inappropriate
drugs can have a considerable impact on the health of the elderly,
it would be useful to include this information in future studies.

Conclusions and Future Research

The results of our study contribute to a deeper understanding of
chronic conditions and multmorbidity at various levels. In Spain,
multimorbidity reaches a considerable prevalence in adults over 65
years old, but also in patients between 30 and 64. Several
multimorbidity patterns and relationships between physical and
mental conditions have been detected. The knowledge of these
associations could lead to an integrated approach to patients
suffering from these diseases, both from a clinical and a public
health perspective. Patients with multimorbidity are more complex
and require a greater number of medical consultations. Integrated
plans taking multimorbidity into account represent an opportunity
to improve the cost-cfficiency of the health care system. Further
research with a longitudinal approach is needed to assess the
causes, the clinical impact and the financial implications of these
associations.
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Abstract

Background: In the context of population aging, visual impairment has emerged as a growing concern in public
health. However, there is a need for further research into the relationship between visual impairment and chronic
medical conditions in the elderly. The aim of our study was to examine the relationship between visual impairment
and three main types of co-morbidity: chronic physical conditions (both at an independent and additive level),
mental health and cognitive functioning.

Methods: Data were collected from the COURAGE in Europe project, a cross-sectional study. A total of 4,583
participants from Spain were included. Diagnosis of chronic medical conditions included self-reported medical
diagnosis and symptomatic algorithms. Depression and anxiety were assessed using CID! algorithms. Visual
assessment included objective distance/near visual acuity and subjective visual performance. Descriptive analyses
included the whole sample (n=4,583). Statistical analyses included participants aged over 50 years (n = 3,625; mean
age = 6645 years) since they have a significant prevalence of chronic conditions and visual impairment. Crude and
adjusted binary logistic regressions were performed to identify independent associations between visual
impairment and chronic medical conditions, physical multimorbidity and mental conditions. Covariates included
age, gender, marital status, education level, employment status and urbanicity.

Results: The number of chronic physical conditions was found to be associated with poorer results in both
distance and near visual acuity [OR 1.75 (Cl 1.38-2.23); OR 1.69 (Cl 1.27-2.24)]. At an independent level, arthritis,
stroke and diabetes were associated with poorer distance visual acuity results after adjusting for covariates [OR 1.79
(Cl 1.46-2.21); OR 1.59 (CI 1.05-2.42); OR 1.27 (1.01-1.60)]. Only stroke was associated with near visual impairment
[OR 3.01 (Cl 1.86-4.87)]. With regard to mental health, poor subjective visual acuity was associated with depression
[OR 1.61 (Cl 1.14-2.27); OR 1.48 (Cl 1.03-2.13)]. Both objective and subjective poor distance and near visual acuity
were associated with worse cognitive functioning.

Conclusions: Arthritis, stroke and the co-occurrence of various chronic physical diseases are associated with higher
prevalence of visual impairment. Visual impairment is associated with higher prevalence of depression and poorer
cognitive function results. There is a need to implement patient-centered care involving special visual assessment in
these cases.
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Background

Visual impairment is related to higher morbidity, in-
creased risk of falling, activity limitations, lower quality
of life, poor social participation and increased mortality
[1-8]. Low vision is a state of moderate or severe visual
impairment defined as a visual acuity lower than 6/18
and equal to or better than 3/60 in the better eye with
best correction [9]. Even though this represents signifi-
cant impairment, people affected with low vision are still
potentially able to perform some activities for which sight
is essential. The relevance of vision to health status has led
the World Health Organization to recently introduce
vision and other sensory functions as health domains
in the International Classification of Functioning, Disabil-
ity and Health (ICF), a unified framework for a description
of health that highlights the interaction between health
conditions and contextual factors [10].

In industrialized countries, the main causes of low vi-
sion and blindness are age-related macular degeneration
(AMD), glaucoma, cataracts, pathologic myopia and dia-
betic retinopathy. The prevalence of all these disorders
increases with age [11,12]. In fact, about 65% of people
who are visually impaired are aged 50 and older, while
this group only represents about 20% of the world’s
population [13]. Since a 2-fold increase in the population
over 60 years old is expected between 2006 and 2050,
the number of people with impaired vision is expected
to increase in the future [14,15]. Although some of these
disorders can be treated, for instance through cataract
surgery or AMD intravitreal pharmacotherapy, perman-
ent functional visual impairment can appear in cases of
delayed or inefficacious treatment [16].

Aging is also clearly associated with the onset of
chronic physical and mental conditions and an increase
in multimorbidity [17,18]. According to a recent review,
between 55% and 98% of the elderly population suffer
from multimorbidity [19]. Some particular associations
have been identified between chronic physical conditions
and vision disorders, such as diabetes and retinopathy
[20]. However, there is very limited information on the
relationship between visual functioning and most com-
mon medical chronic conditions at both the independent
and additive levels. Sensory impairment has also been
linked to psychological and social problems. Mild or
moderate visual impairment in adults have been found
to be associated with mental distress, depression, anx-
iety, suicide risk, interpersonal sensitivity and hostility
[2,21-26]. Most of these studies have focused on depres-
sion and little is known about the relationship between
sensorial impairment and other psychiatric conditions,
such as anxiety, especially in the elderly. Moreover, there
is evidence of an association between visual impairment
and dementia [27,28]. To date, however, research focusing
specifically on the association between visual impairment
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and cognitive functioning has showed mixed results
[29-33]. Determining the relationship between visual
impairment and chronic conditions through a compre-
hensive approach might contribute to the development
of optimal patient-centered care to the elderly.

We used a large general population survey to examine:

— The relationship between physical multimorbidity
and visual impairment in the population over
50 years old.

— The relationship between visual impairment and
mental health (depression and anxiety) in the
population over 50 years old.

— The relationship between visual impairment and
cognitive functioning in the population over
50 years old.

Methods

Design

The COURAGE in Europe project is a cross-sectional
household survey of a representative sample of the non-
institutionalized adult population conducted in Finland,
Poland and Spain [34]. Data from the Spanish sample
are analyzed in the current study.

Sample and procedures

A representative sample of the adult population in Spain
was selected using a stratified multistage clustered area
probability method. The target group was a community-
residing population over 18 years. Three samples were
selected according to age: 18—49; 50-79; 280 years. The
50+ and 80+ subgroups were oversampled as they were
the main target of the study. People with language barriers
were excluded. From July 2011 to May 2012, face-to-face
structured interviews were conducted through Computer-
Assisted Personal Interviewing (CAPI) at respondents’
homes. The survey protocol was translated from English
into Spanish according to WHO translation guidelines
for assessment instruments [35]. Lay interviewers were
trained before administration of the survey. Quality as-
surance procedures were implemented during fieldwork
[36]. The final response rate was 69.9%. The main reason
for non-response was that the house was unoccupied or
that the members of the household were elsewhere (sea-
sonal vacancy, other residence). The interviewer judged
whether the respondent had cognitive problems at the be-
ginning of the interview. If cognitive difficulties were evi-
dent, a short version of the survey was obtained from
proxy respondents. Data from proxy respondents were not
analyzed since visual assessment and diagnosis of chronic
physical conditions and mental disorders were not per-
formed in the proxy interviews. Therefore, once the 170
proxy respondents had been eliminated, the final analysis
consisted of 4,583 participants. This sample was used
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for initial descriptive purposes. The final analysis con-
sisted of 3,625 participants over 50 years old since this
subgroup suffers from significant prevalence of chronic
conditions and visual impairment compared with younger
populations.

Data collection

Sociodemographic information included age, gender,
marital status, education level, employment status and
urbanicity. With regard to chronic physical conditions,
participants were asked whether they had received life-
time medical diagnosis and treatment during the previ-
ous 12 months for angina, arthritis, asthma, chronic
lung disease, diabetes, edentulism, hypertension and
stroke. Moreover, algorithms based on clinical symp-
toms were implemented to detect undiagnosed cases.
These were based on the WHO’s SAGE study, current
clinical guidelines and reference publications [37-43]. In
the case of meeting at least one of the two previously
established criteria, the respondent was considered to have
angina, asthma, arthritis, chronic lung disease or stroke.
Hypertension, diabetes and edentulism are asymptomatic
conditions so no symptomatic algorithm was used.
Previous 12-month major depressive disorder and anx-
iety disorders (including Generalized Anxiety Disorder
and Panic Disorder) were assessed with an adapted ver-
sion of the World Health Organization Composite
International Diagnostic Interview (CIDI), according
to DSM-IV criteria [44]. Cognitive functioning results
were calculated from five performance tests in distinct
domains: learning and short-term memory (word list
immediate and delayed recall from the Consortium to
Establish a Registry for Alzheimer’s Disease), attention
and working memory (digit spans forward and back-
ward from the Weschler Adult Intelligence Scale) and
language (animal naming task) [45,46]. All perform-
ance tests were scored according to standard practice
for each test. A global score was calculated using the
sum of the standardized score on each item, with a
lower score indicating worse cognitive functioning
[47]. Analogous methodology for computing this score
with the same tests has previously been used in the
WHO’s SAGE and COURAGE studies [47,48]. In our
case, we also standardized results by level of education.
Results were later transformed into a binary variable
for analysis purposes. Objective visual acuity was mea-
sured by the interviewer with a “tumbling E” chart [49].
To assess distance vision, an appropriate chart was placed
3 meters from the participant. Visual acuity was registered
using the metric visual acuity scale, through which pa-
tients were classified into one of the following groups:
visual acuity less than 3/60, 3/60-6/60, 6/60-6/18 and
more than 6/18. To demonstrate the visual acuity required
by a line in the chart, the participant had to detect at least
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three of the four letters in the line. Distance VA was mea-
sured initially for the left eye and subsequently for the
right eye. Analog procedures were conducted to assess
near vision, with a specific appropriate chart that was held
by the participant at a comfortable distance. For near
vision, participants were classified as: unable to see the lar-
gest sized letter (<N48), able to see largest size (N48), able
to see medium size (N20), able to see the smallest size
(N8). All the measures were taken in daily-life light condi-
tions with the participant’s usual visual correction. The
interviewer made sure that the vision chart was well lit
with natural or indoor lighting and that the surface did
not reflect glare. Visual performance for distance and near
vision was taken from the eye with the better visual acuity
results. Subjective visual acuity was assessed through two
questions: a) In the last 30 days, how much difficulty did
you have in seeing and recognizing an object or a person
you know across the road (from a distance of about 20
meters)?; b) In the last 30 days, how much difficulty did
you have in seeing and recognizing an object at arm’s
length (for example, reading)? Five answers were permit-
ted: none, mild, moderate, severe, extreme.

Statistical analysis
Unweighted frequencies, weighted proportions, means,
confidence intervals and cross tabulations were applied
for descriptive analyses. The Chi-square test was used to
measure differences in visual performance, prevalence of
chronic diseases, multimorbidity, number of conditions
and sociodemographic variables across age and gender.
Crude and adjusted binary logistic regressions were
used to examine the association between chronic phys-
ical conditions and visual performance in participants
over 50 years (n=3625). Results are reported as Odds
Ratio (OR) with 95% CI. Adjusted models included age,
gender, education level, marital status, urbanicity, and all
chronic physical conditions. For the analyses regarding
the relationship between multimorbidity and visual per-
formance, adjusted models included age, gender, educa-
tion level, marital status, urbanicity, and number of
chronic conditions. Analogous procedures were used to
examine the association between visual acuity and the
variables related to mental health (depression, anxiety)
and cognitive functioning. In this case, adjusted models
included age, gender, education level, marital status,
urbanicity and all chronic physical conditions. Visual
acuity variables were transformed into binary variables
for the logistic regression. Objective distance visual acuity
was classified as “poor” (lower than 6/18) or “good” (equal
or better than 6/18). Objective near visual acuity was clas-
sified as “good” (able to read the smallest letters) or “poor”
(other cases). Subjective visual acuity with no or mild
problems was considered “good”, and “poor” in the case of
more serious problems. The Kappa inter-agreement test
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was performed for objective and subjective visual perform-
ance. The association was considered as fair (Kappa:
0.3206; Standard Error: 0.0118) [50]. For this reason,
objective and subjective visual performance were taken
into account separately in the logistic regression relating
vision and mental health.

The statistical analyses took into consideration the
complex nature of the sample design. Weights were used
in all analyses to adjust for differential probabilities of se-
lection within households, and post-stratification weights
to match the samples to population socio-demographic
distributions. Analyses were performed using IBM SPSS
statistics 19.

Ethics statement

The COURAGE study was approved by the partners’
Ethics Committees: Fundacié Sant Joan de Déu Ethics
Review Committee, Barcelona, Spain and La Princesa
University Hospital Ethics Review Committee, Madrid,
Spain. Written informed consent was obtained from the
participants. All investigators worked according to the
principles expressed in the Declaration of Helsinki.
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Results

Participant characteristics

The study population consisted of 4,583 participants. A
summary of the sociodemographic data is available in
Table 1. Age differences are statistically significant in
educational level, marital status and employment. As ex-
pected, prevalence of physical multimorbidity, chronic
physical conditions and mental conditions increased
with age, except for anxiety (Table 2). Cognitive func-
tioning below median per group was: a) 18-49 years:
48.5% (CI: 44.9-52.1); b) 50—64 years: 65.2% (CI: 61.5-
68.7); c) 65+: 83.1% (CI: 80.9-85.0).

In the overall adult population, a decrease in distance
visual acuity was observed across age groups (Table 3).
No gender differences were observed. For near visual
acuity, the worst results were found in the elderly and in
women. In the population aged over 65 years, only
33.8% of the women and 43.0% of the men achieved
highest near visual acuity. Age and gender differences
were also present in the subjective perception of distance
and near vision problems. Elderly women was the group
with the poorest results.

Table 1 Description of the sample of the Spanish Cohort of the COURAGE study

Total sample (n =4583) 18-49 years (n =958) 50-64 years (n=1760) >65 years (n=1865) p
Age (mean; SE) 47.6 (0.3) 35.7 (030) 57.0 (0.1) 749 (0.1)
Education (n; %) <0.001
No education 1269 (16.64%) 62 (6.53%) 311 (16.62%) 896 (46.70%)
Primary 1265 (24.93%) 190 (20.52%) 548 (32.81%) 527 (29.84%)
Secondary 1423 (39.29%) 474 (48.07%) 638 (35.42%) 311 (1661%)
2University 625 (19.14%) 232 (24.48%) 263 (15.15%) 130 (6.80%)
Gender (n; %) 0.006
Male 2078 (49.4%) 435 (51.35%) 829 (47.70%) 814 (44.95%)
Female 2505 (50.6%) 523 (48.65%) 931 (52.30) 1051 (55.04%)
Marital status (n; %) <0.001
Single 667 (27.3%) 357 (39.18%) 187 (10.39%) 123 (6.75%)
Married 2777 (56.6%) 519 (53.12%) 1238 (71.10%) 1020 (54.18%)
Separated/divorced 342 (7.1%) 76 (7.21%) 196 (10.86%) 70 (3.36%)
Widowed 797 (9.0%) 6 (0.49%) 139 (7.64%) 652 (35.72%)
Urbanicity (n; %) 0216
Urban 3958 (84.78%) 820 (85.40%) 1523 (83.69%) 1615 (83.93%)
Rural 625 (15.22%) 138 (14.60%) 237 (16.31%) 250 (16.07%)
Employment (n; %) <0.001
Working 1360 (46.21%) 543 (61.34%) 773 (47.47%) 44 (2.28%)
Retired 1387 (16.43%) 2 (0.24%) 183 (11.35%) 1202 (66.56%)
Other 1611 (37.36%) 342 (3841%) 681 (41.18%) 588 (31.16%)

SE = Standard Error.

Note = unweighted frequencies (n), and weighted means and proportions are displayed. Household income was divided into 5 quintiles. Education category ‘no
education’ included those people that had never been to school or did not finish primary school. Marital status ‘married’ category included currently married or
cohabiting. Employment ‘other’ category included training, homemakers, unemployed, voluntary work, health problems, caring for family, sick leave, no need to
work, temporary time off and voluntary work.
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Table 2 Prevalence of 12-month chronic physical conditions, mental disorders and multimorbidity according to age

Total 18-49 years 50-64 years 265 years p (age)

Angina 2,84 (244-3.29) 04 (0.2-09) 38 (29409) 9.2 (7.9-10.7) <0.001

Asthma 483 (4.11-567) 39(295.1) 4.3 (3.5-54) 8.1 (6.7-9.7) <0.001

Hypertension 16.55 (15.48-17.68) 34(23-50) 234 (213-257) 49.7 (47.4-52.0) <0.001

Edentulism 9.03 (7.67-1060) 28 (1650 8.2 (6.8-99) 283 (250-31.8) <0.001

Diabetes 6.66 (5.95-745) 20(13-3.0) 9.5 (7.9-11.3) 18.1 (16.2-20.1) <0.001

Arthritis 13.72 (12.66-14.84) 54 (4.2-7.0) 184 (164-206) 343 (31.8-36.9) <0.001

Chronic Lung D 335(283-3.95) 12 (0.7-2.1) 4.0 (3.1-5.1) 9.1 (7.7-108) <0.001

Stroke 213 (1.71-264) 05 (03-1.2) 24 (1.6-3.5) 66 (53-83) <0.001

Depression 897 (7.88-10.19) 70 (5.5-88) 120 (9.8-14.5) 122 (106-13.9) <0.001

Anxiety 1.09 (0.77-1.54) 09 (05-1.7) 1.8 (1.3-2.5) 10 (07-16) 0.120
Number of physical conditions

0 644 (62.7-66.1) 828 (80.3-85.0) 53.0 (494-56.5) 199 (17.9-22.1) <0.001

1 213 (199-227) 153 (13.2-17.7) 29.7 (27.3-323) 315 (297-334) <0.001

2 8.1 (7.5-88) 14 (09-22) 103 (88-12.1) 263 (24.2-285) <0.001

23 6.2 (56-6.8) 05(0.2-1.2) 70 (5.8-8.3) 223 (20.1-247) <0.001

Note = Weighted proportion and 95% Confidence Intervals are shown. Anxiety included Generalized Anxiety Disorder and Panic Disorder.

Association between physical health and visual acuity
Table 4 shows the crude and adjusted logistic regression
odds ratios for the association between visual acuity and
physical medical conditions in individuals over 50 years
old (n = 3,625). In the crude analysis, all chronic physical
conditions except chronic lung disease were associated
with worse distance visual acuity. In the adjusted model,
arthritis, stroke and diabetes were still associated with
worse distance visual acuity after adjusting for other co-
variates (OR 1.79 [CI 1.46-2.21]; OR 1.59 [CI 1.05-2.42];
OR 1.27 [1.01-1.60] respectively). Similar results were
found in the analysis of near visual acuity, although only
stroke resulted in a higher odds of worse visual acuity
(OR 3.01 [CI 1.86-4.87]) after adjusting for covariates.
The number of concurrent chronic physical conditions
was associated with an increased odds of worse visual
acuity for both near and distance vision. In the adjusted
model for distance visual acuity, patients with three or
more chronic physical conditions had the highest odds
(OR 1.75 [CI 1.38-2.23]). Similar results were found with
regard to the number of chronic physical conditions and
near visual acuity. The highest OR was associated with
having three or more chronic diseases (OR 1.69 [CI
1.27-2.24]).

Association between visual acuity and variables related to
mental health and cognition

After adjusting for covariates, subjective distance visual
acuity and subjective near visual acuity were revealed to
be associated with depression (OR 1.61 [CI 1.14-2.27];
OR 1.48 [CI 1.03-2.13]) (Table 5). No association was
found in any visual acuity variable with regard to anxiety

in the logistic model adjusting for covariates. For cogni-
tion, objective distance visual acuity, objective near visual
acuity, subjective distance visual acuity and subjective near
visual acuity were associated with lower cognitive per-
formance in the adjusted model (OR 1.27 [CI 1.02-1.59];
OR 1.51 [CL: 1.28-1.85]; OR 1.43 [CI 1.00-2.06); OR 2.40
[CI 152-3.71))

Discussion

Our study found a clear relationship between suffering
from various co-occurring chronic physical conditions
and poorer distance and near visual performance. Inde-
pendently, arthritis and stroke were associated with poor
visual acuity. With regard to mental health, poor sub-
jective visual acuity was associated with depression. No
association was found with anxiety. Both objective and
subjective poor VA were associated with worse cognitive
performance.

