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PREFACE

This thesis is presented as a set of original research articles published in
scientific journals, according to the current regulations on doctoral theses at the
Department of Experimental and Health Sciences of the Universitat Pompeu

Fabra approved in June 2001.

The thesis is mainly aimed at assessing whether or not there are gender
differences in the relationship between disability and mortality. In doing so the
methodological aspects of the survival analysis in ageing research have turned
into a key role. Therefore, it has been considered more appropriate to classify
the research articles as ‘thesis papers’ or ‘support papers’. The first ones are the
core papers focussing on the association between mortality and disability by
gender in which the leading author is the doctoral candidate; the latter ones
correspond to those research papers whose findings give an answer to some
relevant issues, that emerged at some stage in the development of this work and
mainly contributed to the elaboration of the second thesis paper. For that

reason, the thesis is mostly focused on the two core papers.

The thesis is structured in eight chapters. Chapter 1 provides an introduction to
two of the three key concepts in the development of this thesis: population
ageing and disability. Providing the context which the scientific question relies
on, and covering significant aspects of disability. Chapters 2 and 3 state the
rationale and the objectives of the research, respectively. Chapter 4 presents the
statistical methodology used in the thesis with special emphasis to the survival
analysis approach using counting processes, the third key concept, when dealing

with right-censored, left-truncated data, and time-dependent covariates. In
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chapter 5, the study sample is described by means of baseline and follow-up
characteristics with the purpose of giving the necessary background to the
reader to be able to set findings of the thesis. A summary of the results derived
from the validity analysis of the disability measure is also provided in this
chapter. Furthermore, it includes the thesis and support papers together with a
brief description of the main results of the thesis papers. In chapter 6, the
relevant findings of the research are presented and discussed in light of the
current knowledge. In chapter 7, the conclusions of this research are listed.
Bibliographic notes and comments are given as footnotes to facilitate the
reading, nevertheless all references are listed alphabetically in chapter 8. The
principal concepts of the counting process, an approach that has substantial

impact on the survival analysis methodology, are presented in the Appendix.

It is necessary to note that the time elapsed from the first to the last thesis paper
is quite long. This was mainly due to the existing rules, which do not allow
enrolling in a doctoral programme those students with a Bachelor degree.
Unfortunately, it was impossible to get a higher degree in Statistics at that time
because it didn’t exist; but the new university degree emerged at the Universitat
Politecnica de Catalunya in 1999-2000. Therefore, the real research period, that
began in 1994, was longer than the ones experienced by other doctoral
candidates, as a result I was able to be involved in other projects besides ageing
research during this period and cover other interesting topics. I also had the
opportunity to be a guest researcher at the University of Copenhagen, where I
learnt about counting processes, and to do MSc in Applied Statistics at Sheffield
Hallam University. In the end, it has been a long and enjoyable journey that has
allowed me to meet excellent people at the Institut Municipal d’Investigacid

Meédica (IMIM), and has been an unforgettable period of my life.
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SUMMARY

BACKGROUND

It is estimated that the spectacular growth of the elderly population will lead to
an increase in the number of old people with disabilities. This will result in an
important economic burden, since disability increases the risk for need of home
help, hospitalisation, nursing home admission and premature death. Despite the
fact that women experience a higher burden of morbidity and disability, men die

earlier; the reasons for such premature mortality are not entirely explained.

OBJECTIVES

This thesis evaluated the existence of gender differences in the relationship
between disability and mortality by using the disability life history and taking
into account other risk factors. To this end, the evolution of disability
prevalence over 8 years was assessed in a sample of non-institutionalised
elderly. Also, the use of age as time scale in the survival analyses for elderly

studies was examined.

METHODS

Data from the Health Interview Survey of Barcelona (HISB) in 1986 and the
oversample of subjects aged 65 years and older was used to evaluate the health
of non-institutionalised elderly population living in Barcelona (n=1,315). They
were then re-evaluated 8 years later to assess the evolution of their health and
functional status and the relationship between baseline factors and the
development of new conditions and mortality. Self-reported difficulty to

perform basic activities of daily living was used to assess disability. Survival
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analysis with delayed entry was formulated in the counting process framework
to study time from aged 65 years to death or exit from the study. The semi-
parametric Cox model with age as time scale and disability as time-dependent

variable was applied to mortality data by sex.