To date, this is the first study that has analyzed the
association between suffering from co-occurring physical
conditions and the odds of visual impairment, highlighting
the additive effect of chronic conditions. After adjusting
for covariates, our results show an increasing odds of poor
distance and near visual acuity according to the number
of chronic physical conditions. Since multimorbidity
affects a large proportion of the adult and elderly popula-
tion, this may be a common risk factor for visual impair-
ment. This is especially important as visual impairment
has been related to poorer results in quality of life and dis-
ability [3,6,51]. The underlying mechanism in this rela-
tionship is unknown. By analogy with frailty, in which
accumulation of deficits increases vulnerability to adverse
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Table 3 Vision acuity results across age and sex groups
TOTAL 18-49 years 50-64 years > 65 years P
(age) (sex)
Men Women Men Women Men Women

Objective DVA <0001 0113

26/18 79.7 (76.3-82.8) 816 (76.0-86.1) 86.2 (82.2-894) 83.2(79.8-86.1) 797 (75.2-837) 694 (64.3-740) 62.5 (57.7-67.1)

6/60 16.7 (139-200) 170 (126-224) 119(85-156) 15.1(12.3-183) 17.7 (142-219) 219 (183-26.1) 253 (21.6-295)

3/60 29 (23-38) 14 (0.5-39) 16 (0.8-3.2) 17 (1.0-29) 23 (15-37) 7.0 (5.1-94) 93 (74-11.7)

<3/60 06 (04-09) 0.1 (0.0-0.7) 0.3 (0.1-1.6) 0.1 (0.0-04) 0.2 (0.1-0.5) 1.7 (1.0-3.0) 28 (1.8-45)
Objective NVA <0.001 <0.001

Smallest letter  68.8 (664-71.1) 84.7 (81.0-87.99 80.0 (76.5-83.1) 596 (55.8-63.3) 537 (49.1-583) 43.0 (38.0-48.1) 33.8 (30.1-37.6)

Medium letter 286 (265-309) 145 (11.5-182) 186 (156-220) 38.1 (344-41.9) 434 (39.2-478) 508 (46.0-55.5) 579 (53.6-62.1)

Large letter 211627 05 (02-1.7) 14 (0.6-2.9) 2.1 (1.3-3.3) 23(14-38) 5.1 (39-68) 59 4.5-7.7)

Not large 05 (0.3-08) 0.2 (0.0-1.4) 0 0.2 (0.1-0.8) 05(02-14) 1.1 (05-24) 25 (1.5-4.1)

letter
Subjective <0.001 <0.001
DVA

None 87.8 (86.3-89.3) 93.2 (89.7-95.6) 93.4 (90.9-95.3) 89.9 (87.2-92.0) 839 (804-86.8) 785 (74.8-81.8) 67.5 (62.8-719)

Mild 8.3 (7.1-96) 54 (34-8.5) 50 (34-7.2) 82(62-109) 120(95-151) 14.1(11.6-169) 17.0 (139-206)

Moderate 28 (23-35) 08 (0.2-34) 14 (0.8-2.6) 1.5 (09-2.5) 3.2 (2.2-45) 5.7 (4.2-7.6) 10.7 (8.8-13.1)

Severe 1.1 (08-1.4) 06 (0.2-1.5) 0.2 (02-0.2) 04 (0.2-1.1) 1.0 (05-1.9) 1.8 (1.1-29) 47 (35-6.3)
Subjective <0.001 0506
NVA

None 89.2 (87.7-906) 93.1 (89.7-954) 96.2 (945-97.3) 883 (85.5-906) 85.7(82.0-88.8) 814 (77.7-84.7) 705 (656-74.9)

Mild 80 (6.8-9.4) 54 (3.4-86) 32 (21-48) 86 (66-112) 114(87-150) 133 (108-163) 199 (164-24.1)

Moderate 22(1.7-29) 1.0 (0.3-35) 06 (0.3-1.6) 28 (1.7-4.6) 261(1.7-38) 4.4 (3.1-6.3) 73 (5694)

Severe 05 (04-08) 05 (02-14) 0 03 (0.1-0.9) 03 (0.1-08) 0.8 (0.4-1.7) 23 (15-35)

DVA = distance visual acuity; NVA: near visual acuity. NOTE = Subjective visual assessment results were related to problems: none, mild problems, moderate
problems, severe problems. Weighted proportion and 95% Confident intervals are shown; p(age) refers to statistical differences in the three age groups; p(sex)
refers to differences in gender, with of the age group; subjective visual acuity is assessed as vision problems mentioned by the patient.

outcomes, the co-occurrence of various chronic condi-
tions could be related to a higher risk of visual impair-
ment [52]. People with several chronic conditions, such
as cardiovascular conditions, diabetes or arthritis, may
have cumulative risk due to vascular, neurodegenerative,
biochemical or inflammatory pathways. Some of these
relationships have been studied independently in some
conditions. For example, diabetes is related to cataracts
and diabetic retinopathy, and arthritis has been associ-
ated with a higher risk of cataracts [20,53,54]. However,
it is known that not only diabetes but also hyperten-
sion and hypercholesterolemia are risk factors for dia-
betic retinopathy so, in this case, cumulative effects are
possible [55,56].

Stroke was associated with a high odds of distance and
near visual impairment (OR: 1.59 [CI 1.05-2.42]; OR:
3.01 [CI 1.86-4.87]). It is known that stroke is related to a
range of visual sequelae, such as low vision, hemianopia,
quadrantanopia and motility disorders, but little infor-
mation is available at an epidemiological level [57]. Low

vision may be due to vascular pathology or other ocular
abnormalities [58]. Rowe et al. found that up to 92% of
stroke survivors have some form of visual impairment
[57]. Our results support this relationship and highlight
the need for visual assessment after stroke. We also found
a higher odds of distance visual impairment in respon-
dents with arthritis. The relationship between arthritis and
vision loss is poorly understood and may also be multifac-
torial. Firstly, extra-articular arthritis symptoms may in-
clude uveitis, ulcerative keratitis, scleritis, severe Sjogren
syndrome and other conditions directly associated with vi-
sion loss [59,60]. Moreover, medication for arthritis such
as corticoids or chloroquine/hydroxicloroquine have been
associated with an increased prevalence of glaucoma, cata-
racts or retinopathy [61-64]. There is, however, no clear
evidence on the relationship between osteoarthrosis and
visual impairment. At an epidemiological level, there are
few data on this issue but it has recently been suggested
that there is a higher risk of eye diseases in patients with
joint diseases [65]. Finally, individual odds of distance
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Table 4 Association between chronic physical conditions and poor visual acuity
DVA (OR) DVA (AOR) NVA (OR) NVA (AOR)
Angina 1.57 (1.17-2.11) 1.12 (0.84-1.51) 143 (1.07-191) 1.07 (0.78-148)
Asthma 142 (1.04-195) 1,02 (0.72-1.44) 1.38 (0.99-193) 1.04 (0.70-1.54)
Hypertension 1.28 (1.08-1.52) 087 (0.73-1.04) 151 (1.23-1.78) 1.10 (0.94-1.28)
Edentulism 1.70 (1.33-2.18) 1.12 (0.89-1.43) 174 (142-2.14) 1.16 (096-141)
Diabetes 1.59 (1.28-1.98) 1.27 (1.01-1.60) 1.22 (0.86-175) 1.15 (0.86-1.52)
Arthritis 230 (1.92-275) 1.79 (146-2.21) 163 (1.33-198) 1.16 (0.57 -1.40)
Chronic Lung D 1.38 (0.99-1.93) 1.02 (0.74-1.42) 1.34 (090-2.02) 1.06 (0.70-1.60)
Stroke 1.87 (1.24-283) 1.59 (1.05-2.42) 353 (218-5.73) 01 (1.86-4.87)
Number of physical conditions
1 167 (1.35-2.08) 1.32 (1.07-1.63) 163 (1.38-1.94) 133 (1.13-157)
2 195 (1.51-2.51) 1.30 (1.00-1.67) 2,06 (1.64-260) 143 (1.13-1.81)
>3 283 (2.23-358) 1.75(1.38-2.23) 264 (2.00-348) 169 (1.27-2.24)

DVA = distance visual acuity; NVA: near visual acuity; OR = 0dds Ratio; AOR = Adjusted Odds Ratio.
Note = Results with 95% Confidence interval. In bold, statistically significant (p < 0.05). AORs are based on logistic regression model including all medical
conditions, age, gender, educational level, marital status, and urbanicity. For number of physical conditions, the adjusted models included number of physical

conditions, age, gender, educational level, marital status, and urbanicity.

visual impairment was increased in diabetic patients, as
expected. However, this association was slight and was not
found in the case of near visual acuity, distance subjective
visual acuity and near subjective visual acuity. We
hypothesize that adjusting by the time from the onset of
diabetes could impact the results with diabetes but this
information was not available in our study.

With regard to mental health, our results show a clear
association between visual impairment and depression.
Although visual impairment and depression have been
associated in working age adults [66], there is contro-
versy on this topic in older adults [2,22,24,25,67,68].
Variability in the studies arises with regard to the type of
visual assessment used, including objective visual acuity,
medical-record review, presence of age-related eye-disease
or vision-loss severity with functional screening. Besides
objective measures, the need for measures that accurately
assess the degree of visual impairment experienced by the
person has been highlighted [69,70]. Self-experienced vis-
ual loss may be important as this could lead to disability,
functional decline, and communicative and social isolation
[66,71-74]. In our case, we tested both objective and sub-
jective visual acuity to analyze the nature of their relation-
ships with depression and other mental conditions. We

found a stronger association between depression and sub-
jective visual impairment, which highlights the importance
of the self-perceived impairment. In fact, the Health Care
Policy and Research Cataract Surgery Guidelines suggest
that one important indication for cataract surgery may be
the degree of functional disability rather than objective
visual assessment alone [75,76]. The differing results in
objective and subjective visual impairment with regard to
depression could be influenced by the negative perception
that these patients may have about themselves. Anxiety
showed no association with visual acuity, corroborating
previous studies in adults and the elderly [21,23,24,77-79].
There is, however, some controversy as higher rates of
anxiety have been observed in populations with some ocu-
lar conditions [2,80]. Our study adds valuable information
regarding anxiety because there are relatively few studies
on this subject and in most cases they did not have a clear
definition of anxiety. Other less-specific variables were
used, such as concern about blindness. Moreover, our
study deals with objective and subjective visual impair-
ment, providing a general evaluation of the impact of vis-
ual performance on anxiety. The relevance of our results
is reinforced by the fact that we have used the CIDI ques-
tionnaire, a comprehensive, standardized interview that

Table 5 Association between poor visual acuity and variables related to mental health and cognitive functioning

Depression (OR) Depression (AOR) Anxiety (OR) Anxiety (AOR)  Cognition (OR)  Cognition (AOR)
Distance VA 164 (1.27-212) 1.25 (0.97-161) 090 (047-1.71) 0.74 (0.39-1.40) 147 (1.17-1.86) 1.27 (1.02-1.59)
Near VA 139 (1.01-1.93) 1.10 (0.78-1.53) 097 (055-173) 0.3 (043-1.64) 172 (146-2.02) 1(1.28-1.85)
Subjective distance VA 280 (2.10-374) 161 (1.14-2.27) 215 (1.14-404) 147 (0.71-3.04) 205 (1.44-290) 43 (1.00-2.06)
Subjective near VA 240 (1.74-3.30) 148 (1.03-2.13) 042 (0.09-193) 0.27 (0.05-1.36) 2.96 (1.92-455) 240 (1.52-3.71)

VA = visual acuity; OR = Odds Ratio; AOR = Adjusted Odds Ratio.
Note = Adjusted models included age, gender, education level, marital status, urbanicity and all chronic physical conditions. Results with 95% Confidence interval.
In bold, statistically significant (p < 0.05).



PR Methods and results

Garin et al. BMC Public Health 2014, 14:815
http://www.biomedcentral.com/1471-2458/14/815

has demonstrated particular usefulness in epidemiological
and cross-cultural studies [81]. By using the CIDI, our re-
sults can be compared with those of other studies using
the same approach.

Finally, cognitive functioning was found to be associ-
ated with distance and near visual impairment, at both
objective and subjective levels. The strongest relation-
ship was observed in subjective near visual impairment.
Mixed results have previously been found with regard to
visual performance and cognitive functioning in the eld-
erly population [29-33,82].

Simulated visual impairment has shown cognitive
slowing in adults, especially in the elderly [83,84]. More-
over, other studies have found a clear relationship be-
tween visual performance and cognitive disorders such
as Alzheimer’s and Parkinson's disease [85-87]. The
interaction between vision and cognition is not fully
understood. On the one hand, visual loss could lead to
deprivation of sensory input, leading to cerebral structural
or functional changes. On the other hand, a common
physiological pathway could be involved. A loss of ret-
inal ganglion cells and impairment of the ventral and
dorsal pathways in patients with Alzheimer’s disease has
been described [85,88]. Besides the etiopathogenic impli-
cations of the association between vision and cognition,
this interaction should be highlighted because coexisting
visual and cognitive impairment has been related to a
higher risk of disability [89].

Our study has several limitations. Cross-sectional
studies identify associations but do not allow cause and
effect relationships to be determined. Moreover, age ef-
fects may not be distinguished from cohort effects. Lon-
gitudinal studies are needed to confirm these results.
Multimorbidity research would benefit from standard-
ized inclusion and definition of diseases [65]. In some
cases, the Expanded Diagnosis Clusters adapted of the
ACG" system have been used, an exhaustive method that
is complex to apply outside the clinical setting and
where poor integration of health care levels exists [17].
It is known that a higher number of conditions results
in a higher proportion of multimorbidity [19]. For our
study, the choice of chronic conditions was made ac-
cording to the SAGE study, focusing on a limited num-
ber of conditions that are highly prevalent in the general
population and constitute major causes of disability. This
methodology allows the work to be conducted across
countries. Self-reported data could affect the results, al-
though this would be minimal as acceptable correlation
between self-reported and medical-record diagnosis has
been found [90,91]. With respect to vision itself, future
studies should include binocular visual acuity assessment
and other visual tests such as contrast sensitivity and glare
disability. Another limitation is the fact that some differ-
ences could arise when using distinct subjective strategies
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in the visual assessment, which could affect the results
[92]. Moreover, since visual impairment becomes more
frequent in advanced ages, participants in their fifties
could potentially skew the results of the analyses. Con-
sequently, we performed a sensitivity analysis with par-
ticipants over 65 years which showed similar results
compared with the results of the global sample (50 years
and over). Finally, poorer results in cognitive function-
ing may appear in patients with vision loss when the
tests include vision tasks [93,94]. In our study, only the
verbal memory tests included a reading part. However,
the interviewer read the words aloud if the respondent
had reading difficulties, so this bias may be minimized.

Conclusion

The results of our study contribute to a deeper under-
standing of visual impairment and its relationship with
chronic physical conditions and mental disorders. There
seems to be a clear association between a higher number
of co-occurring chronic physical conditions and poorer
results in distance and near visual functioning. Elderly
patients with multimorbidity would benefit from extra
eye-care and this would also improve the efficiency of
the health care system. At an independent level, suffer-
ing from stroke and arthritis is highly associated with
poorer results in visual functioning. The presence of
these conditions could be triggers for visual impairment.
With regard to mental health, poor subjective but not
objective visual functioning is closely related to depres-
sion, highlighting the importance of subjective perception
in depression. Since poor cognition has also been related
to poor visual functioning, it would be advisable to moni-
tor mood and cognitive functioning in people suffering
from visual disorders.

Competing interests

None of the authors have any proprietary interests or conflicts of interest
related to this submission.

This submission has not been published anywhere previously and it is not
simultaneously being considered by any other publication.

Authors’ contributions

NG: Participated in the database management, drafted the paper, carried out
the statistical analyses and worked on the interpretation of data. He also
gave final approval of the version to be published and agreed to be
accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately
investigated and resolved. BO: Participated in the acquisition of data,
database management, critical revision of the paper, and carried out the
statistical analyses. She also gave final approval of the version to be
published and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved. EL: Participated in the
database management and critical revision of the paper. She also gave final
approval of the version to be published and agreed to be accountable for all
aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.
MVM: Participated in the study design, database management, statistical
support and critical revision of the paper. She also gave final approval of the
version to be published and agreed to be accountable for all aspects of the



Garin et al. BMC Public Health 2014, 14:815
http://www.biomedcentral.com/1471-2458/14/815

work in ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved. MM:
Participated in the acquisition of data, database management and critical
revision of the paper. She also gave final approval of the version to be
published and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved. JLA: Participated in the
study design, acquisition of data, interpretation of data and critical revision
of the paper. He also gave final approval of the version to be published and
agreed to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. JMH: Participated in the study
design, acquisition of data, interpretation of data and critical revision of the
paper. He also gave final approval of the version to be published and agreed
to be accountable for all aspects of the work in ensuring that guestions
related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Acknowledgements

The research leading to these results received funding from the European
Community's Seventh Framework Programme (FP7/2007-2013) under grant
agreement number 223071 (COURAGE in Europe) and the Spanish Ministry
of Education, Culture and Sport (FPU12/05661). Additional support was
provided by funds from the Instituto de Salud Carlos IlI-FIS, research grants
numbers PS09/00295 and PSQ9/01845, from the Spanish Ministry of Science
and Innovation’s ACI-Promociona (ACI2009-1010). The study was supported
by the Centro de Investigacion Biomédica en Red de Salud Mental
(CIBERSAM), Instituto de Salud Carlos Ill. This article is part of a PhD
programme developed in the Public Health Department of the Universitat
de Barcelona, Spain.

Author details

"Parc Sanitari Sant Joan de Déu, Universitat de Barcelona, Dr Antoni Pujades,
42, 08830 Barcelona, Sant Boi de Llobregat, Spain. “Fundacié Sant Joan de
Déu, Santa Rosa, 39-57, 08950 Barcelona, Esplugues de Llobregat, Spain.
JInstituto de Salud Carlos Ill, Centro de Investigacion Biomédica en Red de
Salud Mental, CIBERSAM, Monforte de Lemos 3-5. Pabellén 11 28029 Madrid,
Spain. *Department of Psychiatry, Universidad Auténoma de Madrid,
Arzobispo Morcillo s/n 28029, Madrid, Spain. “Instituto de Investigacion
Sanitaria Princesa (IP), Diego de Leon, 62, 28006 Madrid, Spain.

Received: 2 April 2014 Accepted: 26 June 2014
Published: 8 August 2014

References

1. Lee DJ, Gomez-Marin O, Lam BL, Zheng DD, Caban A: Visual impairment
and morbidity in community-residing adults: the national health
interview survey 1986-1996. Ophthalmic Epidemiol 2005, 12(1):13-17.

2. LY, Crews JE, Elam-Evans LD, Fan AZ, Zhang X, Elliott AF, Balluz L: Visual
impairment and health-related quality of life among elderly adults with
age-related eye diseases. Qual Life Res 2011, 20(6):845-852.

3. Finger RP, Fenwick E, Marella M, Dirani M, Holz FG, Chiang PP-C, Lamoureux
EL: The impact of vision impairment on vision-specific quality of life in
Germany. Invest Ophthalmol Vis 5¢i 2011, 52(6):3613-3619.

4. Chia E-M, Mitchell P, Rochtchina E, Foran S, Wang JJ: Unilateral visual
impairment and health related quality of life: the Blue Mountains Eye
Study. 8r J Ophthalmol 2003, 87(4).392-395.

5. Du Toit R, Palagyi A, Ramke J, Brian G, Lamoureux EL: The impact of
reduced distance and near vision on the quality of life of adults in
Timor-Leste. Ophthalmology 2010, 117(12):2308-2314.

6.  Lopez D, McCaul KA, Hankey GJ, Norman PE, Almeida OP, Dobson AJ, Byles
JE, Yeap BB, Flicker L: Falls, injuries from falls, health related quality of life
and mortality in older adults with vision and hearing impairment-is
there a gender difference? Maturitas 2011, 69(4):359-364.

7. Grue EV, Ranhoff AH, Noro A, Finne-Soveri H, Jensdottir AB, Ljunggren G,
Bucht G, Bjornson LJ, Jonsén E, Schroll M, Jénsson PV: Vision and hearing
impairments and their associations with falling and loss of instrumental
activities in daily living in acute hospitalized older persons in five Nordic
hospitals. Scand J Caring Sci 2009, 23(4)635-643

8. Zheng DD, Christ SL, Lam BL, Arheart KL, Galor A, Lee DJ: Increased
mortality risk among the visually impaired: the roles of mental well-

20.

21

22

23

24,

25.

26.

27.

28.

29

Methods and results

Page 9 of 11

being and preventive care practices. invest Ophthalmol Vis Sci 2012,
53(6):2685-2692.

World Health Organization: Global Initiative for the Elimination of Avoidable
Blindness. Action Plan 2006-2011. France: WHO Library Cataloguing-in-Publication
Data; 2007:90. [http/Avwwwho.int/blindnessVision2020_report.pdf]

World Health Crganization: International Classification of Functioning,
Disability and Health: ICF. Geneva: WHO Library Cataloguing-in-Publication
Data; 2001:299.

Finger RP, Bertram B, Wolfram C, Holz FG: Blindness and visual impairment
in Germany: a slight fall in prevalence. Disch Arztebl Int 2012,
109(27-28):484-489.

Sainz-Gomez C, Fernandez-Robredo P, Salinas-Alaman A, Montaiés JM,
Escudero Berasategui JM, Guillén-Grima F, Ruiz-Moreno JM, Garcia-Layana A:
Prevalence and causes of bilateral blindness and visual impairment
among institutionalized elderly people in Pamplona, Spain. Fur /
Ophthalmol 2010, 20(2):442-450.

World Health Organization: Executive board: draft action plan for the
prevention of avoidable blindness and visual impairment 2014-2019.
Universal eye health: a global action plan 2014-2019. 2013. http://apps.
who.int/gb/ebwha/pdf_files/EB132/B132_9-en.pdf.

Lee DJ, Lam BL, Gémez-Marin O, Zheng DD, Caban AJ: Concurrent hearing
and visual impairment and morbidity in community-residing adults: the
National Health Interview Survey, 1986 to 1996. / Aging Health 2005,
17(5):531-546.

United Nations. Department of Economic and Social Affairs. Population
Division: Population ageing and development 2012. 2012. httpy//www.un.
org/esa/population/publications/2012WorldPopAgeingDev_Chart/
2012PopAgeingandDev_WallChart.pdf.

Olusanya B, Onoja G, Ibraheem W, Bekibele C: Profile of patients
presenting at a low vision clinic in a developing country. BMC
Ophthalmol 2012, 12:31. doi:10.1186/1471-2415-12-31.

Prados-Torres A, Poblador-Plou B, Calderén-Larrafiaga A, Gimeno-Feliu LA,
Gonzalez-Rubio F, Poncel-Falcd A, Sicras-Mainar A, Alcald-Nalvaiz JT: Multi-
morbidity patterns in primary care: interactions among chronic diseases
using factor analysis. PLoS One 2012, 7(2):232190. doi:10.1371/journal.
pone.0032190.

Uijen AA, van de Lisdonk EH: Multimorbidity in primary care: prevalence
and trend over the last 20 years. fur J Gen Pract 2008, 14(Suppl 1):28-32,
Marengoni A, Angleman 5, Melis R, Mangialasche F, Karp A, Garmen A,
Meinow B, Fratiglioni L: Aging with multimorbidity: a systematic review of
the literature. Ageing Res Rev 2011, 10(4):430-439.

Tarr JM, Kaul K, Wolanska K, Kohner EM, Chibber R: Retinopathy in
diabetes. Adv Exp Med Biol 2012, 771:88-106.

Lotery A, Xu X, Zlatava G, Loftus J: Burden of illness, visual impairment
and health resource utilisation of patients with neovascular age-related
macular degeneration: results from the UK cohort of a five-country
cross-sectional study. Br / Ophthalmol 2007, 91(10):1303-1307.

Hayman KJ, Kerse NM, La Grow SJ, Wouldes T, Robertson MC, Campbell AJ:
Depression in older people: visual impairment and subjective ratings of
health. Optom Vis S¢i 2007, 84(11):1024-1030.

Donoyama N, Takeda F: Mental health and related factors among
massage practitioners with visual impairment. Ind Health 2007,
45(2):191-198.

Evans JR, Fletcher AE, Wormald RPL: Depression and anxiety in visually
impaired older people. Ophthalmology 2007, 114(2):283-288.

Lamoureux EL, Fenwick E, Moore K, Klaic M, Borschrann K, Hill K: Impact of
the severity of distance and near-vision impairment on depression and
vision-specific quality of life in older people living in residential care.
Invest Ophthalmol Vis Sci 2009, 50(9):4103-4109.

Lam BL, Christ SL, Lee DJ, Zheng DD, Arheart KL: Reported visual
impairment and risk of suicide: the 1986-1996 national health interview
surveys. Arch Ophthalmol 2008, 126(7):975-980.

Chang LYL, Lowe J, Ardiles A, Lim J, Grey AC, Robertson K, Danesh-Meyer H,
Palacios AG, Acosta ML: Alzheimer’s disease in the human eye. Clinical
tests that identify ocular and visual information processing deficit as bio-
markers. Alzheimers Dement 2014, 10(2):251-261.

Elyashiv SM, Shabtai EL, Belkin M: Correlation between visual acuity and
cognitive functions. Br J Ophthalmol 2014, 98(1):129-132.

Sloan FA, Ostermann J, Brown DS, Lee PP: Effects of changes in self-
reported vision on cognitive, affective, and functional status and living
arrangements among the elderly. Am J Ophthalmol 2005, 140(4):618-627.



Methods and results

Garin et al. BMC Public Health 2014, 14:815
http://www.biomedcentral.com/1471-2458/14/815

30.

31

32

33

34,

35.

36.

37.

38.

39.

40.

41,

42,

43

44,

45.

46.

47.

48.

49,

Elliott AF, McGwin G, Owsley C: Vision impairment among older adults
residing in assisted living. J Aging Health 2013, 25(2):364-378.

Ong SY, Cheung CY, Li X, Lamoureux EL, lkram MK, Ding J, Cheng CY,
Haaland BA, Saw 5M, Venketasubramanian N, Chen CP, Wong TY: Visual
impairment, age-related eye diseases, and cognitive function: the
Singapore Malay Eye study. Arch Ophthalmol 2012, 130(7):895-900.

Prince M, Acosta D, Ferri CP, Guerra M, Huang Y, Jacob KS, Jotheeswaran AT,
Liu Z, Rodriguez JJ, Salas A, Sosa AL, Williams JO: The association between
commen physical impairments and dementia in low and middle income
countries, and, among people with dementia, their association with
cognitive function and disability. A 10/66 Dementia Research Group
population-based study. Int J Geriatr Psychiatry 2011, 26(5):511-519.

Clemons TE, Rankin MW, McBee WL: Cognitive impairment in the
Age-related Eye disease study: AREDS report no. 16. Arch Ophthalmol
2006, 124(4):537-543.

Leonardi M, Chatterji 5, Koskinen 5, Ayuso-Mateos JL, Haro JM, Frisoni G,
Frattura L, Martinuzzi A, Tobiasz-Adamczyk B, Gmurek M, Serrano R,
Finocchiaro C, on behalf of COURAGE in Europe Project’s Consortium:
Determinants of health and disability in ageing population: the
COURAGE in Europe project (Collaborative Research on Ageing in
Europe). Clin Psychol Psychother 2013. doi:10.1002/cpp.1856.

World Health Qrganization: WHO | Process of Translation and Adaptation of
Instruments. World Health Organization. Available from: http//www.who.int/
substance_abuse/research_tools/translation/en/.

Ustun TB, Chatterji S, Mechbal A, Murray CJL, WHS collaborating groups:
Chapter X: Quality Assurance in Surveys: Standards, Guidelines and
Procedures. In Household Sample Surveys in Developing and Transition
Countries. Edited by United Nations, New York: United Nations Publications;
2005:199-230. [httpy/unstats.un.org/unsd/hhsurveys/pdf/
Household_surveys.pdf]

Hinton R, Moody RL, Davis AW, Thomas SF: Ostecarthritis: diagnosis and
therapeutic considerations. Am Fam Physician 2002, 65(5):841-848,

Global initiative for Chronic Obstructive Lung Disease: Global strategy for
the diagnosis, management, and prevention of chronic obstructive
pulmonary disease. 2013. http/fwww goldcopd org/uploads/users/files/
GOLD_Report_2013_Feb20.pdf.

Global Initiative for Asthrna: Global strategy for asthma management and
prevention. 2012 http/Awww.ginasthma.org/local/uploads/files/
GINA_Report_2014_Aug12.pdf.

National Collaboratoring Centre for Chronic Conditions: NICE Clinical
Guideline 68: Stroke, Diagnosis and Initial Management of Acute Stroke and
Transient Ischaemic Attack (TIA). NHS NICE; 2008. httpy/Awww.nice.org.uk/
guidance/cgbB/resources/guidance-stroke-pdf,

American Optometric Assaciation: Optometric clinical practice guideline:
care of the adult patient with cataract. 2004, http//www.aoa.org/
documents/CPG-8.pdf.

Alves L, Cesar JA, Horta BL: Prevalence of angina pectoris in Pelotas,
South of Brazil. Arq Bras Cardiol 2010, 95(2):179-185.

Kawal P, Chatterji S, Naidoo N, Biritwurn R, Fan W, Lopez Ridaura R,
Maximova T, Arokiasamy P, Phaswana-Mafuya N, Williams 5, Snodgrass 1,
Minicuci N, D'Este C, Peltzer K, Boerma JT, SAGE Collaborators: Data
resource profile: the World Health Organization Study on global AGEing
and adult health (SAGE). Int J Epidemiol 2012, 41(6):1639-1649.

American Psychiatric Association: Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV). Washington, DC: American Psychiatric Association; 1994,
Marris JC, Heyman A, Mohs RC, Hughes JP, van Belle G, Fillenbaum G,
Mellits ED, Clark C: The Consortium to Establish a Registry for Alzheimer's
Disease (CERAD). Part I. Clinical and neuropsychological assessment of
Alzheimer's disease. Neurology 1989, 39(9):1159-1165,

Psychological Corporation: The WAIS Ill - WIMS il updated technical manual.
San Antonio, TX: Psychological Corporation; 2002.

Perales J, Martin S, Ayuso-Mateos JL, Chatterji S, Garin N, Koskinen 5, Leo-
nardi M, Miret M, Moneta V, Olaya B, Tobiasz-Adamczyk B, Haro JM: Factors
associated with active aging in Finland, Poland, and Spain. Int Psychogeriatr
2014, 1-13, http//dx.doiorg/10,1017/51041610214000520,

He W, Muenchrath M, Kowal P: A cross-country study of health and well-
being of the older populations in SAGE countries, 2007-2010. 2012,
Available from: [http//www.census.gov/prod/2012pubs/po5-12-01.pdf]
Keeffe JE, Lovie-Kitchin JE, Maclean H, Taylor HR: A simplified screening
test for identifying pecple with low vision in developing countries.

Bull World Health Organ 1996, 74(5):525-532.

50.

51

52,

53;

54.

55,

56.

57.

58.

59.

60.

61

62,

63.

64.

65.

66.

67.

68.

70.

71

72

73.

74.

Page 10 of 11

Landis JR, Koch GG: The measurement of observer agreement for
categorical data. Siometrics 1977, 33(1):159-174.

Rahi JS, Cumnberland PM, Peckham CS: Visual impairment and vision-
related quality of life in working-age adults: findings in the 1958 British
birth cohort. Ophthalmology 2009, 116(2):270-274.

Searle 50, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K: A standard
procedure for creating a frailty index. BMC Geriat 2008, doi10.1186/1471-
2318-8-24

Richter GM, Torres M, Choudhury F, Azen SP, Varma R: Risk factors for
cortical, nuclear, posterior subcapsular, and mixed lens opacities: the Los
Angeles Latino Eye Study. Ophthalmology 2012, 119(3):547-554,

Falsarella GR, Coimbra IB, Barcelos CC, Costallat LT, Carvalho OM, Coimbra
AM: Prevalence and factors associated with rheumatic diseases and
chronic joint symptoms in the elderly. Geriatr Gerontol Int 2013,
13(4):1043-1050.

Stitt AW, Lois N, Medina RJ, Adamson P, Curtis TM: Advances in our
understanding of diabetic retinopathy. Cfin Sci {Lond) 2013, 125(1):1-17.
Sen K, Misra A, Kurnar A, Pandey RM: Simvastatin retards progression of
retinopathy in diabetic patients with hypercholesterolemia. Digbetes Res
Clin Pract 2002, 56(1):1-11.

Rowe F, Brand D, Jackson CA, Price A, Walker L, Harrison 5, Eccleston C,
Scott C, Akerman N, Dodridge C, Howard C, Shipman T, Sperring U,
MacDiarmid 5, Freernan C: Visual impairment following stroke: do stroke
patients require vision assessment? Age Ageing 2009, 38(2):188-193.
Lotery A: Correctable visual impairment in stroke rehabilitation patients.
Age Ageing 2000, 29(3):221-222.

Cojocaru M, Cojocaru IM, Silosi |, Virabie CD, Tanasescu R: Extra-articular
manifestations in rheumatoid arthritis. Maedica 2010, 5(4):286-291.

Qzdal PC, Vianna RNG, Deschénes J: Visual outcome of juvenile
rheumatoid arthritis-associated uveitis in adults. Ocul Immunol inflarmm
2005, 13(1)33-38.

Marmor MF, Kellner U, Lai TYY, Lyons JS, Mieler WF: Revised
recommendations on screening for chloroquine and hydroxychloroguine
retinopathy. Ophthalmology 2011, 118(2):415-422

Razeghinejad MR, Katz LJ: Steroid-induced iatrogenic glaucoma.
Ophthalmic Res 2012, 47(2):66-80.

Jamnes ER: The etiology of steroid cataract. ./ Ocul Pharmacol Ther 2007,
23(5):403-420.

Shah 5P, Desai CK, Desai MK, Dikshit RK: Steroid-induced central serous
retinopathy. Indian J Fharmacol 2011, 43(5):607-608,

Kirchberger |, Meisinger C, Heier M, Zimmermann A-K, Thorand B, Autenrieth
S, Peters A, Ladwig KH, Déring A: Patterns of multimorbidity in the aged
population. Results from the KORA-Age study. FLoS One 2012,
7(1}:e30556.

Nyrman SR, Gosney M#A, Victor CR: Psychosocial impact of visual impairment
in working-age adults. 8 J Ophthalmol 2010, 94(11):1427-1431.

Brody BL, Gamst AC, Williams RA, Smith AR, Lau PW, Dolnak D, Rapaport
MH, Kaplan RM, Brown SI: Depression, visual acuity, comorbidity, and
disability associated with age-related macular degeneration.
QOphthalmology 2001, 108(10):1893-1900. discussion 1900-1.

Horowitz A, Reinhardt IP, Kennedy GJ: Major and subthreshold depression
among older adults seeking vision rehabilitation services. Am J Geriatr
Psychiatry 2005, 13(3):180-187.

Margolis MK, Coyne K, Kennedy-Martin T, Baker T, Schein O, Revicki DA:
Vision-specific instruments for the assessment of health-related quality
of life and visual functioning: a literature review. Pharmacoeconomics
2002, 20(12):791-812.

Massof RW, Rubin G5: Visual function assessment questionnaires. Surv
Ophthalmol 2001, 45(6):531-548.

Alma MA, van der Mei SF, Melis-Dankers BJM, van Tilburg TG, Groothoff JW,
Suurmeijer TPBM: Participation of the elderly after vision loss. Disabil
Rehabil 2011, 33(1)63-72.

Heine C, Browning CJ: Communication and psychosocial consequences of
sensory loss in older adults: overview and rehabilitation directions.
Disabil Rehabil 2002, 24(15):.763-773.

Steinman BA, Allen SM: Self-reported vision impairment and its
contribution to disability among older adults. J Aging Health 2012,
24(2):307-322.

Jampel HD, Frick KD, Janz NK, Wren PA, Musch DC, Rimal R, Lichter PR,
CIGTS Study Group: Depression and mood indicators in newly diagnosed
glaucoma patients. Am J Ophthalmol 2007, 144(2):238-244.



Garin et al. BMC Public Health 2014, 14:815
http://www.biomedcentral.com/1471-2458/14/815

75.

76.

78.

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

92.

93.

94,

Lee PP, Whitcup SM, Hays RD, Spritzer K, Javitt J: The relationship between
visual acuity and functioning and well-being among diabetics. Qual Life
Res 1995, 4(4).319-323.

The Royal College of Ophthalmologists: Cataract Surgery Guidelines. 2010.
Cumurcu T, Cumurcu BE, Celikel FC, Etikan |: Depression and anxiety in
patients with pseudoexfoliative glaucoma. Gen Hosp Psychiatry 2006,
28(6):509-515.

Jangra D, Ganesh A, Thackray R, Austin L, Ulster A, Sutherland J, Levin AV:
Psychosocial adjustment to visual loss in patients with retinitis
pigmentosa. Ophthalmic Genet 2007, 28(1):25-30.

Janz NK, Wren PA, Lichter PR, Musch DC, Gillespie BW, Guire KE, Mills RP,
CIGTS Study Group: The Collaborative Initial Glaucoma Treatment Study:
interim quality of life findings after initial medical or surgical treatment
of glaucoma. Ophthalmology 2001, 108(11):1954-1965.

Mabuchi F, Yoshimura K, Kashiwagi K, Shioe K, Yamagata Z, Kanba S, lijima
H, Tsukahara S: High prevalence of anxiety and depression in patients
with primary open-angle glaucoma. J Glaucoma 2008, 17(7):552-557.
Haro JM, Arbabzadeh-Bouchez S, Brugha TS, de Girolamo G, Guyer ME, Jin R,
Lepine JP, Mazzi F, Reneses B, Vilagut G, Sampson NA, Kessler RC: Concordance
of the Composite International Diagnostic Interview Version 3.0 (CIDI 3.0)
with standardized clinical assessments in the WHO World Mental Health
surveys. Int J Methods Psychiatr Res 2006, 15(4):167-180.

Gussekloo J, de Craen AJM, Oduber C, van Boxtel MPJ, Westendorp RGJ:
Sensory impairment and cognitive functioning in oldest-old subjects:
the Leiden 85+ Study. Am J Geriatr Psychiatry 2005, 13(9):781-786.

Wood J, Chaparro A, Anstey K, Lacherez P, Chidgey A, Eisemann J, Gaynor
A, La P: Simulated visual impairment leads to cognitive slowing in older
adults. Optom Vis Sci 2010, 87(12):1037-1043.

Wood JM, Chaparro A, Anstey KJ, Hsing YE, Johnsson AK, Morse AL,
Wainwright SE: Impact of simulated visual impairment on the cognitive
test performance of young adults. Br J Psychol 2009, 100(Pt 3):593-602.
Kirby E, Bandelow S, Hogervorst E: Visual impairment in Alzheimer’s
disease: a critical review. J Alzheimers Dis 2010, 21(1):15-34.

Uc EY, Rizzo M, Anderson SW, Qian S, Rodnitzky RL, Dawson JD: Visual
dysfunction in Parkinson disease without dementia. Neurology 2005,
65(12):1907-1913.

Archibald NK, Clarke MP, Mosimann UP, Burn DJ: Visual symptoms in
Parkinson’s disease and Parkinson’s disease dementia. Mov Disord 2011,
26(13):2387-2395.

Iserl PK, Altinas O, Tokay T, Yksel N: Relationship between cognitive
impairment and retinal morphological and visual functional
abnormalities in Alzheimer disease. J Neuroophthalmol 2006, 26(1):18-24.
Whitson HE, Cousins SW, Burchett BM, Hybels CF, Pieper CF, Cohen HJ: The
combined effect of visual impairment and cognitive impairment on
disability in older people. J Am Geriatr Soc 2007, 55(6):885-891.
Kriegsman DM, Penninx BW, van Eijk JT, Boeke AJ, Deeg DJ: Self-reports
and general practitioner information on the presence of chronic
diseases in community dwelling elderly. A study on the accuracy of
patients’ self-reports and on determinants of inaccuracy. J Clin Epidemiol
1996, 49(12):1407-1417.

Violdn C, Foguet-Boreu Q, Hermosilla-Pérez E, Valderas JM, Bolibar B,
Fabregas-Escurriola M, Brugulat-Guiteras P, Mufioz-Pérez MA: Comparison
of the information provided by electronic health records data and a
population health survey to estimate prevalence of selected health
conditions and multimorbidity. BMC Public Health 2013, 13:251.
doi:10.1186/1471-2458-13-251.

Papas EB, Schultz BL: Repeatability and comparison of visual analogue
and numerical rating scales in the assessment of visual quality.
Ophthalmic Physiol Opt 1997, 17(6):492-498.

Jefteris M, Collerton J, Taylor J-P, Jagger C, Kingston A, Davies K, Kirkwood T,
Clarke MP: The impact of visual impairment on mini-mental state examination
scores in the Newcastle 85+ study. Age Ageing 2012, 41(4):565-568.

Bertone A, Bettinelli L, Faubert J: The impact of blurred vision on cognitive
assessment. J Clin £xp Neuropsychol 2007, 29(5):467-476.

doi:10.1186/1471-2458-14-815

Cite this article as: Garin et al: Visual impairment and multimorbidity in
a representative sample of the Spanish population. BMC Public Health
2014 14:815.

Methods and results JECI

Page 11 of 11

Submit your next manuscript to BioMed Central
and take full advantage of:

« Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

* Immediate publication on acceptance

® Inclusion in PubMed, CAS, Scopus and Google Scholar

e Research which is freely available for redistribution

Submit your manuscript at
www_biomedcentral.com/submit

( BioMed Central




PN Methods and results



Methods and results

Paper 3

Impact of Multimorbidity on Disability and Quality of
Life in the Spanish Older Population

Noe Garin

Beatriz Olaya

Maria Victoria Moneta
Marta Miret

Antonio Lobo

Jose Luis Ayuso-Mateos
Josep Maria Haro

PL0S One. 2014 Nov 6;9(11):e111498.



Methods and results



Methods and results

OPEN @ ACCESS Freely available online @PLOS | ONE

Impact of Multimorbidity on Disability and Quality of Life
in the Spanish Older Population CrossMark

click for updates

1,2, 2,3 3,4, 3,6

, Maria Victoria Moneta’, Marta Miret®*°, Antonio Lobo?¢,

1,2,3%

Noe Garin'*3, Beatriz Olaya’
Jose Luis Ayuso-Mateos®*7, Josep Maria Haro

1 Research Unit, Parc Sanitari Sant Joan de Déu, Universitat de Barcelona, Sant Boi de Llobregat, Barcelona, Spain, 2 Fundacio Sant Joan de Déu, Esplugues de Llobregat,
Barcelona, Spain, 3 Instituto de Salud Carlos Ill, Centro de Investigacion Biomédica en Red de Salud Mental, CIBERSAM, Madrid, Spain, 4 Department of Psychiatry,
Universidad Auténoma de Madrid, Madrid, Spain, 5 Department of Psychiatry, Hospital Universitario de La Princesa, Instituto de Investigacion Sanitaria Princesa (IP),
Madrid, Spain, 6 Department of Psychiatry, Universidad de Zaragoza and Instituto de Investigacion Sanitaria de Aragén, Zaragoza, Spain, 7 Department of Psychiatry,
Universidad Auténoma de Madrid, Madrid, Spain

Abstract

Background: Population aging is closely related to high prevalence of chronic conditions in developed countries. In this
context, health care policies aim to increase life span cost-effectively while maintaining quality of life and functional ability.
There is still, however, a need for further understanding of how chronic conditions affect these health aspects. The aim of
this paper is to assess the individual and combined impact of chronic physical and mental conditions on quality of life and
disability in Spain, and secondly to show gender trends.

Methods: Cross-sectional data were collected from the COURAGE study. A total of 3,625 participants over 50 years old from
Spain were included. Crude and adjusted multiple linear regressions were conducted to detect associations between
individual chronic conditions and disability, and between chronic conditions and quality of life. Separate models were used
to assess the influence of the number of diseases on the same variables. Additional analogous regressions were performed
for males and females.

Results: All chronic conditions except hypertension were statistically associated with poor results in quality of life and
disability. Depression, anxiety and stroke were found to have the greatest impact on outcomes. The number of chronic
conditions was associated with substantially lower quality of life [B for 4+ diseases: —18.10 (—20.95,—15.25)] and greater
disability [} for 4+ diseases: 27.64 (24.99,30.29]. In general, women suffered from higher rates of multimorbidity and poorer
results in quality of life and disability.

Conclusions: Chronic conditions impact greatly on quality of life and disability in the older Spanish population, especially
when co-occurring diseases are added. Multimorbidity considerations should be a priority in the development of future
health policies focused on quality of life and disability. Further studies would benefit from an expanded selection of
diseases. Policies should also deal with gender idiosyncrasy in certain cases.
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Background the proportion of older people is expected to be double that of
children in developed countries [2]. This demographic trend has
led the European Commission to identify population aging as a
crucial challenge in the 21™ century [3].

Population aging has gradually increased over the last years,
with projections suggesting a two-fold increase in the worldwide
population over 60 years old between 2013 and 2050 [1]. By then,
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The aging process is associated with the onset of chronic
conditions so that two thirds of elderly citizens in Europe suffer
from multimorbidity, defined as the presence of at least two co-
occurring conditions [4,5]. Poor clinical and financial outcomes
have been observed in patients with multimorbidity [6]. Chronic,
non-communicable diseases are the biggest cause of death in high-
income countries; responsible for more than 70% of deaths in
2008 [7]. Costs associated with chronic conditions have been
estimated at 75% of total health expenditure, which is related to a
wide range of health services such as hospitalization, medication,
physician consultation, transportation, rehabilitation or long-term
care [8,9]. Health carc in this context should aim to increase life
span in a cost-cflicient way while maintaining quality of life and
the abilitics required to perform daily-life activities [10].

Disability and quality of hife are health outcomes which reflect
the global health of the individual at various levels [11-14].
Disability is an umbrella term that reflects problems in bodily
function, task performance and participation in life situations [12].
Quality of life is a broad multidimensional concept that includes
both positive and negative aspects of life, and constitutes a major
issue in the elderly [13,14]. When analyzing the impact of chronic
conditions on disability and quality of life, most studies have

focused on the study of a single condition [15]. Lower quality of

life and higher rates of disability have been found in people with
chronic diseases such as arthritis, diabetes or asthma whilst limited
or controversial results have been found for other conditions [16—

21]. In other cases, the effect of chronic conditions on quality of

life or disability has been assessed by using an index condition as a
reference and the effects when considering the combination with
other conditions [22-24]. This implies, for example, assessing how
a specific index disease, such as diabetes, interacts with other
conditions, e.g., diabetes and hypertension, diabetes and asthma.
Comorbidity, or the study of these specific pairs of conditions, was
itroduced by Feinstein and adds very valuable information but
also has its limitations [23]. Using this approach, an additive,
synergistic or subtractive effect of these pair combinations can be
explored. However, by using comorbidity pairs, neither the
majority of all possible combinations nor the cumulative effects
are studied, so that another, more comprehensive approach
including the most relevant combinations is needed.
Multimorbidity is a relatively new concept that considers the co-
occurrence of diseases in individual patients. This concept goes
beyond the comorbidity definition, is not based on a central

disease, and allows the assessment of the cumulative effect of

chronic conditions [5]. Some recent studies have introduced
comprchensive analyses including pairs, organ domains, or
cumulative effects but there is still a need to decpen understanding
of the additive impact of chronic conditions on disability and
quality of life [26-29]. For example, McDaid et al (2013) recently
presented a study assessing the effect of multiple chronic
conditions on disability and quality of life in which the importance
of co-occurring conditions was considered. One of its limitations
was the classification of diseases into 4 groups (cardiovascular
discases, lung diseases, chronic pain, diabetes), so that the real
impact of each condition was not assessed independently. Despite
this limitation, it is one of the few papers assessing the effect of the
number of chronic conditions on disability and quality of life [26].
Griffith et al (2010) also showed interesting results regarding
chronic conditions taking multimorbidity into account. However,
they opted to add pairs or triads of chronic conditions to the model
rather than the number of chronic conditions [29].