RESULTS

The proportion of subjects who were dependent or who had difficulties was
higher among women than men both at baseline (42% vs. 30%, respectively)
and at follow-up (60.0% vs. 48.7%, respectively). Disability status showed a
dynamic pattern over time, being the group of elderly people with difficulties at
baseline the most variable (only 20.0% among men and 30.2% among women
remained in the same disability category group after eight years of follow-up,
among those with follow-up information). Also, a subset of those who had some
degree of disability (‘difficulty’ or ‘dependency’) at baseline improved their
disability status (26.6 % for men, and 26.9% for women). The risk of mortality
associated with disability varied with gender and age. The adjusted relative risk
of dying for those with basic ADLs dependency ranged from 3.5 for women and
1.8 at age 80 for men, to 1.9 and 1.2, respectively, at age 90. Also,
multivariate analyses showed that a low body mass index (RR= 2.2), and either
former or current smoking (RR= 1.6 and 2.4, respectively) were independently

associated with mortality among elderly men.

Age as time scale facilitated the interpretation of the results derived from the
survival analysis since inferences were based on the ageing process instead of
time-on study. Thus, the graphical comparison of the survival function between
men and women could be performed by using just one figure. This was in

contraposition to the more elaborated approach when using time-on-study,

12
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where it is necessary to carry out several figures and join the different pieces of
the survival curves implementing an additional method. It was possible to
estimate more percentiles of the survival time, such as the second and third
quartiles for those subjects not disabled (16.9 and 22.5, respectively) that
couldn’t be obtained with the time-on-study scale. It also overcame the
confusing role of age since a substantial number of risk factors correlate with
age. The statistical models were more parsimonious since they avoided the
inclusion of interaction terms (i.e., age*time-on-study) due to the inherent
assumption of linearity between the independent variables and the outcome in
the semi-parametric Cox model. Although the results derived from both
approaches were similar in the multivariate context, the estimates were slightly
attenuated in the analysis of age as time scale, RR= 1.84 vs. 1.77 for males and
RR= 2.10 vs. 1.92 for females. This attenuation is most likely due to the fact

that adjustment by age was more tight using age as time scale.

CONCLUSIONS

In 8 years disability in the elderly evolves over time worsening with age, but a
non-negligible proportion of subjects are able to recover. There are gender
differences in the evolution of disability: women are less able to regain

functional capacity once they become disabled.

The strength of the association between disability and mortality also varies with
time among the elderly: the relative risk of dying for disabled elderly decreases
as they grow older. This association also varies with gender: dependent elderly
women show a higher risk of dying compared to men at any given age. The
results showed that smoking and a low body mass index are independent risk

factors of mortality among elderly men. This excess risk of smoking has been

13
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mainly attributed to cancers, heart and respiratory diseases. However, the
association between low weight and mortality is less consistent, on the one hand
it is likely to be a symptom of underlying diseases such as cancer or a poor
nutritional status, and on the other, it may reflect individuals who are physically

less active.

Health and social care policies focusing on disabled women should be
implemented, due to the higher proportion of disabled women than disabled
men, the lower probability of regaining functional capacity, and their higher

risk of dying compared to disabled men.

Age should be considered the natural time-scale for the survival analysis in the
elderly population. In doing so, the interpretation of the results is more
straightforward because the estimates get rid of the confounding effect of age,
the survival plots are then meaningful, and the risk factors are considered at the
age time that they were measured. Moreover, the available information of the
subjects is handled in a more efficient way allowing us to estimate more
percentiles. Also, the multivariate models are simpler because the proportional
hazards assumption of the semi-parametric Cox’s model does not hold for those
risk factors whose exposition tend to decrease with age, which are not rare in

the elderly population.

The dynamic nature of disability should be considered when designing studies to
capture its variations along the ageing process. To do so, longitudinal studies of
older people with periodical disability assessments should be performed.
Disability should be considered as a time-dependent variable to avoid possible

underestimations of its relationship with mortality.