Over recent years, the need to provide guidelines that consider
the mmpact of co-occurring chronic conditions has been highlight-
ed [25]. Thus, evaluation of the impact of multiple chronic
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conditions on quality of life and disability is essential as a first step
to guide research and adjust guidelines, especially in Spain, where
very little information is available [30,31]. The importance of
detecting the leading preventable causes of negative health
outcomes, such as disability, is central to facilitating responses at
a public health level. Thus, quantifying the chronic disease burden
is essential [32]. Moreover, variability in methodology in previous
studies underlines the need to provide results using standardized
tools that allow cross-national comparisons in the future.
Furthermore, gender differences are known to exist with respect
to disability, quality of life and chronic discases but very little is
known about the relationship between them [18,33,34]. Finally,
since most of the studies referring to index conditions have been
carried out in a clinical setting, a more comprehensive public
health perspective is needed focusing especially on the elderly, the
age group most frequently affected by multimorbidity.

Understanding the factors that interact with disability and
quality of life is essential to find ways of assessing, preventing and
dealing with these issues at a public health level. This paper aims
to assess the individual, combined and cumulative impact of
chronic physical and mental conditions on quality of life and
disability in a representative sample of older adults in the Spanish
general population. Secondly, the paper aims to provide evidence
on these issues across gender.

Methods

Design

The COURAGE in Europe project is a cross-sectional
houschold survey conducted on a representative sample of the
non-institutionalized adult population in Finland, Poland and
Spain [35]. Data from the Spanish sample is analyzed in the
current paper.

Sample and procedures

A national representative sample of the Spanish adult popula-
tion was selected by a stratified multistage clustered area
probability method. A community-residing population over 18
years old was the target group. Three samples were chosen
according to age: 18-49 years; 50-79 years; =80 years. Subgroups
50+ and 80+ years were oversampled, since these were the main
target of the study. Exclusion criteria consisted of: lack of fluency
m Spanish, house vacant/occupants elsewhere, deccased infor-
mant, individual not accessible [institutionalized/incarcerated/
hospitalized), and the mentally unfit. Eligibility criteria were not
met for 2,649 adults, with “occupants elsewhere/vacant house”
the most common cause (74%). The survey protocol was translated
from English into Spanish following WHO translation guidelines
for assessment instruments [36]. Lay interviewers were trained on
the survey before its administration. Quality assurance strategies
were implemented during ficldwork [37]. The final response rate
was 69.9%, corresponding to 4,583 adults over 18 years old. The
response rate took into account the following issues: completed
interview, partial interview, final refusal, inability to locate
houschold or individual respondent, unsafe or dangerous arca
preventing the access to the interviewee and completed interviews
not approved because of quality control problems. Of these, final
refusal was the main cause of exclusion (80% of the overall
excluded). Face-to-face structured interviews were conducted
through Computer-Assisted  Personal Interviewing (CAPI) at
respondents’ homes between July, 2011 and May, 2012, The
mterviewer judged whether the interviewee had cognitive prob-
lems at the beginning of the interview. This was a subjective

Judgment, which was indicated in case of clear memory problems
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or severe mental disorders. If unsure, the interviewer could ask two
questions to help with the decision: “a) How would you best
deseribe your memory at present? Is it very good, good, moderate,
bad or very bad? b) Compared to 12 months ago, would you say
your memory is now better, the same or worse than it was then?”. At
this stage, respondents who answer “bad” or “very bad” to the
first question and/or “worse™ to the second question were used to
consider the respondent had memory problems. Morcover, all
proxy interviewees were evaluated by a supervisor to confirm this
decision. In this case, a short version of the survey was
administered to a proxy respondent. Data from proxy respondents
was not analyzed because diagnosis of physical conditions and
mental disorders was not performed in the proxy interviews. Thus,
the final analysis consisted of 3,625 participants over 50 years old,
once the 166 proxy respondents and the 792 participants younger
than 50 years old had been removed.

Data collection

Sociodemographic information included gender, age, marital
status, education level, employment status and urbanicity. With
regard to chronic physical conditions, participants were asked
about having received a life-time diagnosis and treatment within
the previous 12 months for angina, arthritis, asthma, chronic
obstructive pulmonary discase (COPD), diabetes, edentulism,
hypertension and stroke. Treatment was assessed with the
following question: “Did you receive medication or other
treatment for this disease during the last 12 months?”. Addition-
ally, validated algorithms based on clinical symptoms were
implemented to detect undiagnosed cases [38]. These algorithms
come originally from the WHO'’s SAGE study and are in line with
current clinical guidelines and reference publications [38-46].
When at least one of the two previous criteria was met, the
respondent was considered to have one of the following conditions:
arthritis, asthma, angina, stroke or chronic lung disease. Current
cataract was assessed through self-reported medical diagnosis with
co-occurring symptoms of cataract (visual problems associated
with light sources and symptoms of blurred vision) to prevent the
inclusion of respondents that had received corrective surgery. The
symptoms were assessed, as in the WHO’s SAGE study
questionnaire, with the following questions: “In the last 12 months
have you experienced any of the following: a)... cloudy or blurry
vision? b)... vision problems with light, such as glare from bright
lights, or halos around lights?” Hypertension, diabetes and
edentulism did not have symptomatic algorithms since they are
mostly asymptomatic conditions. Previous 12-months depression
and anxiety were assessed with an adapted version of the World
Health Organization Composite International Diagnostic Inter-
view (CIDI), according to DSM-IV criteria [47]. For the
assessment of functioning and disability we used the 12-item,
validated version of the World Health Organization Disability
Assessment Schedule 2.0 (WHODAS 2.0) [48]. Results range from
0 (no disability) to 100 (maximum disability). Quality of life was
assessed through a modified version of the World Health
Organization Quality of Life instrument (WHOQOL) called
WHOQOL-AGE that has been specially adapted for the elderly
population. This short-version contains 13 out of 100 questions
from the original version and has been validated in populations

over 50 years old [49]. Results range from 0 (minimum quality of

life) to 100 (maximum quality of life).

Statistical analysis

Unweighted frequencies, weighted proportions, means, confi-
dence intervals and cross tabulations were applied for descriptive
analysis. The Chi-square test was used to measure differences in
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prevalence of chronic diseases, number of conditions and socio-
demographic variables across gender. T-test was used to assess
differences in age, quality of life and disability across gender. T-test
was also applied to evaluate differences in disability and quality of
life for chronic conditions across gender.

To assess which pairs of conditions should be included in the
analysis we took into account all 55 possible combinations from
our 11 conditions. Frequency of disease pairs was computed. For
those combinations with a co-occurrence higher than 1%, we
calculated the multimorbidity coeflicient as follows: real preva-
lence of the combination divided by the expected prevalence
(expected prevalence = prevalence discase A x prevalence discase
B) [50,51]. We then selected the 10 pairs with the highest
coeflicient score, obtaining a list with the most prevalent and
comorbid pairs in our population. The use of the multimorbidity
index to further restrict our selection was made according to recent
evidence in the study of comorbidity and multimorbidity that
highlights the underlying structure (shared risk factors risks and
biological links) present in some of these associations, which have
great interest at several levels (understanding of cthiopathology,
disease prevention, disease management, healthcare costs) [46,52].
We fitted a linear regression model for every combination to test
whether mteractions were present with regard to the dependent
variable: quality of life and disability. Those pairs with p value <
0.2 were considered to interact and were selected for ulterior
analysis.

Adjusted multiple linear regression was used to examine the
association between physical conditions and quality of life in
participants over 50 years old (n = 3,625). The model was adjusted
for age, gender, educational level, marital status, urbanicity, all
chronic conditions and those interactions with <<0.2: asthma with
chronic obstructive lung disease (asthmaxCOPD); cataract with
diabetes (cataractxdiabetes). This model was replicated using the
number of chronic conditions rather than the individual variables
to assess the additive effect in quality of life. Analogous procedures
were applied to assess the association between chronic conditions
and disability, considering the significant interactions for this
outcome: depression with anxiety (depressionxanxicty) and cata-
ract with diabetes (cataractxdiabetes).

Analogously, separate regressions were carried out for males
and females to assess trends according to gender, as shown in the
tables. To clarify the interpretation of these separate regressions by
gender, additional statistical tests were performed: interactions
between each chronic condition variable and gender were
computed. Interactions were found in depression with respect to
quality of life; and i diabetes, co-occurring cataract-diabetes, and
the number of chronic conditions with respect to disability. The
distinet impacts by gender have to be considered when interpret-
ing the results of these diseases across gender.

Although beta-coefficients in the regressions can be considered a
measure of effect size, we also computed the squared eta values
with the aim of clarifying the meaning of our results. Squared cta is
interpreted as the proportion of variance in the outcome explained
by the variance in the independent variable. General recommen-
dations for interpretation of squared eta results for ANOVA and
GLM were followed: 0.01 small; 0.06 medium; 0.14 large.
Depression, arthritis and the number of chronic conditions were
considered to have large effect on outcomes. The other chronic
condition variables produced moderate or small/moderate effect
size values. Gender was considered to have moderate/small size
effect.

The statistical analyses considered the complex nature of the
sample design. Weights were used in analyses to adjust for
differential probabilities of selection within houscholds, and post-
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stratification weights to match the samples to socio-demographic
distributions. Analyses were performed with IBM SPSS statistics
19.

Ethics statement

The COURAGE study was approved by the Ethics Review
Committee at Fundacio Sant Joan de Déu, Barcelona, Spain and
the Ethics Review Committee, La Princesa University Hospital,
Madrid, Spain. Written informed consent was obtained from all
participants. All investigators worked according to the principles
expressed in the Declaration of Helsinki.

Results

Characteristics of participants

The study population consisted of 3,625 participants. A
summary of sociodemographic data, chronic condition prevalence,
disability results and quality of life score can be scen in Table 1.
Prevalence of chronic conditions differs across gender except for
hypertension, diabetes, asthma, stroke, edentulism and two of the
co-occurring combinations assessed: asthma-COPD and cataract-
diabetes. Women had higher rates of arthritis, depression, anxicty,
cataracts and the combination depression-anxiety while men had
higher prevalence of angina and COPD. 67.9% of the sample had
at least one chronic condition. Gender differences were found with
regard to the number of chronic conditions, with women having a
greater number of chronic conditions (#<<0.001). Women also had
poorer results in quality of life and disability than men.

Impact of chronic conditions on quality of life and
disability

A summary of the scores for quality of life and disability are
presented for every condition and for the number of conditions in
Table 2. Depression, anxiety and stroke are the conditions with
the highest impact on quality of life and disability scores.
Hypertension is the condition with the lowest impact on quality
of life and disabitlity of the discases assessed. The number of
chronic conditions is related to worse quality of life and disability.

Impact of single chronic conditions and multiple chronic
conditions on disability are presented in Tables 3 and 4.
Analogous information is given for quality of life in Tables 5
and 6. At a global level, the linear regression showed that,
mdividually, each chronic condition was related to poorer results
in quality of life and higher rates of disability, except for
hypertension, where no statistically significant  difference  was
found (Tables 3 and 5). In the regressions, higher educational level
and being married were also related with better outcomes in
quality of life and disability.

Co-occurring diabetes and cataracts were found to be associated
with higher disability (B: 9.76; 95% CIL: 4.27, 15.25) and lower
quality of life (B: —4.01; 95% CI: —8.06, 0.05) (table 3 and
table 3).

Co-occurring asthma and COPD was associated with positive
quality of life (f: 5.17; 95%CI: 1.50, 8.85). Co-occurring
depression and anxiety showed lower disability but the result
was not statistically significant (f: —6.54; 95CL: —15.96, 2.89).

Suffering from several chronic conditions was associated with
higher disability, with scores in the questionnaire ranging from 3.6
(95% CI: 3.0, 4.1) to 38.2 (95% CI: 35.4, 40.9) when comparing
people with no diseases and people with | and 44 conditions
respectively.

Similar changes were found with regard to the number of
conditions and quality of life, where the score fell from 76.5 (95%
CI: 75.6, 77.4) to 56.2 (95% CIL 53.5, 58.9). The regressions
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showed a strong association between the number of chronic
conditions and both higher disability and worse quality of life
(Table 4 and Table 6).

Gender trends in quality of life and disability

As for diseases considered independently, women had poorer
results in disability scores compared with men with the same
conditions, except for asthma, depression and anxiety where no
difference was found (Table 2). Similar results were found in
quality of life although, in this case, stroke also showed no
difference across gender (Table 2). At an additive level, women
also had worse outcomes when considering a specific number of
chronic conditions, although having 4+ chronic conditions was
related to similar outcomes.

With regard to the regressions results, anxiety and angina were
only related to worse quality of life in women, while asthma and
edentulism were associated with worse results only in men
(table 5). For disability, separate regressions for men and women
also showed particular trends. Anxiety, cataract and diabetes were
only associated with poorer results for women while asthma was
associated with poorer results only in men (table 3). An increasing
positive association between the number of conditions and poor
results in disability and quality of life was found for both sexes
(table 4, table 6). Being single resulted in poorer results in quality
of life compared with being married only in men (table 5).

Discussion

This study has shown that there is a strong association between
chronic conditions and poor results in disability and quality of life,
both at individual and additive level. Our study also showed
relevant trends according to gender in this association.

Individual associations

The most remarkable result is that mental disorders (depression
and anxiety) have a higher impact on quality of life and disability
than most chronic physical conditions. Some studies have
suggested an intimate association between mental disorders and
changes in quality of life and disability in the elderly but they tend
to focus specifically on mental conditions or combinations of
mental disorders so that individual qualitative or quantitative
comparisons between different mental and physical chronic
discases are not available [27,28,53-55]. Moreover, a high
proportion of studies to date did not include mental disorders
when analyzing chronic conditions [15,26,29,56]. There are few
studies available which include mental and physical conditions,
which show mixed results, so our results highlight the importance
of mental health in the elderly at this level [10,57-59]. Stroke is
the physical condition with the highest impact on quality of life,
followed by COPD, arthritis and angina. These conditions share
some similarities such as physical limitations or disabling
symptoms (pain, shortness of breath, cte.), having been previously
associated with poor health outcomes [26,60-65]. Asymptomatic
conditions such as diabetes or edentulism resulted in a lower
impact on quality of life. In this regard, our results complement the
results of previous studies that found a mixed effect of diabetes on
quality of life and disability but, in this study, we provide the
additional context of other chronic conditions [31,34,56,59,66
68]. Hypertension turned out not to be associated with worse
outcomes while earlier studies have shown mixed results
[15,19,34,56,69-71]. When interpreting our results, it has to be
considered that the hypertension diagnosis was reported by the
respondents, so that a great proportion may have been receiving
medical care at the time of the interview. It has been shown that
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Table 1. Description of the sample of the Spanish Cohort of the COURAGE study.
TOTAL MALE FEMALE p value

Sample (n; %) 3625 (100%) 1643 (46.2%) 1982 (53.8%) -
Age (mean, SE) 66.45 (0.18) 65.77 (0.27) 67.05 (0.24) 0.001
Education (n; %) <0.001

no education 1207 (32.6%) 499 (29.7%) 708 (35.0%)

primary 1075 (31.2%) 477 (30.2%) 598 (32.2%)

secondary 949 (25.5%) 449 (27.2%) 500 (24%)

university 393 (10.7%) 218 (12.9%) 175 (8.8%)
Household income (n; %) <0.001

1% quintil 686 (22.0%) 304 (20.8%) 382 (23.1%)

2" quintil 694 (21.7%) 254 (17.7%) 440 (28.2%)

3 quintil 715 (21.6%) 311 (20.9%) 404 (25.6%)

4t quintil 745 (21.7%) 376 (25.0%) 369 (18.8%)

5t quintil 428 (13.0%) 229 (15.6%) 199 (10.7%)
Marital Status (n; %) <0.001

single 310 (8.5%) 148 (9.0%) 162 (8.0%)

married 2258 (62.1%) 1262 (77.5%) 996 (48.9%)

divorced 266 (6.9%) 101 (5.4%) 165 (8.2%)

widow 791 (22.5%) 132 (8.1%) 659 (34.9%)
Urbanicity (n; %) 0.649

urban 3138 (83.8%) 1421 (84.3%) 1717 (83.4%)

rural 487 (16.2%) 222 (15.7%) 265 (16.6%)
Work (n; %) <0.001

retired 1385 (41.3%) 884 (58.2%) 501 (26.9%)

other 1269 (35.7%) 241 (14.9%) 1028 (53.5%)

working 817 (23.0%) 435 (26.9%) 382 (19.6%)
Qol score (mean, SE) 71.02 (0.36) 73.35 (0.39) 69.02 (0.46) <0.001
Disability score (mean, SE) 13.18 (0.52) 9.30 (0.50) 16.51 (0.74) <0.001
Hypertension (n; %) 1331 (37.3%) 568 (35.6%) 763 (38.9%) 0.051
Diabetes (n; %) 514 (14.0%) 255 (15.1%) 259 (13.1%) 0.078
Angina (n; %) 236 (6.6%) 128 (7.8%) 108 (5.7%) 0.047
Asthma (n; %) 231 (6.3%) 90 (5.4%) 141 (7.1%) 0.064
Arthritis (n; %) 982 (26.8%) 266 (15.8%) 716 (36.3%) <0.001
COPD (n; %) 233 (6.7%) 124 (8.3%) 109 (5.4%) 0.002
Stroke (n; %) 132 (4.6%) 62 (5.0%) 70 (4.3%) 0.428
Depression (n; %) 434 (12.1%) 117 (6.7%) 317 (16.7%) <0.001
Anxiety (n; %) 55 (1.4%) 13 (0.6%) 42 (2.0%) <0.001
Cataracts (n; %) 215 (6.0%) 62 (4.6%) 153 (7.2%) <0.001
Edentulism (n; %) 677 (18.8%) 295 (17.3%) 382 (20.2%) 0.052
Asthma_COPD (n; %) 103 (2.9%) 55 (3.3%) 48 (2.5%) 0.205
Depression_anxiety (n; %) 42 (1.1%) 9 (0.4%) 33 (1.6%) <0.001
Caratact_diabetes (n; %) 65 (1.7%) 21 (1.3%) 44 (2.0%) 0.060
Num chronic conditions (n; %) <0.001

0 1173 (32.1%) 594 (36.4%) 579 (28.3%)

1 1074 (29.6%) 531 (31.3%) 543 (28.2%)

2 688 (18.5%) 275 (16.3%) 413 (20.4%)
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TOTAL MALE FEMALE p value
3 372 (10.7%) 133 (9.1%) 239 (12.1%)
4+ 318 (9.1%) 110 (6.8%) 208 (11.0%)

doi:10.1371/journal.pone.0111498.t001

symptoms are responsible for the greatest impact on quality of life
in patients with hypertension so that patient monitoring and
treatment would minimize the few symptoms present in the
participants with hypertension [72]. Efforts to improve quality of
life and disability should focus on prioritizing mental disorders and
physical symptomatic conditions.

Pair combinations

With regard to co-occurring pairs of conditions, suffering from
diabetes and cataracts resulted in a synergic effect on disability and
quality of life. These results must be treated with caution.
Prevalence of cataracts is known to be strongly related to the
duration of diabetes and parameters reflecting poor diabetes
management, such as high levels of HbAlc, fasting blood sugar or
macroalbuminuria [73,74]. This poor control of diabetes, which
could also be related to other metabolic syndrome complications,
would lead the individual to a poorer health status and higher
degree of disability compared with the expected addition of the
mdividual effects of diabetes and cataracts.

Co-occurrence of asthma and COPD resulted in contrary
directionality of the results compared with the individual effect of
the diseases on quality of life. It does not alter the individual
negative effect of asthma and COPD on quality of life but suggests
a ceiling effect when having them simultancously. Both asthma
and COPD are highly prevalent conditions in the elderly and this
has been defined as the asthma-COPD overlap syndrome, which
describes a frequency of overlapping diagnoses over 50% n
COPD patients aged over 80 years [75]. As the name suggests, this
situation involves features of both conditions and has recently been
related to poorer quality of life than that found in asthma cases
and similar to that of COPD [76]. In our case, 43% of the
participants diagnosed with COPD also suflered from asthma,
which supports the results seen in clinical settings. Some clinical
outcomes, which may differ from the individual conditions, could
be related to these results. For example, Fu et al. (2013) found, in a
longitudinal study, that patients with asthma-COPD overlap had a
better prognosis than COPD or asthma patients, although other
studies have showed more severe exacerbations when these
conditions co-occur [77,78]. Further research is needed to describe
the asthma-COPD overlap and its impact on quality of life.

Co-occurring depression and anxiety resulted in lower eflects on
disability than theoretically expected although these results were
not statistically significant. Further study is needed to clarify the
combined impact of mental disorders in quality of life and
disability due to the close relationship between these disorders.