14



Gender differences in the association between disability and mortality in the elderly

CHAPTER 1
INTRODUCTION
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1. Introduction

1.1. Population ageing

1.1.1. Demographic transition

World population is growing as a consequence of several factors such as
improvements in nutrition, in public health and hygiene, technology and medical
advances that yield a reduction of both mortality and fertility rates. This
phenomenon is known as the ‘Demographic transition’, the transition from a
society with high mortality and fertility rates to a society with increasing
longevity due to low mortality and fertility rates. At the beginning of this
process, a decline in the infant and childhood mortality rate is observed and
later on the fertility rate drops'. As a consequence, the population besides

growing also ages and life expectancy increases.

Population age structure depends mainly on three factors: fertility, mortality and
net migration levels. With the purpose of simplifying the description of
demographic transition the latter will be omitted®. As is shown in Figure 1, a
population can be in one of three demographic phases’®: a) early: where the age

structure follows a pyramid pattern, the weight of each age stratum of the

! Although there are a few exceptions in the reverse order, where the fertility declined first and
then the mortality rate as the United States and France.

* The effect of the migration levels on the population age structure is not well established. R.
Lee (2003) defined it as modest because the immigrants also get old and tend their fertility
rates to the ones of the receptor country. The United Nations is in agreement with this
argument unless the migration flows would be very large, i.e., millions anually.

> Other authors as R.P. Cincotta, R. Engelman and D. Anastasion (2003) describe the
demographic transition process with five consecutive phases: pre-transition, early-transition,
middle-transition, late-transition and post-transition. The pre-transition phase comprises the
major part of the human history, and none country is currently in this phase. The early-
transition will correspond with the early phase; a combination of the middle-transition and late
transition will be similar to the intermediate phase and the post-transition to the late phase.

17
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population being smaller than the subsequent one, overall a rapid population
growth characterise this phase, b) intermediate: where the middle-age stratum
groups have the largest weight on population and a slight asymmetry between
men and women is observed in the age pyramid, and c) late: where a
rectangular shape is observed, except in the oldest and youngest age stratums,
with an increase in the proportion of elderly population*, with women showing
the largest survival rates. It leads to population ageing and a possible population

reduction.

Figure 1: Age pyramids for early, intermediate and late phases of the demographic transition.

EARLY INTERMEDIATE LATE
>85 >85 >85
80 - 84 80 - 84 80 - 84
75-19 75 -19 75-179
70 - 74 70 - 74 70 - 74
65 - 69 65 - 69 65 - 69
60 - 64 60 - 64 60 - 64
55 -59 55 - 59 55 - 59 1
50-54 50 - 54 50- 54
45 - 49 45 - 49 [ 1 45 - 49
40 - 44 40 - 44 L ] 40 - 44
35 -3 35-39 | ] 35-39
0 - 34 30 - 34 T ; 30 - 34
25-29 25-29 T T 25-29
20-24 [ 1 20-24 I | 20-24
15-19 [ 1 15-19 15-19
10- 14 [ 1 10 - 14 10- 14
5-9 I 1 5-9 5-9
0-4 [ 1 0-4 0-4
Males Females Males Females Males Females

However, there are marked differences in how far countries have progressed all
along the demographic transition. While the transition began in Europe in 1800
and expanded around the world’, in most Asian, Caribbean and Latin American
countries the infant and childhood mortality rate did not decrease until the early
to mid 20" century. Industrialized countries, the ones in a late phase, are
experiencing further reductions in mortality rates as a result of a decrease in

fatality rates of some illnesses such as cancer and heart disease and

* Elderly population is defined as those subjects aged 65 years old or over.
> Lee R. The demographic transition: three centuries of fundamental change. Journal of
Economic Perspectives 2003;17:167-90.

18
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improvements in living conditions®. In contrast, the countries with more delay
in the transition are experiencing a more rapid decline in mortality than was
observed in industrialized countries before, although not without difficulties.
Indeed, the mortality trend has been modified by the HIV/AIDS epidemic in

some countries, especially those belonging to sub-Saharan Africa’.