Additive impact of chronic conditions

At an additive level, there is a sharp and continuous decrease in
quality of life when suffering from more chronic conditions, with
Beta ranging from —3.26 (95% CI: —4.66, —1.93) in the group of
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Unweighted frequencies, and weighted means and proportions are displayed. Chi-square test for 2xN tables and T-test were performed to compare across gender.
NOTE: Household income was divided into 5 quintiles (the first indicating the lowest income). Education category ‘no education’ included those people that had never
been to school or did not finish primary school. Marital status ‘married’ category included currently married or cohabiting. Employment ‘other’ category included
training, homemakers, unemployed, voluntary work, health problems, caring for family, sick leave, no need to work, temporary time off and voluntary work. Anxiety
included Generalized Anxiety Disorder and Panic Disorder. Abbreviations: SE, standard error.

respondents with one chronic disease to —18.10 (95% CI: —20.95,
—15.25) in the group with four and more conditions, which
underlines the relevance of multimorbidity in this outcome.
Similar results are found when assessing the association between
multimorbidity and disability with Beta results ranging from 3.57
(95% CI: 2.56, 4.56) in respondents with one condition up to
27.64 (95% CI: 24.99, 30.29) in patients with four and more
conditions. These results expand and complement the evidence
since most studies have focused on the impact of individual
conditions, specific pairs of conditions or organ domain classifi-
cations. [10,15,22,28,29,34,53,55,57,69,70,79,80]. Our results
support the descriptive analysis made by Lawson et al. (2013) in
which participants reporting longstanding conditions presented
reductions in preference-weighted health-related quality of life.
Their results, however, are not completely comparable since they
counted up to three chronic discases, considered different
conditions and the count itself only allowed one condition for
every organ-based classification group [81]. Brettschneider et al.
(2013) and Heyworth et al. (2009) found that overall quality of life
and its dimensions, measured with the EQ-5D, decreased with an
increasing number of chronic diseases [59,62). However, the study
by Brettschneider et al. (2013) considered multimorbidity as a
continuous variable without assessing the impact of the specific
disease count, while Heyworth et al. (2009) only took six
conditions mto account, excluding mental health, so that results
are complementary rather than comparable. On the other hand,
Tan et al. (2013) also found poorer results in quality of life with a
higher number of chronic conditions. However, there seemed to
be a ceiling effect between two and three chronic conditions while,
in our results, the group with four or more conditions shows a
noticeably lower quality of life compared with respondents with
three chronic conditions [71]. Our results in quality of life should
help to target multimorbidity patients as population subgroups in
which clinical, community and patient-centered care should be
prioritized to cnsurc the best possible quality of life [83]. With
regard to disability, little effort has previously been made in
considering the additive effect of chronic conditions, as stated
above. Our results suggest that multimorbidity patients require
special attention due to the association between the number of
chronic conditions and disability rates. Since disability per se
predicts future disability status and is related to poor health
outcomes, it is important to identify high-risk groups to develop
preventive, curative or palliative strategics [34]. For example,
patients at risk can benefit from interventions, such as resistance
strength training or preventive home visitation programs [84].

Gender trends

It is known that systematic gender-dependent errors can be
made when analyzing the results of a study due to androcentrism
or gender insensitivity [85]. Previous research on these topics has
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highlighted the specific need to address disparitics and differences
in risk and interventions across gender groups of people with
chronic conditions [83]. Studies tend to consider gender when
adjusting the regression models but only some of them provide
descriptive results or separate analyses by gender, which in turn

are usually focused on specific conditions [10,29,33,63,68,86-88].

Table 4. Impact of multiple chronic conditions on disability.

Table 3. Impact of chronic conditions on disability.
Disability global Disability male Disability female
B (95% CI) p value B (95% ClI) p value B (95% Cl) p value

Intercept —11.75 (—17.76,—5.74) <0.001 —5.18 (—11.34,0.97) 0.098 —14.68 (—22.30,—7.05) <0.001
Sex (ref. male) 292 (1.72,4.12) <0.001 - -
Age (per each additional year) 0.32 (0.24,041) <0.001 0.22 (0.12,031) <0.001 0.42 (0.31,0.53) <0.001
Marital status (ref: married)

divorced/separated —0.55 (—2.70,1.59) 0.609 1.46 (—0.82,3.76) 0.207 —1.50 (—4.23,2.23) 0.28

widow 2.15 (0.60,3.70) 0.007 1.66 (—0.94,4.26) 0.208 1.36 (—0.69,3.41) 0.192

single 0.61 (—1.11,2.33) 0.486 —0.13 (—1.91,1.65) 0.886 0.83 (—2.14,3.81) 0.582
Education level (ref: no studies)

primary 3.89 (—5.46/—2.320) <0.001 3.85 (—5.64,—2.06) <0.001 3.81 (—6.24,—1.38) 0.002

secondary —4.62 (—6.23,—3.02) <0.001 —5.15 (—7.05,—3.25) <0.001 —4.09 (—6.17,—2.00) <0.001

university —5.80 (—7.99,—3.62) <0.001 —4.92 (—6.69,—3.16) <0.001 —6.78 (—10.16,—3.40) <0.001
Urbanicity (ref: rural) =317 (=507=1.27) 0.001 —2.61 (—5.04,—0.19) 0.034 —3.58 (—6.13,—1.03) 0.006
Chronic conditions

depression 15.70 (13.62,17.77) <0.001 16.14 (12.10,20.17) <0.001 15.60 (13.14,18.06) <0.001

anxiety 11.17 (2.49,19.86) 0.012 11.40 (—11.52,34.32) 0327 11.94 (1.32,22.56) 0.028

angina 6.87 (4.52,9.22) <0001  6.01 (3.31,8.71) 0.034 7.62 (3.55,11.70) <0.001

asthma 2.34 (0.28,4.40) 0.03 4.00 (0.17,7.83) 0.041 1.42 (—1.35,4.20) 0311

COPD 8.63 (6.21,11.05) <0001 9.2 (5.44,12.80) <0001 832 (4.84,11.80) <0.001

cataract 3.28 (0.37,6.19) 0.027 0.08 (—4.82,4.97) 0.975 4.60 (1.01,8.18) 0.012

arthritis 7.50 (5.95,9.06) <0.001 7.41 (4.92,9.90) <0.001  7.38 (5.42,9.34) <0.001

diabetes 2.32 (0.56,4.08) 0.010 0.79 (—0.95,2.53) 0373 4.25 (1.57,6.94) 0.002

hypertension 0.14 (—0.97,1.25) 0.802 —0.37 (—1.60,0.86) 0.554 0.170 (—1.65,1.99) 0.854

edentulism 2.93 (1.19,4.68) 0.001 3.08 (1.00,5.16) 0.004 2.79 (0.03,5.54) 0.048

stroke 12.15 (8.08,16.22) <0.001 15.90 (9.66,22.14) <0.001  9.17 (4.13,14.21) <0.001
Interactions

depression-anxiety —6.54 (—15.96,2.89) 0172 —2.59 (—28.70,23.52) 0.845 —8.04 (—19.52,3.43) 0.168

caratact-diabetes 9.76 (4.27,15.25) 0.001 15.41 (5.99,24.84) 0.002 6.28 (—0.59,13.15) 0.073
Linear regression model for the global sample was adjusted for sex, age, marital status, education level, urbanicity, individual chronic conditions and interactions.
Analogous linear regressions were performed for male and female, adjusted by the same variables but sex. Results with 95% Confidence interval.
doi:10.1371/journal.pone.0111498.t003

Conscquently, our results covered the global sample as well as
those for males and females.

Our results have shown that women had higher risk of disability
than men after adjusting for covariates (f: 2.92; 95% CI: 1.72,
4.12) although the clinical relevance of this result is unclear since
there are no clinical cut-offs for these types of screening tools

Number of chronic conditions (ref: not having a
Disability global

Disability male Disability female

condition)

B (95% Cl) p value B (95% CI) p value B (95% CI) p value
1 3.57 (2.56,4.56) <0.001 2.80 (1.66,4.85) <0.001 440 (2.67,6.13) <0.001
2 8.59 (6.92,10.27) <0.001 7.32 (5.14,9.49) <0.001 9.90 (7.54,12.26) <0.001
3 14.61 (12.54,16.69) <0.001 13.40 (10.06,16.74) <0.001 15.59 (12.69,18.48) <0.001
a4+ 27.64 (24.99,30.29) <0.001 27.11 (2.38,22.40) <0.001 28.23 (24.82,31.63) <0.001

doi:10.1371/journal.pone.0111498.t004
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Linear regression model for the global sample was adjusted for sex, age, marital status, education level, urbanicity and number of chronic conditions. Analogous linear
regressions were performed for male and female, adjusted by the same variables but sex. Results with 95% Confidence interval.
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Table 5. Impact of chronic conditions on quality of life.
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Qol global QoL male QoL female
B (95% CI) p value B (95% CI) p value B (95% ClI) p value

Intercept 72.80 (69.41,76.19) <0.001 72.89 (67.89,77.88) <0.001 73,79 (68.65,78.93) <0.001
Sex (ref. male) —0.91 (—1.81,—-0.01) 0.048 - - - -
Age (per each additional year) 0.04 (—0.02,0.09) 0.166 0.05 (—0.02,0.11) 0.197 0.01 (—0.08,0.07) 0918
Marital status (ref: married)

divorced,separated —6.63 (—8.48,—4.77) <0.001 —8.82 (—11.98,-5.67) <0.001 —5.07 (—7.37,—2.76) <0.001

widow —2.73 (—4.05,—1.42) <0.001 —3.39 (—5.62,—1.15) 0.003 —1.71 (—3.30,—0.12) 0.035

single —3.47 (—543,-1.52) 0.001 —5.55 (—8.15,—2.95) <0.001 —0.83 (—3.70,2.03) 0.566
Education level (ref: no studies)

primary 2.76 (1.40,4.12) <.0.001 2.43 (0.55,4.30) 0.011 2.93 (1.16,4.70) 0.001

secondary 5.08 (3.32,6.82) <0.001 4.48 (2.44,6.52) <0.001 5.36 (3.01,7.72) <0.001

university 7.75 (6.02,9.47) <0.001 6.51 (4.27,8.75) <0.001 8.34 (5.87,10.85) <0.001
Urbanicity (ref: rural) —0.96 (—2.70,0.79) 0.279 —0.78 (—2.77,1.22) 0.443 —1.49 (—3.65,0.673) 0.176
Chronic conditions

depression —14.00 (—15.85,—12.14) <0.001 —17.00 (—19.98,—14.03) <0.001 —12.79 (—15.15,—10.44) <0.001

anxiety —7.82 (—11.57,-4.08) <0.001 —3.60 (—9.40,—2.19) 0.221 —9.29 (—13.77,—4.80) <0.001

angina —3.45 (—5.20,—1.69) <0.001 —2.30 (—4.71,0.10) 0.060 —4.67 (—7.55,—1.78) 0.002

asthma —3.40 (—5.49,-1.32) 0.002 —4.66 (—7.05,—2.26) <0.001 —2.57 (—5.40,0.26) 0.075

COPD —6.19 (—8.39,—4.00) <0.001 =533N=8:61=2.05] 0.002 —7.00 (—10.51,—3.49) <0.001

cataract —2.49 (—4.61,-037) 0.022 —2.58 (—5.56,0.40) 0.089 —2.35 (—5.08,0.38) 0.091

arthritis —3.52 (—4.65,—2.38) <0.001 —3.52 (—5.31,—1.73) <0.001 —3.45 (—4.83,—2.07) <0.001

diabetes —1.49 (—2.87,-0.11) 0.035 —1.60 (—3.29,0.10) 0.065 —1.21 (—3.24,0.82) 0.241

hypertension 0.38 (—0.50,1.26) 0.397 0.538 (—0.69,1.77) 0.389 0.45 (—0.88,1.77) 0.505

edentulism 1.63 (—3.01,-0.26) 0.020 2-21 (—3.85,-0.58) 0.008 1.08 (—3.23,1.07) 0.322

stroke —8.16 (—11.77,—4.55) <0.001 ~7.93 (—11.47,-4.38) <0.001 —8.88 (—15.34,~2.42) 0.007
Interactions

asthma-COPD 5.17 (1.50,8.85) 0.006 5.44 (0.41,10.48) 0.034 5.80 (—0.74,12.33) 0.082

caratact-diabetes —4.01 (—8.06,0.05) 0.053 —4.64 (—13.10,3.83) 0.281 —3.87 (—8.71,0.97) 0.116

(effect size resulted in moderate-small values). This result is
comparable with the effect of diseases, such as diabetes (B: 2.32;
95% CI: 0.56, 4.08), but very low compared with depression (f:
15.70; 95% CI: 13.62, —17.77) or stroke (B: 12.15; 95% CI: 8.08,

—16.22). Analogous results were found for quality of life.

Linear regression model for the global sample was adjusted for sex, age, marital status, education level, urbanicity, individual chronic conditions and interactions.
Analogous linear regressions were performed for male and female, adjusted by the same variables but sex. Results with 95% Confidence interval.
doi:10.1371/journal.pone.0111498.t005

Our results show higher disability and lower quality of life
average scores in women than in men for most chronic conditions
(e.g. women with angina had considerably higher scores for
disability and lower for quality of life compared with men). These
results reinforce the general idea that greater attention should be
paid to women to prevent and manage poor outcomes in disability

Table 6. Impact of multiple chronic conditions on quality of life.

Number of chronic conditions (ref: not having a

condition) QoL global QoL male QoL female

B (95% CI) p value B (95% Cl) p value B (95% ClI) p value
1 —3.29 (—4.66,—-1.93) <0.001 —1.98 (—3.37,-0.60) 0.005 —4.68 (—6.73,-2.62) <20.001
2 —5.15 (—6.62,—3.69) <0.001 —3.89 (—5.74,-2.04) <0001 -6.15(-8.15-4.14) <0.001
3 —1067 (—12.34,-9.00) <0.001 —11.01(—13.42,—860) <0001 —10.70(—12.93,—848) <0.001
44 —18.10 (—20.95,—15.25) <0.001 —16.85(—19.93,—13.77) <0.001 —19.04 (—23.19,-14.88) <0.001

PLOS ONE | www.plosone.org

Linear regression model for the global sample was adjusted for sex, age, marital status, education level, urbanicity and number of chrenic conditions. Analegous linear
regressions were performed for male and female, adjusted by the same variables but sex. NOTE: QoL = quality of life. Results with 95% Confidence interval.
doi:10.1371/journal.pone.0111498.t006

November 2014 | Volume 9 | Issue 11 | 111498



Methods and results

and quality of life. Additionally, it specifically clarifies this topic
with regard to chronic conditions [68,89-91]. However, similar
quality of life and disability scores were found in both sexes for
depression, anxiety, asthma and stroke (only for quality of life in
stroke). When comparing the global scores across gender, a greater
impact is seen in women but this difference disappears with respect
to quality of life when three or more conditions are present. The
impact of the increasing number of chronic conditions would
appear to be similar across gender when people reach a certain
level of multimorbidity.

When assessing the regression models for males and females,
most conditions showed similar behavior as the reported in the
regression including all participants. For some conditions,
however, this association disappeared In men or women. Anxiety
and angina were statistically related to poorer results in women
only, while asthma and edentulism were related to poorer results
solely in men. Since anxiety prevalence in men was relatively low,
we think this result may be biased by the power of the study.
Analogously, anxicty, cataracts and diabetes were associated with
higher rates of disability solely in women while asthma was found to
be related to higher disability in men. With regard to the number of
chronic conditions, a greater impact on quality of life and disability
was found in both genders. These results suggest that the effect of
conditions in ecach gender group may differ and should be
considered in future studies. With regard to asthma, for example,
the management of the disease in men should focus particularly on
preventing loss of quality of life and physical functioning.

Strengths and limitations

Our study’s main strength is that results are extrapolated to the
cntire Spanish older adult population. In the future, comparison
will be possible with other countries included in the COURAGE
and SAGE studies. It is also remarkable that the selection of
chronic discases, including depression and anxiety, were mainly
omitted n previous studies despite having been related to poor
health outcomes at an individual level. Diagnosis by means of both
sclf-report plus symptom algorithms also allows a more complete
picture of the participants to emerge compared with other studies.
There are, however, limitations in our study. Its cross-sectional
nature identifies associations but does not allow conclusions on
cause-and-effect relationships to be drawn. Moreover, age effects
may not be distinguished from cohort effects. Longitudinal studies
are needed to better establish the association between muld-
morbidity, quality of life and disability, thus reducing this bias.
Multimorbidity studies would benefit from a standardized
definition and discase inclusion criteria [30]. For example, the
exhaustive “Expanded Diagnosis Clusters of the ACG” system
have been used in some studies, although it becomes complex to
employ outside the clinical setting and in the case of poor
integration of health care levels [92]. The choice of chronic
conditions is also relevant since it is known that a higher number
of assessed conditions results in a higher proportion of multi-
morbidity [5]. Our selection of chronic conditions was made
according to the SAGE study, focusing on a limited number of
highly prevalent conditions that arc a major cause of disability,
through a method that can be applied across countries. There is,
however, a need to include diagnoses of other common conditions
known to have a considerable impact on quality of life, disability
and health care resources, in future studies. Research on
multimorbidity, as highlighted by the recent review by Prados-
Torres et et al. (2012), may include diseases such as malignancies,
congestive heart failure or anemia [92].Moreover, when assessing
specific pairs, we chose those highly prevalent pairs of conditions
with a high degree of interaction shown in the multimorbidity

PLOS ONE | www.plosone.org
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index. However, further studies including other combinations arc
required to deepen knowledge of less common co-occurring
conditions. The self-reported data-collection method could also
bias the results, but this effect may be minimized as a good
correlation between medical records and self-reported diagnosis
has been found [93,94]. Our analysis docs not allow consideration
of the progression and scverity of conditions, which would be
advisable in future studies. For example, severe COPD cases or
poor glycemic control in diabetes may be related to poorer health
outcomes [95]. There is a possibility that some respondents who
did not take the medication prescribed by their doctors answered
that they were not receiving treatment and were incorrectly
classified as “not suffering from a specific disease”. This limitation
is minimized since the question was quite open “did you received
treatment”, rather than asking whether they were “taking the
medication” and also due to the inclusion of the symptoms
algorithm in most conditions. With regard to the analyses including
the number of chronic conditions, further study is needed to clarify
if greater contribution to the results is due to some conditions rather
than others. We considered theoretical similar impact in our
analyses to be consistent with the previous literature on that regard.
Another limitation when analyzing the results is the geopolitical
context. Specific results for an individual condition may vary
according to external factors that should be analyzed if detected
[96,97]. Although financial crises may impact some results, such as
the prevalence of mental disorders, recent evidence suggests that
health in Spain has continued to improve during the first four years
of the current economic recession, so it scems this bias would be
reduced [98,99]. Finally, separate results for women and men
(average scores and regression models) obtained in our article have
shed some light on gender issues but further efforts focusing on
differences across gender would be needed in future studies.

Conclusion

The results of this study contribute to a deeper understanding of
the effect of chronic conditions on quality of life and disability. In
Spain, multimorbidity is a prevalent phenomenon among elderly
people in the community that increasingly affects both disability
and quality of life as more co-occurring conditions accumulate.
Multimorbidity patients should be considered as targets for
clinical, community and patient-centered care based on preven-
tive, curative or palliative strategies. Our results are especially
relevant sinee little effort has been previously made to consider the
additive effect of common chronic conditions on quality of life and
disability. At an individual level, efforts to improve quality of life
and disability should prioritize prevention and management of
mental disorders and physical symptomatic conditions since they
arc associated with poorer outcomes than mainly asymptomatic
conditions such as hypertension. Our results also highlight the need
to include mental disorders, selected in very few previous studies,
when analyzing multimorbidity because of their great impact on the
results. Finally, there is need to consider gender as an important
factor when assessing multimorbidity and designing interventions
for multimorbidity patients since specific trends arise in some
outcomes with women showing worse health results in most cases.
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4.1. Multimorbidity patterns

4.1.1. Multimorbidity prevalence in Spain

Multimorbidity, defined as the co-occurrence of 2 or more chronic conditions, was present in
20% of the overall Spanish adult population. These results are consistent with other similar
studies ranging from 20 to 30% in the general adult population [57,152,153]. Although most
of the evidence available to date has tended to present data on very old subjects, our results
highlight the importance of chronic conditions in relatively younger subgroups of adults,
especially between 50-64 years old. For instance, more than a quarter of women between 50-
64 years old suffered from multimorbidity. Future studies using a broader framework or
focusing on middle-aged adults could lead to a deeper understanding of the course of
chronic conditions and may lead to measures to prevent or better manage older

multimorbidity patients.

Multimorbidity is known to increase with age. In Spain, we found that multimorbidity
prevalence reached 67.3% and 52.9% in women and men over 65 years, respectively. These
epidemic results are comparable to others found in recent publications [31,154]. An
association with gender was also found, with women suffering from more physical, mental
and overall conditions than men. These results are consistent with most multimorbidity
studies, as shown in the review by Marengoni et al [31]. When examined individually,
depression, cataracts and arthritis showed statistically significant differences across gender,
with women suffering from higher rates (NOTE: “depression” refers to “last-12 month major
depression”). These results show that special attention should be paid to the management of
elderly women in health care as they are more prone to developing multimorbidity. This
effect should be given special consideration as the impact on quality of life in women may be

more severe than in men [155].

The assessment of individual prevalence of chronic physical conditions showed that
hypertension, arthritis and cataracts were the most prevalent physical conditions in older
adults, affecting over 40% in the 65+ subgroup. These results are similar to those found by
the Spanish National Health Survey, where arthritis, hypertension and cataracts were the
first, second and fifth most prevalent conditions [20]. In the case of cataracts, as they can be
operated on, life-time prevalence would be higher and more similar to our result. The high
prevalence of cardiovascular-related conditions should be highlighted as they are the second
cause of premature mortality in Spain after cancer [156]. Edentulism was present in 24.9% of

men and 31% of women over 65 years. This value is relevant because edentulism is not only
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related to poorer quality of life but is also an indicator of the adequacy of the national oral
health care system [157,158]. Our results support the importance given to the prevention and
management of edentulism in a recent review by Emami et al as it can potentially lead to
psychological, physical and social disability [159]. Chronic lung disease and asthma also
showed significant increases across age. There is controversy regarding the prevalence of
asthma in the elderly. It is assumed that asthma prevalence may decrease with age but some
studies suggest underdiagnosis due to diagnostic difficulties [160,161]. However, our results
are consistent with the last Spanish National Health Survey that showed the highest
prevalence of asthma in the population over 85 years [20]. In fact, an “asthma-COPD overlap
syndrome” has been defined in the elderly and patients with this syndrome may have
components of both diseases [162]. Caution is advised when interpreting this outcome, since
the overlapping symptoms between late onset asthma and chronic obstructive pulmonary
disease could be present in our results. Since most of the physical conditions assessed in our
study can be partially prevented (e.g., diabetes, chronic lung disease, angina), further efforts
must be made in Spain to develop appropriate national health policies. Once established,
tight control of some of these conditions is associated with better health outcomes, as are the
case of glycemia control and the decrease of diabetes-associated complications. Thus, it is
essential to optimize their management, which is especially important due to the high

prevalence of conditions such as diabetes or hypertension.