The fertility rate started to decrease in Europe in the first decade of the 20™
century and in most Asian, Caribbean and Latin American countries this
decrease took place in the 1960s and 1970s®. In 2000, the fertility rate was
below the replacement rate (2.1 children per woman) in the majority of
industrialized countries, and in some Asiatic countries other than Japan

(Singapore 1.2, South Korea 1.7, China 1.8, Thailand 1.9 and Sri Lanka 2.0)°.

The behaviour of mortality and fertility rates is leading the world population to
an unprecedented ageing process. Among the 25 countries'® with the largest
proportion of elderly population in 2000, only one does not belong to Europe
(Japan). The list is headed by Italy (18.1%) while Spain is in 5™ position
(16.9%), and the United States is not included due to its moderate proportion

(13%) compared to most industrialized countries.

® Riley J.C. Rising life expectancy: a global history. Cambridge;Cambridge University Press:
New York, 2001. Quoted in page 171 of Lee R. The demographic transition: three centuries
of fundamental change. Journal of Economic Perspectives 2003;17:167-90.

" Cincotta R.P., Engelman R. and Anastasion D. The Security Demographic. In: Population
and civil conflict after the cold war. Population Action International: Washington, 2003: pp.
24-41.

¥ Cincotta R.P., Engelman R. and Anastasion D. The Security Demographic. Population and
civil conflict after the cold war. In: Population Action International: Washington, 2003: pp.
24-41.

® Kinsella K. and Velkoff V.A. U.S. Census Bureau, Series P95/01-1, An Aging World:
2001, U.S. Government Printing Office, Washington, DC, 2001.

' The list is composed by world’s major nations, so small areas as Monaco were omitted.

19
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Among the elderly population, the eldest (=80 years) are the fastest growing of
all population groups. In 2000, more than half of them lived in China, the
United States, India, Japan, Germany and Russia'’. It has been estimated that, in
general, the number of elderly people aged from 90 to 99 years will rise from
the current 8 million to 60 million by 2050, whereas the number of centenarians
will increase from 190,000 to 2.5 million'?. It is worth mentioning that although
industrialized countries have the highest proportion of elderly population;
around sixty percent of the world’s elderly lived in developing countries in
2000. It is precisely in these countries where there are more room to grow,
projections describe an increase in the elderly population of up to seventy one

percent by 20305,

The effects of the demographic change described above can be illustrated in the
trend of life expectancy at birth and at the age of 65 in six European countries
(Denmark, France, Italy, Spain, Sweden and United Kingdom) using data from

Eurostat' and comparing them with those from the United States and Japan.

Continuing gains in life expectancy at birth have been experienced in both
females and males from 1950 to the present, see Figures 2 and 3. A sustained
sex differential in life expectancy at birth is observed along time in the 4.7-7.4
year range in 2000. Also, a rise in life expectancy at age 65 is observed in both

sexes, see Figure 4. An average gap of around 3 years between the sexes in

! Kinsella K. and Velkoff V.A. U.S. Census Bureau, Series P95/01-1, An Aging World:
2001, U.S. Government Printing Office, Washington, DC, 2001.

2 Kalache A., Aboderin 1. and Hoskins I. Compression of morbidity and active aging: key
priorities for public health policy in the 21st century. Bull World Health Organ 2002;80:243-
4.

" Kinsella K. and Velkoff V.A. U.S. Census Bureau, Series P95/01-1, An Aging World:
2001, U.S. Government Printing Office, Washington, DC, 2001.

' Statistical office of the European Communities.
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favour of females is observed in 2000 with the exception of France that
increased up to 4.5 years. This pattern of life expectancy is consistent with the
observed low rates of infant and children mortality, since it implies that the
decline in mortality can only come from a reduction of the mortality in the

eldest group.

Figure 2: Life expectancy by time period. Females.
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The behaviour of the United States and Japan is similar to that observed in the
selected European countries. Although, life expectancy in the United States
from 1980 to 2003 is among the lowest and life expectancy in Japan is always

the highest over this period with the exception of Sweden in 2003 for females.