Interesting results arise when comparing the prevalence of mental conditions across age and
gender. No difference was found in the prevalence of anxiety when comparing age groups or
gender groups despite the fact that women and the younger population were supposed to
suffer from higher rates according to previous studies [163] (NOTE: “anxiety” includes
generalized anxiety disorder and panic disorder). However, the prevalence of depression did
show differences across age groups. The subgroups with the highest prevalence of depression
were women aged 65+ (18%) and women 50-64 years (15.7%). Differences were also found
across gender, with men suffering from lower rates of depression. For example, men over 65
and men aged 18-49 years only had 5.2% and 5.1% of major depression diagnosis respectively,
which corroborates similar trends found in previous studies [164-166]. There is controversy
surrounding the prevalence of mental disorders in the elderly. The ESEMeD study found a
decrease in the prevalence of 12-month anxiety and mood disorders across age [163]. The
sub-analysis in the Spanish sample showed similar results [167]. In the study, prevalence of
any mental disorder in the last 12 months was lower than in our case; 9.8% in the 50-64 years

group and 5.8% in the 65+ group. By contrast, some studies have shown a much higher
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prevalence [168,169]. Differences among studies may be due to various factors. First, it has
been pointed out that the elderly have to cope with cognitive decline, sensory impairment,
fewer social relationships, cessation of activity and change of status, which could be related
to variations in the incidence of mental disorders [170]. Second, there may be a large
subgroup of patients with late-onset depression, present in patients with neurological
abnormalities [166]. Moreover, economic recession is also a factor related to the current
higher prevalence of mental disorders in Spain [171]. On the other hand, differences in
prevalence may be partially explained by the diagnosis scheme selected in each study.
Diagnostic interviews involving excessive cognitive requirements, and attribution of
symptoms to physical illnesses, may affect the results in most studies leading to a lower
prevalence of depression in the elderly [172]. New tools, such a specific version of the CIDI
questionnaire for the population over 65, are currently being prepared to address this
problem [173].

4.1.2. Multimorbidity patterns in the Spanish population

The results of our analysis revealed three multimorbidity patterns in the Spanish population
aged 50 years and over, which is an especially relevant result considering the high rates of
multimorbidity found in this population group. These patterns were: 1) “cardio-respiratory”;
2) “mental-arthritis”; and 3) “aggregate pattern”. Additionally, some associations between
chronic physical conditions and mental disorders were detected. These associations, both at
an individual and cumulative level, are also notable as they could lead to better

understanding and management of these conditions.

The first multimorbidity pattern, “cardio-respiratory”, included angina, chronic lung disease
and asthma. Prados-Torres et al in Spain and Newcomer et al in United States also found
patterns which included pulmonary and cardiac conditions [37,174]. However, in those cases
the patterns were more complex and included a wide range of other diseases, being classified
as “cardiovascular/metabolic” or “mental health” patterns respectively, according to the
review by Prados-Torres et al [47]. The association between pulmonary and cardiac diseases
has been highlighted in a systematic review by Mdullerova et al, where an increased risk of
cardiovascular disease was found in COPD patients [175]. In fact, the presence of obstruction,
restriction and respiratory symptoms have been found to be related to a higher risk of
cardiovascular disease, even after adjusting for other conditions [176]. For instance, it has
been found that Forced Expiratory Volume in 1 second (FEV1) is a predictor of
cardiovascular risk after adjusting for other cardiovascular risk factors such as age, gender,

tobacco consumption, education or cholesterol [177]. Smoking is also a common risk factor
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in these diseases. Moreover, the association between cardiovascular and chronic pulmonary
diseases may involve hypoxia, inflammation, oxidative stress or aging [176,177].
Atherosclerosis is closely connected to lipid metabolism but also to inflammation in all

stages of the disease, with the involvement of leukocytes, macrophages and inflammatory

mediators such as tumor necrosis factor or y-interferon [178]. In COPD there is a pro-

inflammatory systemic state which may exacerbate the atherosclerotic process and its
consequent negative cardiovascular effects. Some authors have studied the cardiovascular
effects of inhaled corticoids for COPD patients and have found mixed results, indicating that
more evidence is needed [179-181]. With regard to healthcare utilization, the Lung Health
Study found that 42% of hospitalizations of COPD patients were due to cardiovascular causes
[177]. The study also reported that only 14% of the hospitalizations were due to respiratory
causes. At the diagnostic level, the common symptoms shared by the conditions in this
pattern should be highlighted. Shortness of breath or chest pain may overlap when suffering
from these conditions simultaneously, which may also be relevant to the management of

patients affected by these conditions.

The second multimorbidity pattern, “mental-arthritis”, includes depression, anxiety and
arthritis. There has been growing interest and concern regarding the high rates of psychiatric
comorbidity over recent years. Kessler et al found that more than half of all lifetime mental
disorders tend to be concentrated in one sixth of the population who had a history of three
or more comorbid psychiatric disorders, including depression and anxiety disorders [182].
Anxiety and depressive disorders are known to be comorbid in many cases. Results from The
National Comorbidity Survey Replication (NCS-R) study, carried out in the United States,
showed statistically significant associations between major depressive episode and all type of
anxiety disorders [183]. The Netherlands Study of Depression and Anxiety (NESDA) found
that 67% of patients with depressive disorders had a current anxiety disorder, and 75% a
lifetime anxiety disorder. In turn, 63% of patients with a current anxiety disorder had a
current depressive disorder and 81% had a lifetime depressive disorder [184]. Additionally, in
the ESEMeD study, suffering from any type of anxiety disorder, such as generalized anxiety
disorder or panic disorder, was clearly associated with a higher risk of major depression [185].
Anxiety and depression comorbidity has been shown to be related to more negative impact
compared with the independent presence of these conditions. For example, suicidal ideation
has been found to be strongly associated with comorbid depression and anxiety [186,187].
Thus, close attention should be paid to the management of patients affected by this

comorbidity. The “mental-arthritis” pattern also linked arthritis to these psychiatric disorders;
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although the association was less strong (factor score for arthritis was 0.27 in the pattern).
This outcome supports the results found in the World Mental Health Surveys across 17
countries where arthritis indicated a higher risk of developing mood and anxiety disorders
[188]. Moreover, comorbid depression-anxiety was found to be more strongly associated with
arthritis than single mental disorders, which also supports our results [189]. Even though the
specific mechanism underlying this relationship still remains unclear, longitudinal data
suggest that arthritis would predict the onset of psychiatric disorders [190]. In addition, there
is some evidence showing higher levels of IL-17, typically higher in patients with arthritis, in
those patients with anxiety compared with those without [191]. Both osteoarthritis and
rheumatoid arthritis are associated with greater pain intensity when patients are suffering
from comorbid depression or anxiety [192,193]. In fact, patients with rheumatoid arthritis,
knee osteoarthritis and fibromyalgia syndrome who also suffer from depression and/or
anxiety have significantly lower quality of life compared with patients without these mental
disorders [194]. Other factors, such as the impact of arthritis on the physical appearance and
the presence of periods with remission of the clinical symptoms of arthritis are also thought
to be involved in the association between these conditions [195,196]. Despite the need for
further investigation, our results show that social support and a multidisciplinary approach
to treating psychological distress in arthritis alongside conventional treatment are essential
to manage comorbid arthritis and mental disorders [196-198]. Thus, mental screening should
be performed in patients with arthritis in order to offer the most efficient care for these
patients. Murphy et al (2012) previously encouraged health care providers to screen all
people with arthritis for both anxiety and depression [199]. Selected patients could benefit
from specific strategies aiming to improve their quality of life. For example, exercise,
behavioral therapy and meditation have been proposed as ways of helping patients to

manage the psychological burden associated with arthritis [197].

The third multimorbidity pattern is the broadest, including seven physical conditions:
hypertension, diabetes, cataracts, stroke, edentulism, angina and arthritis. Because of the
higher number of conditions and the lack of a clear, single framework, it was artificially
named the “aggregate pattern”. Angina, hypertension, diabetes and stroke are related to each
other through the metabolic syndrome. Some previous studies assessing multimorbidity
patterns have only found specific patterns for conditions under this umbrella concept. For
example, Garcia-Olmos et al found a pattern involving cardiac arrhythmia, lipid metabolism
disorders, hypertension and type 2 diabetes in Spain [57]. Similar patterns have been found

by other authors in the United States and Germany [47,50]. Occasionally, as in our case,
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multimorbidity patterns in the literature included typical metabolic syndrome conditions
plus other non-metabolic conditions. In fact, Freund et al found a pattern with
cardiovascular and metabolic diseases that also included osteoarthritis and visual
impairment, which is very similar to the findings in our study [200]. Holden et al published a
pattern with cardiometabolic diseases but also included arthritis [201]. In the review by
Prados-Torres et al, patterns in which all or most conditions were related to cardiovascular
and metabolic diseases were among the top three groups of multimorbidity patterns with
relevant similarities [47]. With regard to the associations of diseases themselves, cataracts
may be involved in this pattern as its prevalence is influenced by the presence of diabetes,
but also bearing in mind that cataracts has been linked to joint diseases [50,202]. The
underlying mechanisms that may exist between joint diseases and cataracts are unclear.
Adverse effects of glucocorticoids for the treatment of rheumatism could be partially
responsible for the higher prevalence of cataracts in these patients. However, Falsarella et al
found a higher risk of developing cataracts after adjusting for glucocorticoid intake in
patients with arthritis [203]. Thus, it has been suggested that an increase in inflammatory
modulators in rheumatic disorders may also be related to the onset of cataracts [203]. For
example, arthritis-related uveitis has been associated with the onset of cataracts due to both
inflammation and intake of glucocorticoids [204]. Heart diseases have also been associated
with joint diseases, which supports this pattern, and may be linked through inflammatory
pathways [37,50]. A systematic review by Felton et al found a relationship between the
presence of edentulism with hypertension, coronary artery disease, diabetes, rheumatoid
arthritis and osteoporosis [205]. It has been suggested that edentulism may be related to
arthritis through an inflammatory pathway and with cardiovascular diseases through dietary
or inflammatory causes [205]. On the one hand there may be a lower intake of fruits,
vegetables and fiber and increased consumption of cholesterol and saturated fats, which may
be related to obesity, hyperlipidemia and lack of some antioxidants in the diet [159]. On the
other hand, it has been suggested that increased inflammation rates cause changes of the

gastric mucosa, gastrointestinal cancer and higher rates of ulcers [159].

4.1.3. Methodological issues in multimorbidity pattern analysis

As stated before, although the study of pair associations (comorbidity) is useful and has
helped to improve medical practice in the past, there is also a need to study the additive
association of multiple chronic conditions. Apart from the mere counting of diseases, which
can be a good starting for work on chronic conditions, other more complex statistical

techniques have been used in the past to assess multimorbidity patterns in the population. In



General discussion

our case, we used factor analysis to detect multimorbidity patterns, although other
methodologies have been employed in other studies. The systematic review by Prados et al,
focusing on multimorbidity patterns, showed an updated list of studies in that respect. Only
14 studies were found focusing on multimorbidity patterns. When considering the statistical

approach in the literature, we find 4 approaches, including the one followed in our study:

- Ratio observed/expected: This methodology has been used to assess whether certain pairs,

triads or patterns of chronic conditions are more frequent in real life than theoretically
expected. However, we cannot discount the possibility that the associations occur by chance
as adjusted statistical analyses are not performed. For example, Freund et al compared the
expected and observed prevalence by means of the Chi-Square test to assess multimorbidity
patterns in Germany [200]. Since controlling for sex and age was not possible, Wong et al
stratified for these variables to get a broader picture although doing this risks reducing the
sample size excessively [44]. Thus, large databases are required to ensure the capacity to
discriminate the patterns clearly. Although a more complex analysis would be desirable, this
method allows a broader picture of multimorbidity distribution to emerge using a relatively
easy, clear methodology. In our case, although it is not useful when exploring multimorbidity
patterns, we used this approach to detect the pairs of conditions with higher
observed/expected ratio to assess their impact on quality of life and disability, which will be

commented on later in the discussion.

- Cluster analysis: this method allows individuals to be assigned to groups, called clusters, so
that individuals within a group have similarities between them in terms of variables of
interest. In other words, it divides data into groups that retain the natural structure of the
data. Despite the statistical differences, the aim is the same as in multiple correspondence
analysis and factor analysis. There have been a few instances of cluster analysis methodology
being used for multimorbidity, by means of several techniques, especially agglomerative
hierarchical clustering [45,51-53,174,206]. The main inconvenience of this approach is that
conditions can be assigned to a single pattern only, which interferes with the natural
conception of multimorbidity patterns. Moreover, when interpreting the typical cluster
analysis dendrograms, the false impression can be created that all the data are distributed
into groups, which, in fact, is a possibility that cannot be discounted in our case. Choosing
the right number of clusters may be another problem since as the fusion process is

performed, dissimilar clusters can become combined.
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- Multiple correspondence analysis: This is a method with exploratory purposes that also

reduces the dataset and shows its underlying structure. After performing the analyses,
theoretical dimensions are reduced and the variables used in the analyses (in our case:
chronic conditions, etc) are assessed by means of plots to detect associations (patterns in our
case). This provides a representation of the datasets as clouds of points in a multidimensional
Euclidean space [207]. There are some limitations when using this method. First, a number of
decisions have to be made which can affect the final outcomes and allow some subjectivity to
have an effect on the results. According to Glynn et al, when dealing with more than two
dimensions or large features, interpreting the data becomes very difficult for the researcher
[208]. Glynn stresses that apart from the general difficulty of the methodology, researchers
“should avoid fishing for results by randomly combining factors in the hope of finding
correlations that could be interpretable” as this can increase the probability of finding
irrelevant associations. This alternative may be useful but needs to be explored further and
adapted better to the dichotomous nature of chronic condition variables for multimorbidity

pattern purposes [47].

- Exploratory factor analysis: This was the method used for our assessment of multimorbidity.

Exploratory factor analysis is a statistical technique used to summarize the correlation
among a series of variables, with the expected aim of understanding the underlying structure
of the data. The aim is, therefore, very similar to that of cluster analysis or multiple
correspondence analysis. This method defines a set of underlying factors, in our case
multimorbidity patterns, by estimating the relationship between the variables in each factor.
Moreover, it allows distinct variables to be included in various factors, which is not the case
with other methods such as cluster analysis. Firstly, a correlation matrix is needed to assess
the correlation structure between the variables (chronic conditions in this case). Exploratory
factor analysis requires continuous data, which is a limitation, but specific correlations can
be used to avoid this problem. In our case, a tetrachoric correlation matrix was used due to
the dichotomous nature of the variables, so that it is assumed that diseases included in our
analysis have a progressive course and are diagnosed when they reach a certain threshold
[209]. By using the results from the tetrachoric correlation matrix, the factor analysis
technique leads to a certain number of factors but a selection of the statistically relevant ones
is needed. In our case, the number of factors extracted corresponded to those with an
eigenvalue of at least 1.0 [50]. Although this method is widely used, it has to be borne in
mind that, depending on the research, the extraction could be based on priori criteria, use of

a scree test, etc. For every selected factor, there is a factor loading value corresponding to
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each of the variables. A specific condition is selected to form part of a pattern if its
corresponding factor loading value was above a certain cut-off, 0.25 in our case, which
indicates a stronger association [37,50]. Moreover, the Kaiser-Meyer-Olkin method was used
to estimate the adequacy of the sample in the factor analysis, whilst cumulative variance was
determined to describe the variance of the diagnostic data explained by the pattern. An
oblique rotation (Oblimin) was performed to allow a better interpretation of the analysis

factor.

We consider that exploratory factor analysis is an excellent approach for the investigation of
multimorbidity patterns in the general population because: a) It allows a more thorough
statistical analysis compared with the mere counting of chronic diseases or the
observed/expected ratio; b) Chronic conditions can be present in several factors, unlike
cluster analysis; c) it does not require complex management of data as is the case with
principal correspondence analysis; d) there is some experience compared with other
techniques, such as the principal correspondence analysis; €) it avoids subjective decisions
based on complex visual interpretations such as dendrograms in hierarchical cluster analysis

and plots in principal correspondence analysis.

A common limitation of studies dealing with any of the techniques mentioned above is that,
due to the cross-sectional nature of the study, the kind of interaction between diseases
cannot be evaluated, which requires a great deal of impartiality and evidence-based literature
when interpreting the results. Thus, discovery of multimorbidity patterns implies that
further study is needed to assess direct causality, associated factors or heterogeneity-

causality to better design prevention or care management programs.

4.1.4. Association between physical and mental conditions

Apart from the multimorbidity patterns, we also searched for individual associations between
physical and mental conditions. This issue is especially relevant as the elderly suffer from a
very high prevalence of chronic conditions and the impact of this association may be crucial
in terms of quality of life. There is evidence of this association for specific conditions but
further research was needed, especially in Spain, where the available information is very
scarce [210]. Our results show that asthma, angina, chronic lung disease and arthritis were
associated with depression in the binary logistic regressions after adjusting for covariates.
Only angina showed a clear association with anxiety after adjusting for covariates. These
associations have been highlighted in previous studies [211-214]. There are some hypotheses

to explain these findings. Firstly, arthritis, angina, chronic lung disease and asthma present

115




General discussion

with unpleasant symptoms such as joint pain, chest pain or shortness of breath, whereas
cataracts, diabetes, hypertension, edentulism or stroke are mainly asymptomatic [68,215].
Moreover, these diseases may be linked to greater disability, leading to isolation or
frustration [216]. Other explanations include the possible effects of pro-inflammatory
cytokines, platelet activation, disturbances in the autonomic nervous system or
hypothalamic-pituitary-adrenal axis dysfunction [211]. Our results also support the findings
in the meta-analysis by Huang et al, where hypertension was not associated with depression
[210]. It should be noted that previous studies also found other relationships, such as
diabetes with depression in the World Mental Health Surveys study [189]. This association is
controversial since Huang et al found that prevalence, but not incidence, of depression was
associated with the presence of diabetes [217]. Further research is needed to assess the
directionality of these effects and confirm other specific relationships. In addition to co-
occurring pairs, the number of physical conditions was also associated with higher
prevalence rates of depression and anxiety, highlighting the importance of co-occurring
chronic conditions. The limited evidence that exists in this respect, is in agreement with our
findings [218].

4.1.5. Implications of multimorbidity in healthcare
As stated before, co-occurring chronic conditions have been associated with poor health
outcomes and high healthcare-related costs. To date, however, research on this topic has

been insufficient, despite increasing interest over recent years.

One of the most important implications of discovering certain multimorbidity patterns in the
general population is that clinical guidelines could benefit from this and general care could
be adapted by taking them into consideration. One might expect current guidelines to
address comorbidity and multimorbidity since about two thirds of the population over 65
years suffers from it. However, this is not the case. Guthrie et al, in his analysis of clinical
guidelines and multimorbidity, showed an example of an older person in the USA suffering
from co-occurring diabetes, arthritis, osteoporosis, hypertension and COPD [69]. The
assessment of the guidelines of those five highly-prevalent conditions resulted in only one of
them acknowledging potential comorbidity. Moreover, the information provided was
contradictory and the recommendations for the patient were considered unfeasible by the
authors. A similar study was conducted in United Kingdom by Hughes et al [219]. In this case,
the National Institute for Health and Care Excellence (NICE) clinical guidelines for diabetes,
secondary prevention for patients with myocardial infarction, depression, COPD and

osteoarthritis were analyzed. Comorbidity was inconsistently addressed in the guidelines. A
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few relevant comments were made with that regard and most were of a general nature. The
author concluded that there was need for “guidelines for people, not for diseases” suggesting
that a better approach was essential. The relevance of this issue was highlighted in 2012 by
the then chairman of the NICE, Sir Michael Rawlins, who announced it was one of his
priorities to include multimorbidity in guidelines [220]. However, in 2014, the NICE had to
recognize again the need to shift the emphasis to multimorbidity guidelines rather than
single-condition guidelines, which indicates that there was a lack of supporting evidence
despite the intention to provide new guidelines covering multimorbidity issues [221]. Thus,
providing reliable evidence on multimorbidity patterns is an essential step in understanding
the distribution of chronic conditions in the general population. With this information, other
studies, especially longitudinal and interventional studies, should be encouraged to aid the
drawing up of recommendations. Guidelines should also take into account polypharmacy,
especially for frail patients and the cognitively impaired, and the need for certain treatments

in patients with limited life expectancy.

It seems clear that the care of the elderly needs to involve interventions to address
multimorbidity globally. Smith et al reviewed the interventions in managing patients with
multimorbidity. These interventions covered four perspectives: professional, financial,
patient-oriented and regulatory affairs [222]. As interventions taking multimorbidity into
account appeared to be more effective for specific functional difficulties or specific risk
factors, the authors concluded that it is vital to identify multimorbidity patients and develop
cost-efficient interventions for them [222]. These results and conclusions underlines the
usefulness of our and similar studies as starting points, but also highlight the need to assess
the impact of chronic conditions on functioning and quality of life (this issue will be
discussed in section 4.3.) [223]. Additionally, there is a need to include multimorbidity
patients in trials and observational studies to support evidence-based care [223]. From a
healthcare cost perspective, it is important to develop programs including interventions that
target patients. Up to now, there have been mixed results in that respect but the potential
cost savings may be significant [222]. In this context, communication and coordination of
care results are essential, while the patient is expected to play a more active role in the

management of their own care [224,225].

Finally, it is worth highlighting the apparently bidirectional relationship between mental and

physical conditions and bearing in mind that “there is no health without mental health” [226].

In our study, interesting associations were discovered. First, there is a multimorbidity pattern

including anxiety, depression and arthritis, as discussed above. Moreover, the study of
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independent associations between pairs of diseases showed a statistically significant
association between depression and the following chronic physical conditions: asthma,
angina, chronic lung disease and arthritis. In that regard, Mercer et al stated that
“practitioners must always consider mental health issues in patients with long term physical
conditions”, especially if these conditions impact on self-management and coping skills [226].
Palliative care also needs to be specifically addressed in the case of multimorbidity patients
[227].

4.2. Visual impairment and chronic conditions

4.2.1. Visual impairment and eye care in Spain

Our results show a clear decrease in the values of objective (distance and near) visual acuity
with age in the overall adult population. This trend begins in middle-aged adults. There are
reports of moderate prevalence of the most relevant ocular disorders in the population aged
between 50 and 60 years. For instance, data from the Framingham Eye study (USA) showed
the presence of aged-related lens changes in 42% of people aged 52-64 [228]. Congdon et al
showed a prevalence of nuclear cataract (13.2%), posterior subcapsular cataract (1.8%) and
cortical cataract (8.0%) in the population aged 50-59 years [229]. Furthermore, the highest
incidence of presbyopia (first-reported effects) appears in people aged 42 to 44 years old [230].
With regard to glaucoma, over 3% of the population already suffers from angle closure or
open angle glaucoma in Europe at the age of 57.5 years [231]. Other conditions, such as age-
related macular degeneration or diabetic retinopathy, have also been clearly associated with
age. Near visual acuity showed the greatest changes across age in our study, mainly due to
the presence of presbyopia as it appears in the whole population at a certain age. In the
population aged over 65 years, only 33.8% of women and 43% of men achieved the highest
scores on near visual acuity. Mixed results were observed with regard to sex. Women were
found to have worse objective near visual acuity. Similar trends were found with regard to
“subjective” assessment of distance and near vision across age. In this case, women showed

worse subjective distance visual acuity than men.