21



Gender differences in the association between disability and mortality in the elderly

Figure 3: Life expectancy by time period. Males.
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In Spain, life expectancy increased by 26.6 and 28.3 percent, respectively, in
males and females. That is, from 59.8 to 75.7 years in males and from 64.3 to
82.5 years in females between 1950 and 2000. In addition, the average number
of years remaining at 65 years also augmented by 39.8 and 51.1 percent in
males and females, respectively, between 1950 and 2000. In the same time
period, the former European Union (EU) compounded by 15 countries
experienced an increase from 67.4 to 75.5 years (12.0%) in males and from
72.9 to 81.4 years in females (11.7%). These figures'® decrease slightly with
the incorporation of the additional 10 countries that currently make up the EU,
being from 67.1 to 74.4 years (10.9%) in males and from 72.6 to 80.8 years in
females (11.3%).
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Figure 4: Life expectancy at 65 years old by gender and time period.
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Data from the ‘Institut d’Estadistica de Catalunya’ show how life expectancy
has also increased in Catalonia by around 2 years in the decade from 1992 to
2002 in both sexes, being similar to the pattern in Spain according to data from

the ‘Instituto Nacional de Estadistica’ (see Table 1).

Table 1: Evolution of life expectancy in Catalonia and Spain (1992-2002).

1992 1995 2000 2002
Males | Females | Males | Females | Males | Females | Males | Females
Catalonia’ 74.0 81.4 74.8 82.2 76.5 83.2 76.9 83.4
Spain® 73.8 81.1 74.4 81.6 75.7 82.5 75.7 83.1

! Departament de Salut de la Generalitat de Catalunya.
2 Instituto Nacional de Estadistica.

In addition, the number of people over 65 years old has also grown. The elderly
accounted for 12.4% of the overall Catalan population in 1990, but this figure
increased steadily until 2000 where it seemed to level off at around 17.7% from
2000-2003 (see Figure 5). This change in the age structure of the Catalan

population is reflected in the increasing average age of the whole population

"> The values for the current European Union (25 countries) have been estimated by Eurostat.
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from 34.2 years in 1981 to 40.8 years in 2002, as well as the ageing index'®
from 44.0% in 1981 to 123.7% in 2002.

Figure 5: People aged over 65 years old as the percentage of the total population of Catalonia.
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1.1.2. Theories about the population health status changes due to ageing

There is controversy about whether population ageing will imply a change in
overall health status. In the following sections, the principal theories about
population health change are presented. However, to understand the health
changes in the elderly population, it is important to note that there are normal
age-related changes in the organism, which are being approached by the
Theories of Ageing (genetic'’, cellular'®, problems in homeostasis'®, and ‘wear

and tear’® theories, among others) and are out of the scope of this thesis.

' Individuals aged 65 years or over per 100 individuals younger than 15 years old.

7 Among other genetic theories, it has been argued that the number of times that a cell can
replicate without error is limited and there may be a relationship between the number of cell
replications and lifespan. Hayflick L. How and why we age. Ballantine Books. New York.
1996.

'8 The free radical theory is one of the leading cellular theories. The free radicals are produced
during the oxidation process within cells. The theory states that the cell damage increases with
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In general, it must be considered that human ageing is a process that involves
biological changes that occur with age (e.g., decline in cellular activity). An
additional aspect that should be highlighted is the existence of a high variability
between elderly people: some individuals are disabled in their 70’s, while others

are able to run marathons at the same age.

1.1.2.1. Compression of morbidity

When presenting his Compression of Morbidity theory in 1980, J.M. Fries
postulated that, at the population level, the disability state will be compressed in
a shorter period in the later stages of life?*****, That is, an increase in life
expectancy will be associated with a diminution of disability. The theory is
based on the following assumptions®: a) the increase in life expectancy will be
smaller than the postponed onset of disability, b) the capacity to postpone or
avoid disability by preventive activities, and c¢) the increase in survival as a

result of removing life-threatening conditions will not counterbalance the gains

age as more free radicals are generated in the cell. Sohal S.S. and Weindruch R. Oxidative
stress, caloric restriction, and aging. Science 1996;273:63-7.