There are some considerations to be taken into account when interpreting the results. In our
study, a high prevalence of low vision (regardless of the prevalence of ocular diseases) was
found compared with other studies performed in a clinical setting (where prevalence is

lower). We found about 17% and 40% of distance and near visual impairment in the 50-64
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years subgroup, respectively. In several similar country-representative reports of the WHO's
SAGE study, prevalence of distance and near visual impairment reached up to 20% and 60%,
respectively, in the younger subgroup (50-59 years) [232]. In epidemiological studies, such as
the COURAGE study, the main aim is to observe general trends and analyze them in their
context. We carried out visual acuity tests and subjective visual assessments that allow us to
analyze this information but there is no formal diagnosis of low vision since the assessment
conditions are not totally comparable with an ophthalmologic/optometrist clinics. Thus, data
cannot be compared with studies using a more clinical approach. For example, Keeffe et al
presented, in the WHO bulletin, a simplified screening test to identify people with low vision
in epidemiological studies where they stated that their tests aimed to provide screening
results and to establish basic information on functional vision, not a clinical diagnosis [233].
Thus, we consider that our results are comparable with other similar epidemiological studies,
such as the SAGE study, but researchers and stakeholders should analyze the data with

caution when comparing them with some national data or specific clinical studies.

Regarding general eye-care issues, our study found worst performance in women. They used
more distance and near glasses, had worse objective near visual acuity and worse subjective
distance and near visual acuity with their usual correction. Other studies have found that
poorer results in vision occurred in women, therefore our results highlight the need to
promote visual assessments, especially in elderly women [234]. Age differences were found
with regard to the use of glasses, objective visual acuity and subjective acuity. It was observed
a larger proportion of population over 65 years having their last visual check during the last
12 months compared with younger groups, but it was only 35.5% in men and 37.6% in
women. The relevance of vision loss may be even more important in the elderly, as spouse
vision impairment in older couples also impacts negatively on the partner’'s well-being,
physical functioning, social involvement and mental health [235]. There is a need to increase
rates of visual assessment in the elderly taking the impact of visual loss on quality of life and
disability into account, which in some cases may benefit from optical correction, medical
treatment or interventions to enhance social participation [236]. This is especially relevant
considering the low proportion of near visual impairment in our results, which may be

related to presbyopia in most cases, that can be corrected.

4.2.2. Visual impairment and chronic physical conditions
Our study has shown a clear relationship between the presence of various co-occurring

chronic physical conditions and poorer distance and near visual acuity after adjusting for
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covariates. For example, the OR for distance visual impairment reached 2.83 (95%Cl: 2.23,
3.58) in the population with 3 or more chronic conditions compared with those with no
chronic conditions. Thus, multimorbidity could be considered a shared risk for visual
impairment in older adults as the co-occurrence of chronic conditions affects a large
proportion of this population group. This may be especially relevant as visual impairment has

been associated with poorer results in disability and quality of life [73,76,237].

To the best of our knowledge, our study is the first that has analyzed the association between
the presence of co-occurring physical conditions and visual impairment, highlighting the
additive effect of chronic conditions. There are authors, such as Whitson et al, that
previously included variables related to those in our study but they assessed the impact of
visual impairment and cognition on disability (multimorbidity is used as a covariate to assess
their impact on disability) [90]. Others, such as Brody et al, specifically assessed the
association between one single visual disorder (not visual performance) and depression [95].
They also used Spearman correlations between comorbidity (2+ chronic diseases) and
disability, not between comorbidity and vision. Another example is the study by Lamoureux
et al where they presented some information regarding non-ocular comorbidity across visual
impairment in the sociodemographic table, although this cannot be considered a paper
focusing on this issue [87]. Some descriptive information on chronic conditions and visual
impairment has been published but this was a descriptive analysis [238]. Finally, our study is
not only the first to assess this association but also the first to provide reliable and
comparable information for future studies as we have used very clear standard definitions for
chronic conditions, mental disorders and cognitive functioning, previously used in large

epidemiological studies (e.g., SAGE).

The underlying mechanism responsible for the additive effect of chronic conditions on visual
impairment is unknown. There could be an analogy with frailty, a state in which the
accumulation of deficits increases vulnerability to adverse health outcomes, so that additive
co-occurring chronic conditions would lead to a higher risk of visual impairment [239]. In
this context, individuals with several simultaneous chronic conditions, such as COPD,
diabetes, hypertension or arthritis, may have a cumulative risk due to biochemical,
inflammatory, vascular or neurodegenerative pathways. Previous studies have assessed some
of these relationships. For example, diabetes mellitus is associated with retinopathy and
cataracts, while arthritis has been associated with a higher prevalence of cataracts

[86,203,240]. Moreover, it is known that there are risk factors other than diabetes that impact
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on the risk of suffering from retinopathy, such as hypertension and hypercholesterolemia, so

that cumulative effects, according to the literature, are possible [241,242].

Arthritis, stroke and diabetes have been found to be associated with poor visual acuity.
Suffering from arthritis was associated with a higher odds of distance visual impairment (OR:
1.79; CI: 1.46, 2.21). There is little evidence on the association between arthritis and vision
loss, which is poorly understood and may be multifactorial. Extra-articular arthritis
symptoms may include conditions directly associated with vision loss, such as ulcerative
keratitis, scleritis, uveitis and severe Sjogren syndrome [243,244]. Moreover, some drugs
commonly  used in arthritis  treatment, such as  glucocorticoids  or
chloroquine/hydroxicloroquine have been associated with a higher risk of developing
glaucoma, cataracts and retinopathy [245-248]. With regard to the relationship between
osteoarthritis and visual impairment, no clear evidence has yet been found. There is little
epidemiological evidence on this issue, although Kirchberger et al suggested recently that
patients with joint diseases had a higher risk of eye diseases [50]. Stroke was associated with
higher odds of distance and near visual impairment (OR: 1.59 [CI 1.05-2.42]; OR: 3.01 [CI
1.86-4.87]). Stroke involves a wide range of sequelae, including low vision, quadrantanopia,
hemianopia and motility disorders. However, there is little evidence at an epidemiological
level [249]. Low vision may occur as a consequence of vascular pathology or other ocular
abnormalities [250]. In fact, we hypothesize that ocular abnormalities affecting vergence and
accommodation of the eye, which requires CNS coordination, would be responsible for the
higher odds in the near vision results. In a previous study, Rowe et al reported that up to 92%
of stroke patients had some form of visual impairment [249]. Our results underline the
importance of this association and highlight the need for visual healthcare after stroke.
Finally, diabetes was found to be related to a higher odds of distance visual impairment, as
expected, but not to near visual acuity. Adjusting for the time from the onset of diabetes may
impact the results so higher odds would be found in long-term patients, but this information

was not available in our study.

4.2.3. Visual impairment and mental disorders

Our results showed a significant association between subjective visual impairment and major
depression, in both distance and near vision (OR: 1.61 [CI 1.14-2.27]; OR: 1.48 [C] 1.03-2.13]).
As mentioned previously, there is some evidence suggesting an association between visual
impairment and depression in working-age adults [89,91]. There have been, however, mixed
results in terms of the study of this association in the elderly. Of the 24 papers addressing

this issue considered in the literature review, 13 found no association while 11 found a
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statistically significant association. A high degree of variability is present in these and other
studies focusing on this association. On the one hand, differences among them emerge
regarding the type of visual assessment: visual acuity tests, medical records, presence of age-
related eye-diseases, participants’ self-rating, high contrast vs low contrast, vision-loss
severity with functional screening, etc. On the other hand, various approaches have been
used for the diagnosis of depression (GDS-15, CES-D, Goldberg, HADS-D, etc.). Moreover,
most of these studies had small or relatively small samples. Thus, a need was identified to
provide reliable data using a nationally-representative sample of the older adult population

using standardized definitions and a complete assessment of visual functioning.

In addition to objective distance and near measures, the importance of the degree of
subjective impairment experienced by the person with visual problems has been highlighted
[251,252]. For example, Zhang et al found in a sample of 10,480 U.S. adults that self-report
visual impairment was associated with depression whilst this association was not present
with regard to objective measures (visual acuity test). These results are similar to ours [89].
Self-experienced visual loss may be critical as this leads to functional decline, disability and
both communicative and social isolation [91,253-256]. Moreover, the Health Care Policy and
Research Cataract Surgery Guidelines suggested that the degree of functional disability
should be considered as an important indication for cataract surgery rather than mere
objective visual assessment [257,258]. Differing trends between objective and subjective
visual impairment regarding depression could be affected by the negative perception these
patients might have of themselves. Consequently, we decided to test both objective and
subjective visual functioning and assess any differential behavior. We found a stronger
association in the case of subjective visual impairment, which highlights the importance of
self-perceived impairment in this population group. Although we theorize that subjective
visual impairment would lead to depression in these individuals, it may be that some

depressed people had a higher tendency to complain about vision.

In contrast with the case of depression, no association was found between visual impairment
and anxiety. This result is in the same vein as findings in previous studies in younger adults
or elderly populations [92,102,103,110,116,259,260]. There has been, however, some
controversy as a few studies have found an increased risk of anxiety when suffering from
visual impairment and a high rate of anxiety in the population with certain ocular conditions
has also been observed [72,101,109,112]. In our opinion, our study adds relevant information
on the relationship between vision and anxiety as the evidence on this was scarce and there

were some methodological issues that needed to be addressed. In general, there has been
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variability in the definition of anxiety; sometimes it is not very clearly defined at all, while
other studies used non-specific variables, such as “concern about blindness”. In our case, we
used the World Health Organization’s Composite International Diagnostic Interview (CIDI
questionnaire), a comprehensive, standardized tool which reinforces the reliability of our
results, and which has also been shown to be useful in cross-cultural epidemiological studies
[261]. For the all the above reasons, and the fact that we included both distance and near
assessment, we believe we have provided a general evaluation of the impact of visual

performance on anxiety, which will be comparable with other studies in the future.

4.2.4. Visual impairment and cognitive impairment
Cognitive functioning was found to be significantly associated with distance and near vision
performance, both at objective and subjective levels. This association was stronger in the case

of subjective near vision (OR: 2.40; CI95%: 1.52, 3.71).

Some studies have shown a statistical association between visual functioning and disorders
that lead to cognitive impairment to some extent, such as Alzheimer's disease and
Parkinson’s disease [262-264]. In the case of Alzheimer's dementia, some eye changes have
been reported to occur along the disease course. Chang et al summarized the possible
changes: protein deposition in the retina, retinal neurochemistry deficiency, and structural
changes at several levels (retina and optic nerve, blood vessels and retinal microcirculation,
crystalline lens) [120]. Further research is needed regarding these postulated mechanisms.
From the perspective of visual tests, contrast sensitivity seems to be altered in these patients
while there is no clear relationship between visual acuity and Alzheimer’s disease that would

justify screening with visual acuity tests [120].

There are studies focusing specifically on cognitive functioning where mixed results have
been found [121,122,265-268]. Sloan et al found a statistically significant association between
vision decline and cognition, but the effect size was considered small [121]. Elliott et al found
a relationship between cognitive impairment and near visual acuity but not distance visual
acuity, which highlights the need for comprehensive studies, including both distance and
near vision assessments [122]. Very little information is available with regard to subjective
visual performance. To the best of our knowledge, only two studies used subjective
assessment and none compared both types of measure to check differences between them
[121,266]. As such, research should include evaluation of subjective visual perception to
provide a complete picture of the association. In our study, we showed that there is

association both at subjective and objective levels, which seems to be slightly stronger in
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subjective vision. The mechanisms responsible for the interaction between cognition and
vision are not clear. On the one hand, visual impairment may lead to deprivation of sensory
input, which in turn would lead to functional or structural cerebral changes. On the other
hand, it may be plausible that common physiological pathways were involved. For instance,
impairment of the ventral/dorsal pathways and a loss of retinal ganglion cells has been
described in Alzheimer’s patients [262,269]. From a more theoretical perspective, cognitive
slowing was observed when simulating visual impairment, especially in the elderly [270,271].
In addition to causal and etiopathogenic concerns, the association between vision and

cognition should be underlined as their coexistence is related to greater risk of disability [90].

4.2.5. Implications

As mentioned above, visual impairment has been found to impact on several health
outcomes such as quality of life, risk of falling, social participation and increased mortality
[71-78]. Since progressive visual loss occurs with age, management of the population with
eye diseases is critical. The World Health Organization estimates that 80% of all visual
impairments can be corrected or are preventable [85]. Although national differences may
emerge, it is known that adjusted glass prescription, but also timely cataract surgery or AMD

intravitreal pharmacotherapy, would prevent functional visual impairment [84].

In Spain, the frequency of visits to the eye doctor has been found to be low, which could lead
to an unmet need for glass prescription for individuals with less frequent visits who are not
aware of their eye problems. Apart from glass prescription issues, other delayed treatments
would be required to correct, prevent or stop progression of particular eye problems, which
also reinforces the importance of regular visits to eye clinics [84]. The fact that more visual
problems are found in distance vision could be partially interpreted as a need for glass
prescription changes, which could be detected by means of eye tests. Thus, national efforts
should promote periodical eye screening in the elderly, adjusted for risk factors (e.g., annual,
biannual, etc.). The economic crisis in Spain may be mentioned in this context. On the one
hand, regular visitors to the eye clinics mostly go to private eye clinics, which could
experience lower attendance during times of economic difficulties. On the other hand,
pharmacological treatments for some eye diseases (e.g., diabetic retinopathy, age-related
macular disease or retinal vein-occlusion) involve expensive medication, so it is uncertain

whether delay or treatment-selection issues are present.

Cost-effective eye-screening planning should not only consider the age of individuals but also

situations in which it is known that there is an increased risk of visual impairment. This is
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the case with diabetes, arthritis and stroke, according to our results. Moreover, increasing
odds of visual impairment has been found in both distance and near vision as the number of
co-occurring conditions rises. Thus, multimorbidity patients should receive special attention.
Additionally, prevention issues arise in the context of physical conditions. It is known that
tight control of diabetes, but also blood pressure and, in all likelihood lipid control, are
associated with fewer retinal problems in diabetic patients [272]. In our case, diabetes was
independently associated with visual impairment but no information was available on the
glycaemic control of the patients to assess this effect thoroughly. Future multimorbidity
guidelines or single-disease guidelines that include information on multimorbidity should
include evidence-based recommendations for prevention taking risk factors into account.
Diabetes guidelines are an example in that respect. As ocular diseases are well-documented
in diabetic patients, recommendations already exist in Spanish guidelines; e.g., biannual eye
screening in case of mild nonproliferative retinopathy [273]. However, there are no clear

screening recommendations for most visual disorders to guide clinicians [274].

With regard to mental health, depression, but not anxiety, was associated with visual
impairment. As stated above, more complex mechanisms may be involved in this association
compared with physical conditions. The association is particularly interesting as it has been
associated with increased risk of falls and lower quality of life [275,276]. The fact that the
association was present only in subjective vision evaluation highlights the need to expand the
evidence on this specific assessment. If confirmed, easy subjective screening vision tests
could be performed in primary care or eye-care settings as a proxy measure to detect patients
at risk of developing depression. These patients would require some basic monitoring and
periodical depression screening. Some authors have proposed instruments, such as the
Patient Health Questionnaire-2, to assess depression risk in eye-care settings [277].
Healthcare professionals should be aware of this association and its implications. Rees et al
underlined the need for further training of health professionals in identification and
treatment of depression in patients with vision impairment [278,279]. Management of visual
loss may tackle the vision-specific distress suffered by these patients [280]. For example,

stepped-care has been proposed to prevent depression in visually impaired older adults [281].

With regard to cognitive functioning, our results showed a clear association between
cognitive impairment and vision loss. The clinical interpretation of this association is
complex because there is a need to understand the pathophysiological mechanisms leading
to these results. If visual impairment were a factor involved in cognitive impairment, visual

screening would be useful in detecting and managing progressive cognitive decline with age.
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This could then help to delay progressive, visual-related cognitive impairment. (This
interpretation takes the aforementioned association between simulated visual impairment
and slowing of cognitive performance into account) [270]. However, visual screening does
not seem to be useful as biomarkers in Alzheimer’'s disease judging from the evidence
available in the review by Chang et al [120]. Consequently, our results shed light on the
association between vision and cognition but further studies are needed to recommend

specific screening or management of these patients.

4.3. The association between chronic conditions, disability and quality of life.

4.3.1. Chronic conditions and disability

Our study shows a clear association between chronic conditions and disability. This
association is present for conditions individually but turns out to be especially strong as the
number of co-occurring conditions increases. Furthermore, our study also shows relevant

trends according to gender in this association.

The results of the multiple linear regression showed that all conditions except hypertension
were associated with disability. It is remarkable that mental disorders (depression and
anxiety) and stroke had the highest impact on disability: depression (B: 15.70;
95%Cl:13.62,17.77); anxiety (B: 11.17; 95%Cl: 2.49,19.86); stroke (f: 12.15; 95%Cl: 8.08,16.22).
There is some evidence suggesting the considerable contribution of mental disorders to
disability [148]. For instance, Martin et al showed the growing importance of depression in
the United States, although it was not found to be among the leading causes of disability
[282]. Another study by Merikangas et al found that mental disorders had the greatest impact
on disability, after musculoskeletal disorders, in the United States [283]. Nevertheless,
studies to date have tended to exclude mental disorders when analyzing the impact of
chronic conditions, so further study was needed to assess this relationship [146,149]. Our
results underline the importance of mental health in the elderly at this level. Stroke is the
physical condition with the highest impact on disability, followed by COPD, arthritis and
angina, which have been previously associated with poor health outcomes [146,149,284-289].
These physical conditions share some similarities, such as disabling symptoms (pain,
shortness of breath, etc.) and physical limitations, whereas asymptomatic conditions such as
diabetes or edentulism had a lower impact on disability. Diabetes has shown mixed effects on
disability in previous studies [151,290,291]. For example, Tag et al found no association

between diabetes and disability in Holland, and Okochi (2005) found no association between
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diabetes and severe disability in Japan [151,290]. Kim et al found this association only for
those participants aged 70 to 79 years of age in a sample of participants aged 65-89 in South
Korea [291]. A recent review by Wong et al concluded that diabetes is strongly associated
with physical disability. However, they excluded those studies reporting disability as a
continuous measure [123]. They justify this by maintaining that cut-offs for disability are
artificial, depend on the tool and would introduce bias into the final results. Moreover, the
review focused on physical disability only and the selected studies did not adjust for other
chronic conditions. Thus, further investigation is needed to clarify this association. Mixed
results have also been found for hypertension in previous studies [151,292,293]. Our results

suggest that asymptomatic conditions impact less on disability than symptomatic ones.

With regard to co-occurring pairs of conditions, two interactions were selected for study
(depression*anxiety; cataract*diabetes) after the assessment of the pairs. Suffering from
diabetes and cataracts resulted in a synergic effect on disability. Caution should be exercised
in the interpretation of this result. Duration of diabetes and parameters reflecting its poor
management, such as high levels of fasting blood sugar, HbAlc or macroalbuminuria, are
strongly related to the prevalence of cataract [294,295]. Poor control of diabetes, also related
to other metabolic syndrome complications, would result in poorer health status and a
higher degree of disability compared with the mere addition of the individual burden of
cataracts and diabetes. Co-occurring depression and anxiety resulted in a ceiling effect but

this was not statistically significant.

At a cumulative level, a sharp increase in disability was found when more chronic conditions
were present, with estimates of the B coefficient ranging from 3.57 (95%Cl: 2.56, 4.56) in
respondents with one condition up to 27.64 (95% CI: 24.99, 30.29) in patients with four or
more conditions. Our study complements the evidence on this issue since most studies have
previously focused on the impact of single conditions, specific pairs or organ classifications
[148,149,284,285,292,296-298] whereas the number of articles focusing on multiple chronic
conditions is low and there is great methodological variation [146,299-303]. The few studies
assessing multiple chronic conditions have used the number of conditions due to the
valuable information provided, the generalizability of the results and the simplicity of

interpretation. For instance:

1) Binary variable of >1 chronic condition vs none: Basu et al; Fox et al; Alfonso Silguero
[300,301,303].
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2) Number of chronic conditions: Hung et al; Alfonso Silguero et al; McDaid et al
[146,299,302,303].

The association between the number of chronic conditions and disability rates found in our
study suggests that multimorbidity patients require special attention. Disability per se
predicts future disability status. Thus, it is important to identify high-risk groups needing
preventive, curative or palliative strategies [151]. A recent Cochrane review concluded that
patients at risk can benefit from intervention programs, such as resistance strength training,
or preventive home-visitation programs [304]. However, more evidence is needed on the long

term effects and adverse events of these programs.

Comparison of our results with other studies is complex due to the variety of approaches
previously used to assess disability. Classically, tools and indexes assessing disability have
focused on the ability to perform either activities of daily living (ADLSs) or instrumental
activities for daily living (IADLSs). For example, the Katz index is one of the most common
ADL tools, including issues such as feeding, continence, transferring, toileting, dressing and
bathing. Tools assessing IADLs (e.g., Lawton index) focus on more complex activities such as
heavy housework, shopping, using transportation, preparing food, etc. [130]. These and other
indexes, such as the Barthel index, are useful instruments that have been implemented in the
clinical setting, especially in nursing, but certain aspects including social impact cannot be
assessed. The World Health Organization developed the International Classification of
Functioning, Disability and Health (ICF), a biopsychosocial model that works at three levels
(body, individuals and society) [70,305]. Disability is a broad-spectrum term that covers
impairment, activity limitation and participation restrictions in which the role of contextual
factors is widely recognized [124]. In this respect, a comprehensive tool developed under the
ICF scheme was used to design the World Health Organization Disability Assessment
Schedule 2.0 (WHODAS 2.0) [306]. The interpretation of our results has to be considered in
the context of the use of this tool, therefore comparison with other indexes or tools would
not be appropriate. In our case we used the 12-item, validated version of this tool [131].
WHODAS 2.0 has proved to be particularly useful as it has been previously validated in
patients with chronic conditions [307]. Moreover, WHODAS 2.0 was designed for

epidemiological purposes.

Very few studies in Spain have previously used WHODAS 2.0. As an example, Virués-Ortega
et al used this tool in participants over 75 years only [306]. Although they recruited

participants from several geographic areas, it was not a nationally representative sample and,
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more importantly, they did not include chronic conditions in their analysis. Pedro-Cuesta et
al assessed the impact of stroke, COPD and chronic heart failure patients in Madrid,
concluding that disability among these patients is frequent, but they did not provide a
comprehensive list of diseases nor the cumulative risk of conditions [308]. Almazéan-Isla et al
used this methodology to assess disability in a rural area in Spain. They did not assess the
impact of individual diseases but found that a higher number of diseases increased the
WHODAS score greatly (OR of having 4+ conditions was 2.97; 95%CIl. 1.88-4.70) [308]. A few
other studies have used distinct approaches, such as the Barthel index or other specific ADL
tools [298,303]. For example, Alfonso Silguero et al found that stroke was associated with
mobility loss, although this association was not found with other conditions individually or
with the number of chronic conditions [303]. Valderrama-Gama et al found in a regional
sample from Madrid, similar results to those reported in our study: cerebrovascular diseases,
depression and anxiety disorders were the leading causes of functional disability [298]. Our
study provides comprehensive, previously unavailable evidence on the relationship between

chronic conditions and disability in Spain.

4.3.2. Chronic conditions and quality of life
As in the case of disability, quality of life was found to be greatly associated with single
chronic conditions, and especially when they accumulate in individuals. Our study also

showed relevant trends according to gender in this association.

The results from the multiple linear regression showed that all conditions except
hypertension were associated with lower quality of life. Again, mental disorders (depression,
anxiety) and stroke had the highest impact on quality of life: depression (p: -14.00; 95%ClI:-
15.85,-12.14); anxiety (B: -7.82; 95%Cl: -11.57,-4.08); stroke (B: -8.16; 95%CI: -11.77,-4.55).
Some studies have suggested an intimate association between mental disorders and quality
of life [164,309,310]. As in other areas of medical research, a high proportion of studies did
not include mental disorders when assessing the impact of chronic conditions [135,146,311].
The few studies available that have used a comprehensive analysis, including both mental
and physical conditions, have shown this association [135,147,312-315]. Our results expand
the evidence on this issue and shed light on this association in the Spanish population. As in
the case of disability, stroke is the physical condition with the highest impact on quality of
life, followed by COPD, arthritis and angina. Some studies found similar individual
associations [146,289,316,317]. Physical limitations and disabling symptoms (pain, shortness
of breath, etc.) are common in these conditions and are responsible for the higher burden

associated with them. Conditions that are mostly asymptomatic, such as diabetes or
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edentulism, had a lower impact on quality of life but still showed a significant association
with poorer results in quality of life. Diabetes has been generally associated with poorer
results in quality of life but there have been mixed results [135,311,312,314,315,318,319]. Our
study suggests that the individual impact of diabetes on quality of life exists but is mild.
Other conditions coexisting with diabetes, e.g., cardiac problems, would be responsible for
the highest burden in terms of quality of life loss. As previously mentioned, hypertension was
not related to worse outcomes. Mixed results have been found in prior studies focusing on
this condition [135,309,311,312,314,315,318]. It has been found that symptoms are
responsible for the greatest impact on quality of life in patients with hypertension, therefore
treatment and patient monitoring would minimize the relatively few symptoms in
participants with hypertension [320]. This has to be taken into consideration when
interpreting our results, since diagnosis was reported by the participants. A high proportion
may have been receiving medical care at the time of the interview and possible symptoms
would be minimal. Our results suggest that symptomatic conditions are more likely to be

associated with poorer results in quality of life.

With regard to co-occurring pairs of conditions, two interactions were selected for study
(asthma*COPD; cataract*diabetes) after the assessment of the other pairs. Suffering from
COPD and asthma resulted in inverted directionality of the results compared with the
individual effect of these conditions on quality of life. This result did not alter the individual
negative effect of COPD and asthma on quality of life and suggests that a ceiling effect
appears when these diseases are present simultaneously. Both COPD and asthma are
prevalent conditions in the elderly and there is a high frequency of overlapping diagnosis in
the elderly. For example, over 50% of CODP patients aged over 80 years have co-occurring
asthma [162]. Consequently, the asthma-COPD overlap syndrome has been defined and
studied. As the name suggests, it involves features of both conditions and has been related to
poorer results in quality of life in patients with asthma and similar to those found in COPD
patients [321]. In our study, we found that 43% of the respondents diagnosed with COPD
also suffered from asthma, which supports results previously found in the clinical setting.
Mixed results have been observed with regard to the clinical outcomes of this syndrome. For
example, Fu et al found, in a longitudinal study, that COPD or asthma patients had a worse
prognosis than patients with the asthma-COPD overlap. In contrast, other studies have
showed more severe exacerbations when these diseases occurred together [322,323]. Further
research is needed to clarify the asthma-COPD overlap syndrome and its impact on health

outcomes such as quality of life and severity of exacerbations.
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At an additive level, a sharp decrease in quality of life was found when more chronic
conditions were present, with estimates of the  coefficient ranging from -3.26 (95%Cl: -4.66,
-1.93) in respondents with one chronic disease to -18.10 (95%Cl: -20.95, -15.25) in

respondents with four or more conditions.

These results underline the relevance of multimorbidity to quality of life, while expanding
and complementing previous evidence on the study of individual conditions, specific pairs of
conditions or organ domain classifications [135,143,309,310,313,315,324,325]. There are a few
studies that assessed the impact of multimorbidity on quality of life. These studies, as in the
case of disability, used either multimorbidity as a binary or continuous variable, with great
variability in their methodology [299,311,312,314,318,319,326,327]. Our results support the
descriptive analysis by Lawson et al, which showed reductions in preference-weighted
health-related quality of life in participants with longstanding conditions [299]. However,
their results are not completely comparable for several reasons: conditions included in the
analysis, number up to three conditions and the count itself allowed one condition for every
organ-based classification group. Heyworth et al and Brettschneider et al assessed quality of
life and its dimensions with the EQ-5D and found that it decreased with an increasing
number of chronic diseases [312,328]. However, Heyworth et al restricted their study to six
conditions, with no mention of mental disorders, while Brettschneider et al considered
multimorbidity as a continuous variable and provided no information on the specific disease
count. Thus, these results are complementary rather than comparable. Tan et al also found
poorer results in quality of life with a higher number of chronic conditions but a ceiling effect
seemed to appear between two and three chronic conditions [314]. These results diverge
from those found in our study, with the group with four or more conditions having
noticeably lower quality of life results compared with participants with three chronic
conditions. Our results should help to target multimorbidity patients as a population
subgroup in which clinical, community and patient-centered care should be prioritized to

ensure the best possible quality of life [329].

Comparison of our results with those of previous studies is complex due to variability in
methodology. A great number of tools can be found in the literature for the study of quality
of life. The Short Form 36 (SF-36) is the most widely used tool for the assessment of health
related quality of life or self-perceived health status [330]. Apart from some limitations
inherent to the SF-36 tool, the fact that many of the questions are focused on functioning has
been critized. As stated by Horner-Johnson et al “measures include questions on function,

reflecting an assumption that respondents are unhealthy if they are unable to perform
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certain functions such as walking or climbing stairs” [331]. With the development of the
WHO's ICF, as previously mentioned, a more comprehensive approach is proposed to assess
the health status and quality of life of the individual. According to the ICF definitions, people
with some functional limitations can experience good health, implying that the SF-36 lacks
the ability to reflect quality of life from a more global perspective. Horner-Johnson et al
found that there was a possibility of measurement bias due to this limitation [331]. As such,
we decided to use the modified version of the World Health Organization Quality of Life
instrument (WHOQOL), called the WHOQOL-AGE, that provides a comprehensive result
for quality of life and has been specially adapted for the elderly population [133]. This short-
version contains 13 out of 100 questions from the original version and has been validated in
populations over 50 years old. The COURAGE is the first study to date to use the WHOQOL-
AGE instrument so no data is available for comparison in Spain or other countries. Despite
this limitation, the validity of the measure will presumably ensure that future studies will use

it and, therefore, allow comparison with our results.

4.3.3. Gender trends in disability and quality of life

Systematic gender-dependent errors in design and analysis of research are described in the
literature due to androcentrism or gender insensitivity [332]. Assuming, incorrectly, equality
or differences between women and men would lead to bias at several levels: selection,
measurement, and analysis of the results [332]. Studies focusing solely on women or men,
unless justified by previous research, would also lead to difficulties in terms of applicability in
healthcare practice. Thus, a suitable approach has to be considered for each case. Previous
research on the subject of our study has underlined the need to address disparities in risk
and interventions across gender in the population suffering from chronic conditions [329].
Although gender is considered when adjusting regression models in most studies, only some
provide descriptive results or separate analyses by gender, which in turn tend to focus on
specific conditions rather than more comprehensive approaches to multimorbidity
[149,150,288,291,325,333-335]. Consequently, our study covered the sample globally and also
by gender.

Our results have shown some trends in the prevalence of chronic conditions across gender: a)
higher prevalence of angina and COPD in men; higher prevalence of arthritis, depression,
anxiety, cataract, and number of chronic conditions in women; c¢) no differences for
hypertension, diabetes, asthma, stroke and edentulism. In the descriptive analysis,
depression was found to be the condition with the highest impact on disability score (30.0;

95%Cl: 25.3-34.6) and quality of life score (53.6; 95%CI: 51.0-56.3) in men in terms of mean
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scores. In women, angina was the condition with highest impact on the disability score (36.9;
95%Cl: 31.8-41.9) and anxiety on the quality of life score (48.9; 95% CI: 54.8-52.9). Higher
disability and poorer quality of life scores were found in women than in men for most
conditions. These results reinforce the idea that greater attention should be paid to women
to prevent and manage poor outcomes in disability and quality of life. Additionally, it sheds
light on the relationship between chronic conditions and these outcomes [291,336-338].
However, similar scores were found in both sexes for anxiety, asthma, depression and stroke
(stroke only for quality of life). Both sexes showed similar behavior with regard to the
number of chronic conditions, with a ceiling effect appearing when people reach a certain

level of multimorbidity.

After adjusting for covariates, our study showed that women had higher risk of disability
than men (B: 2.92; 1.72-4.12). The clinical relevance of this result is unclear as no clinical cut-
offs for these screening tools are available to date. We hypothesize that the impact of gender
on disability is moderate rather than intense since effect size resulted in small-moderate
values. Moreover, the estimate of the B coefficient is comparable with the effect of some
diseases, such as diabetes (B: 2.32; 0.56,4.08) or edentulism (B: 2.93; 1.19,4.68), but very low
compared with depression (B: 15.70; 13.62-17.77) or stroke (B: 12.15; 8.08-16.22). Analogous

results were found for quality of life.

The separate regressions for males and females showed similar behavior for chronic
conditions as that reported in the global regression. For some of these conditions, however,
the association disappeared in men or women. Asthma was related to poor results in quality
of life and disability in men only, while anxiety was found to be associated with poorer
results solely in women. Since the prevalence of anxiety in men was relatively low, we
consider this result may be biased by the power of the study. Other conditions showed these
differences in one of the outcomes only. For example, cataract was associated with disability
and angina with quality of life in women only, while edentulism was found to be related to
poor quality of life in men. With regard to the number of chronic conditions, a greater
impact on quality of life and disability was found in both genders. These results suggest that
the effect of conditions in each gender group may differ and should be considered in future
studies. With regard to asthma, for example, the management of the disease in men should
focus particularly on preventing loss of quality of life and physical functioning. To clarify the
interpretation of these separate regressions by gender, interactions between each chronic
condition and gender were assessed. Interactions were found in depression with respect to

quality of life; and in diabetes, co-occurring cataract-diabetes, and the number of chronic
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conditions with respect to disability. These distinct impacts by gender may be considered
when interpreting our results. In our case we focused on the differences between the
regressions. The inclusion of multimorbidity patients only would have been useful to
improve the power of the study and provide more consistent information on the analysis of

interactions and eventually further clarify cross-gender differences.

4.3.4. Implications

Multimorbidity impacts greatly on patients and healthcare systems. Individuals with
multiple chronic conditions show increased health care utilization [339]. As the number of
providers increase, their instructions become difficult to understand, remember and
reconcile [13]. Moreover, they have to face complex treatments, which in turn can lead to
side effects, morbidity and even worse disability and quality of life [340]. These results can
also be found when prescriptions by different physicians are made while ignoring other co-
occurring conditions. Multidimensional health outcomes such as quality of life and disability
are useful as global measures of wellbeing and health status in the population [12]. In the
context of financial shrinking, healthcare providers should aim to increase life span cost-

effectively while maintaining quality of life and functional ability.

Our study highlights the relevance of both individual and multiple chronic conditions to
disability and quality of life. Most of these conditions are preventable or can at least can be
delayed with proper actions. This is an area that should be explored since 97% of health
expenses are presently spent on treatment while only 3% is invested in prevention [12]. For
example, intensive lifestyle modification, bariatric surgery, and anti-diabetic and
cardiovascular medications were found to be effective in the prevention of Diabetes mellitus
type 2 in a recent review by Merlotti et al [341]. With regard to stroke, a higher risk is present
in people with certain conditions (e.g., atrial fibrillation) which should be properly managed
but there are also risk factors that could be prevented (e.g., obesity, smoking, hypertension,
physical inactivity, etc.) [342]. These considerations are applicable to other conditions (e.g.,
angina, hypertension, COPD, etc.) so greater efforts should be made to implement extensive

prevention plans in the elderly and measure their impact.

Once a condition is established, health policies should consider those modifiable/correctable
conditions and treat them in a timely fashion (e.g., cataract, edentulism). In the case of
cataract, not only quality of life and disability would be expected to improve. These
interventions have further implications, as cataract surgery may promote longer overall

survival according to some studies [343]. The population with edentulism suffers from
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negative perception which leads to poor social interaction and lower quality of life in
addition to diet restrictions associated with cardiovascular diseases, diabetes, etc. [159].
Prevention of dental loss and proper management of oral health is fundamental since each
tooth that remains after the age of 70 is associated with a decrease of 4% in mortality over 7
years [159]. In Spain, there are long waiting lists for cataract surgery while dental care is
mainly provided by private dental care providers, which could be related to delayed care or
unaffordable treatments for patients. We hypothesize that early management of cataract,
edentulism and specific cases of osteoarthritis would be cost-effective in terms of quality of
life, disability and other health outcomes. Further research would be needed to address

priorities in this respect.

Apart from the medical approach required for the management of chronic conditions,
additional efforts should be made to prioritize actions in those situations with poorer
outcomes. For example, the number of chronic conditions has been found to be strongly
associated with poor quality of life and more disability. Patients with multiple chronic
conditions could be a target group for periodical screenings aiming at early detection of
quality of life and disability problems. Action could then be taken consequently
(psychological support, physical training, social support, changes in the current treatment,
etc.). For instance, patients at high risk could benefit from interventions (e.g., progressive
resistance strength training) that have been found to be useful in preventing further
disability [304]. Another target group requiring close monitoring could be those with mental
disorders (depression, anxiety) and stroke, according to our results. However, single-disease
management should be restricted to very specific circumstances with increased emphasis on

multiple cluster associations to prevent fragmentation and duplication of services [13].

Along with these issues, some approaches aiming to improve health outcomes have been
suggested at several levels. Nursing care management could be positive in terms of quality of
life, patient satisfaction, self-care, drug adherence, service use and objective clinical measures
[344]. This service would be very useful in unplanned, poorly coordinated or exacerbation-
focused care [344]. A recent Cochrane review showed that specific functional difficulties
should be targeted in multimorbidity patients to provide comprehensive care [345].
Telehealth care is a potentially beneficial approach. According to the recent review by Jones
et al, telehealth care has showed similar or better health outcomes, including quality of life,

for a wide range of chronic conditions [346].
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4.3. Strengths and limitations

The main strength of our study is that results are extrapolated to the entire Spanish older
adult population due to the sampling methodology applied. In the future, comparison will be
possible with other countries including those in the COURAGE study (Finland, Poland, and
Spain) and the SAGE study (China, Ghana, India, Mexico, Russia, and South Africa). The
SAGE study is an ongoing program led by the World Health Organization with the goal of
obtaining comprehensive longitudinal information on the health and well-being of adult
populations [232]. Variables in this study were carefully selected to provide quality data,
including validated algorithms and tools such as the aforementioned WHOQOL-AGE and
WHODAS. The COURAGE study is a project carried out by several European institutions and
the World Health Organization that used the same methodology as the SAGE study [347].
Moreover, we consider that comparability will also be possible with other studies that use
these tools in the future. Additionally, longitudinal data will be available in the future as the
Spanish cohort of the COURAGE is followed. The inclusion of depression and anxiety in the
results and analyses also needs to be highlighted as previous studies have omitted mental
disorders on most occasions. Thus, our work provides a more comprehensive picture of
multimorbidity compared with most of the literature. Diagnoses were based on self-report by
the participants but symptom-based algorithms were also implemented for symptomatic
conditions (angina, arthritis, asthma, cataract, COPD and stroke) to collect information from
participants that were not aware of their illness, or in the case of elderly people who forget or
misinterpret their diagnoses. This allows a clearer picture of the participants to emerge
compared with other studies. This may have led to higher sensitivity at the expense of lower
specificity. The use of CIDI questionnaire, a validated and commonly used tool to assess

mental health, is another strength of our study [261].

Our study has several limitations. Its cross-sectional nature identifies associations but does
not allow cause-effect relationships to be determined. In our case, clinical expertise may help
to overcome this problem in some cases (e.g., chronic conditions are logically responsible for
lower quality of life, and not vice versa). Moreover, age effects may not be distinguished from
cohort effects. Longitudinal studies are needed to better understand these associations.
Multimorbidity research would benefit from standardized inclusion and conceptualization of
diseases [31,50]. In some other cases, the Expanded Diagnosis Clusters (EDC) adapted from
the ACG® system was used. This broad approach is more exhaustive but complex to conduct
outside clinical settings or in the case of poor integration of health care levels [37]. It is

known that studies assessing a similar number but different conditions make comparison
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difficult [50]. Furthermore, the choice of which chronic conditions are assessed is also
relevant as a higher number of included conditions logically results in a higher proportion of
multimorbidity [31]. In our case, the selection of conditions was done according to the
WHO's SAGE study, focusing on a limited number of highly prevalent conditions that
constitute major causes of disability. This methodology allows the work to be conducted
across countries. There is, however, a need in future studies to include diagnoses of other
common conditions known to have a considerable impact on health care resources, disability,
quality of life and mortality. According to the review by Prados-Torres et al, other diseases
may be included such as malignancies, congestive heart failure, anemia or dementia [47]. The
self-reported diagnoses and subjective assessments could bias the results compared with data
from clinical records but this effect would be minimal as an acceptable correlation between
self-reported and medical-record diagnosis has been found [348,349]. In the case of visual
assessment, we checked the kappa results for objective and subjective visual acuity to
confirm the differing behavior of the variables. Consequently, we checked this separately for
mental health and cognition since subjective feelings are also supposed to be strongly related
to those variables. Our study did not consider the progression and severity of conditions,
which would be advisable in future studies. For example, severe COPD cases may be related
to poorer health outcomes [350]. With respect to visual assessment, future studies should
include binocular measures of visual acuity and other visual tests (glare disability, contrast
sensitivity, etc.). Age selection could potentially skew results in the case of visual impairment,
since its prevalence increases with age. Thus, we performed sensitivity analysis with
participants over 65 years and compared them with our analysis (over 50 years), producing
similar results. Additionally, poorer results in cognitive functioning have been described in
patients with vision loss when the tests require vision tasks [351,352]. In our study, only
verbal memory tests included a reading part. If the respondents had reading difficulties, the
interviewer read the words aloud to minimize bias. In the analyses to assess the impact of
chronic conditions on disability and quality of life, specific pairs were considered according
to their high prevalence and high degree of interaction shown in the multimorbidity index.
Further studies should include other combinations to deepen knowledge of less common co-
occurring conditions [44]. There is a possibility that some respondents who did not take the
medication prescribed by their doctors stated that they were not receiving treatment and
were incorrectly classified as “not suffering from a specific disease”. This limitation is
minimized since the question was quite open “did you receive treatment...”, rather than
asking whether they were “taking the medication” and due to the inclusion of the symptoms

algorithm in most conditions. Moreover, our study did not include the medication list or the
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current number of medicines taken by the respondent. It would be useful to include this
information in future studies since polypharmacy may be related to considerable impact on
health in the elderly (morbidity, side effects, disability, etc.). Geopolitical context is another
limitation. Specific results for an individual condition may vary according to external factors
[353,354]. Financial crises may impact some results, such as the prevalence of mental
disorders. However, recent evidence suggests that health in Spain has continued to improve
during the first four years of the current economic recession, so it seems this bias would be
reduced [171,355].
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Conclusions

Multimorbidity is present in a large proportion of the Spanish older population,
especially in those aged over 50. The prevalence of multimorbidity reaches up to over
half and two thirds of men and women over 65 years respectively. Chronic conditions
tend to appear in certain multimorbidity patterns: “cardio-respiratory” (angina, asthma,
COPD), “mental-arthritis” (arthritis, anxiety, depression), “aggregate pattern” (angina,

cataract, hypertension, edentulism, diabetes, arthritis, stroke).

The number of chronic conditions is strongly associated with a diagnosis of depression

and anxiety.

With regard to the analysis of the impact of individual physical diseases on mental
health, a higher risk of depression is present in people with asthma, angina, COPD and

arthritis, whereas only angina is associated with anxiety.

Visual impairment is common in the Spanish older population. Stroke, arthritis and
diabetes are associated individually with worse distance visual acuity, while stroke is
associated with worse near visual acuity. The number of physical conditions is strongly

associated with worse distance and near visual acuity.

Subjective distance visual acuity problems are related to a higher risk of depression,
while no measure of visual acuity is associated with changes in the prevalence of anxiety.
All measures of visual impairment (distance/near and objective/subjective) are related

to impaired cognitive functioning.

All chronic conditions assessed (angina, anxiety, arthritis, asthma, cataract, COPD,
depression, diabetes, edentulism, stroke), except for hypertension, impact negatively on
disability and quality of life in the Spanish older population. Stroke and mental
disorders (depression, anxiety) are the conditions that most strongly impact on these
outcomes. Conditions with fewer symptoms (diabetes, edentulism, cataract) tend to
have a lower impact on health outcomes compared with those with more symptoms
(angina, COPD, arthritis). The number of chronic conditions impacts greatly both on

quality of life and disability.
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Conclusions

- Women have moderately poorer results in quality of life and disability than men.
Individually, some conditions appear only in men or in women. The effect of the

number of chronic conditions is important in both sexes.
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