 The homeostatis maintains intra and extracellular environmental conditions, such as
temperature, pH balance, and heart rate, among others. There is evidence that it is more
difficult to sustain homeostatis as people age. Taffett G.E. Age-related physiologic changes.
In: Reuben D.B., Yoshikawa T.T. and Besdine R.W. (eds.). Geriatrics review syllabus.
Kendall/Hunt. Dubuke. 1996.

* The theory proposes that the organism wears out after extended use.

2! Pries J.F. Aging, natural death, and the compression of morbidity. N Engl J Med
1980;303:130-5.

2 Fries J.F. The compression of morbidity. Milbank Mem Fund Q Health Soc 1983;61:397-
419.

3 Fries J.F. Compression of morbidity in the elderly. Vaccine 2000;18:1584-9.

** Fries J.F. Measuring and monitoring success in compressing morbidity. Ann Intern Med
2003;139:455-9.

» Kane R.L., Evans J.G. and Macfadyen D. Improving the health of older people. A world
view. Oxford University Press on behalf of the World Health Orgatization. New York. 1990.
Chapter 4 ‘Compression of morbidity: issues and irrelevancies’. Kane R.L., Radosevich D.M.
and Vaupel J.W.
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achieved by this elimination. As shown in the scenario D of Figure 6,
Compression of Morbidity will imply a deferred onset of morbidity from 55 to
65 years in the illustration, while longevity will increase from 76 to 78 years.
Thus, the gain in the postponement of morbidity is larger than the gain in life
expectancy, yielding as a result a compression of the period of time with

morbidity.

The policy implication of this rather optimistic theory is that health resources

should be shifted to the later stages of life and for a shorter period of time.

Figure 6: Current status and three possible scenarios for future morbidity and mortality.

Morbidity Death
Present Morbidity ‘
A
55 years 76 years
Life extension ‘
|
B |
55 years 80 years
Shift to the right ‘
|
C |
60 years 81 years
D Compression of Morbidity ‘
|

65 years 78 years

Source: Adapted from Fries J.F. (2003)%.

* Fries J.F. Measuring and monitoring success in compressing morbidity. Ann Intern Med
2003;139:455-9.
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1.1.2.2. Expansion of morbidity
E.M. Gruenberg (1977)*” and M. Kramer (1980)*® introduced the Expansion of

Morbidity theory also known as the Failure of Success theory. They postulated
that the gain in years lived as a result of the increase in life expectancy, would
be spent in a poorer health condition because the life being extended is that of
individuals with disease and disability. As illustrated in the scenario B (Figure
6), if the age at death is postponed (from 76 to 80 years old) but the age of
onset of morbidity remains constant (55 years old) then the period of time with
morbidity will increase. Under this pessimistic theory, the demand for health

resources will rise dramatically due to the expansion for morbidity.

1.1.2.3. Dynamic equilibrium

K.G. Manton (1982)* proposed a theory that contains elements from both the
compression and expansion theories. In this one, the decrease in mortality rates
will come from a reduction in the rate of chronic disease evolution. According
to this approach, the number of years lived with disability will increase but the
severity of the disability will decrease. Thus, the period of life with severe
illnesses or disability will decrease or stabilise, whereas the period with
moderate illnesses or disability will increase leading all together to a dynamic

equilibrium.

7 Gruenberg E.M. The failures of success. Milbank Mem Fund Q Health Soc 1977;55:3-24.

* Kramer M. The rising pandemic of mental disorders and associated chronic diseases and
disabilities. Acta Psychiatrica Scandinavica 1980;62:282-97.

¥ Manton K.G. Changing concepts of morbidity and mortality in the elderly population.
Milbank Mem Fund Q Health Soc 1982;60:183-244.
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1.1.2.4. General theory of population ageing
Recently, J.P. Michel and J.M. Robine (2004)**3! proposed the basis for a new

theory that comprises the ‘Compression of morbidity’, ‘Expansion of morbidity’
and ‘Dynamic equilibrium’ theories in an attempt to explain the current
contradictory findings on chronic conditions, disability and functional
limitations research taking into account the demographic change.

The theory relies on a cyclical movement: The decline in mortality at old ages
in the demographic transition leads to the possibility of sick people surviving
into old age supporting the ‘Expansion of morbidity’ because the prevalence of
chronic conditions and disability rates increases. Then, medical improvements
slow down the evolution of chronic conditions achieving certain equilibrium
thus supporting the ‘Dynamic equilibrium’ theory. Afterwards, a new status will
follow where new cohorts enter into the elderly process. Given that these people
will be healthier due to predominantly better health habits and living conditions,
then the ‘Compression of Morbidity’ will apply at this stage. Finally, the
emergence of very old populations will imply the need to deal with frail people
burdened by multiple chronic diseases in their last years of life. Therefore, the
scenario about population ageing will vary depending on the demographic

transition phase where the country is positioned.

1.1.2.5. Current situation

Apart from the recent General Theory of Population Ageing still under

discussion, to date there is no conclusive evidence about the true health status

% Robine J.M. and Michel J.P. Looking forward to a general theory on population aging. J
Gerontol Med Sci 2004;59A:M590-M597.

3! Michel J.P. and Robine J.M. A new general theory of population aging. The Geneva papers
on risk and insurance 2004;29:667-78.
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change, although the current dominant view is that an initial Compression of
morbidity will be followed by a Dynamic Equilibrium in industrialised
countries, there is, however, no sign of compression of morbidity in developing

countries>?.

J.F. Fries stated that some compression of comorbidity has occurred during the
last 20 years® and is being experienced nowadays in the population of the
United States®*: the U.S. elderly adult mortality decline is about 1% per year
and the disability decline about 2% per year”. K.G. Manton and

36.37.38.39 showed a decrease of chronic diseases and disability over

colleagues
time using data from the National Long Term Surveys (NLTS)*. B.H. Singer
and K.G. Manton estimated that a 1.5% decline in chronic disability per year
within the period 1995-2070 would be possible if the correct health polices were

applied (appropriate public health programs and increasing biomedical research

32 Kalache A., Aboderin I. and Hoskins I. Compression of morbidity and active aging: key
priorities for public health policy in the 21st century. Bull World Health Organ 2002;80:243-
4,

¥ Fries J.F. Compression of morbidity in the elderly. Vaccine 2000;18:1584-9.

** Fries J.F. Measuring and monitoring success in compressing morbidity. Ann Intern Med
2003;139:455-9.

* Fries J.F. Reducing disability in older age. JAMA 2002;288:3164-6.

% Manton K.G., Corder L.S. and Stallard E. Estimates of change in chronic disability and
institutional incidence and prevalence rates in the U.S. elderly population from the 1982,1984,
and 1989 National Long Term Care Survey. J Gerontol Soc Sci 1993;48:S153-S166.

7 Manton K.G.,Corder L.S. and Stallard E. Chronic disability trends in elderly United States
populations: 1982-1994. Proc Natl Acad Sci USA 1997;94:2593-98.

* Manton K.G., Stallard E. and Corder L.S. The dynamics of dimensions of age-related
disability 1982 to 1994 in the U.S. elderly population. J Gerontol Bio Sci 1998;53:B59-B70.

¥ Manton K.G. and Gu X. Changes in the prevalence of chronic disability in the United States
black and nonblack population above age 65 from 1982 to 1999. Proc Natl Acad Sci USA
2001;98:6354-9.

“ National representative longitudinal surveys from U.S. population.
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investments)*'. Using data from the National Institute on Ageing Established
Populations for Epidemiological Studies of the Elderly, L.A. Beckett et al.*
showed a decline in physical function (Katz ADL scale, Nagi scale and the
Rosow-Breslau Functional scale) that increased with age. V.A. Freedman and
L.G. Martin*also observed declines from 1984 to 1993 in the prevalence of
difficulty in four functions (seeing, lifting and carrying, climbing and walking)
among participants in the U.S. Bureau of the Census’s Survey of Income and
Program Participation. Recently, V.A. Freedman, L.G. Martin and R.F. Shoeni
(2002)* conducted a systematic review of studies about self-reported disability
and functioning among older adults in the United States that were performed in
the late 1980s and early 1990s. The authors concluded, based on 8 studies, that
there was a decrease in the prevalence of any disability during the 1990s.
However, contradictory results were available about the trend in Activities of
Daily Living (BADLs) in contraposition to the clear decline pattern observed in

the Instrumental Activities of Daily Living (IADLs)*.

Nevertheless, the postponement of morbidity could be larger if health policies
focus on diminishing/eliminating unhealthy behavioural factors, such as
smoking, sedentary lifestyle, and diet (specially saturated fat) since they are

among the major contributors to chronic diseases. Findings from the University

*l Singer B.H. and Manton K.G.The effects of health changes on projections of health service
needs for the elderly population of the United States. Proc Natl Acad Sci USA 1998;95:15618-
22,

“ Beckett L.A., Brock D.B., Lemke J.H., Mendes de Leon C.F., Guralnik J.M., Fillenbaum
G.G., Branch L.G., Wetle T.T. and Evans D.A. Analysis of change in self-reported physical
function among older persons in four population studies. Am J Epidemiol 1996;143:766-78.

“ Freedman V.A. and Martin L.G. Understanding trends in functional limitations among older
Americans. Am J Public Health 1998;88:1457-62.

* Freedman V.A., Martin L.G. and Shoeni R.F. Recent trends in disability and functioning
among older adults in the United States. A systematic review. JAMA 2002;288:3137-46.

* The reader is derived to section 1.2.2 for a definition of BADLSs and IADLs.
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of Pennsylvania Study*® and the Precursors of Arthritis Study*’ support this fact
by showing that subjects with healthier habits were associated with lower rates
of disability and that the onset of disability emerged at an older age.

A widespread implementation of the use of health expectancy indicators*, that
combine information from current health status (quality) and remaining life
(quantity), will help monitor the evolution of population health and clarify

whether or not the aforementioned theories are correct.

1.1.3. Implications on health, social and economical systems

Increased longevity can be considered a success and a sign of progress.
However, this demographic change has an impact on public expenditure,
particularly health care systems and social (pension) care costs: those increased
costs are more importantly due to the change in the age structure of the
population than the population growth itself. There are two major issues: the
population of working age has shrunk and the elderly population has grown.
Those societies with a large proportion of elderly people are likely to devote a
high proportion of resources to their care, which may inhibit economic growth
since there are not enough individuals in the working age group to support it,

challenging the sustainability of welfare states.

Some economists have expressed their concern that the population ageing

together with inefficient public policies may jeopardise long-term growth®.

“ Vita A.J., Terry R.B., Hubert H.B. and Fries J.F. Aging, health risks and cumulative
disability. N. Engl J] Med 1998;338:1035-41.

“7 Fries J.F., Singh G, Morfeld D, Hubert H.B., Lane N.E. and Brown B.W. Running and the
development of disability with age. Ann Intern Med 1994;121:502-9.

“* Among the health expectancy indicators are found the Health-Adjusted Life Expectancy
(HALESs) and Disability-Adjusted Life Expectancy (DALE?s).

* Palacios R. The future of global aging. Int J Epidemiol 2002;31:786-91.
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They point out two reasons to support their position: first, personal savings of
the elderly may diminish since people may rely either on the public pension
system or on their descendents; provoking both a burden on the working age
population directly by means of family transfers or indirectly by means of taxes
and secondly, the decrease in productivity in industrialized countries due to
reduced labour working years, mainly in the stratum of males aged between 55
and 64 years. In Catalonia, for instance, 8,130 out of the 8,700 million Euros
devoted to the ageing population in 2000 (excluding health services) were
devoted to pensions. The economic resources used for pensions have doubled in

the 1990-2000 period™.

In Europe there are differing approaches to pension regimens, while some
countries combine basic social insurance with pay-as-you-go (PAYG) in which
people currently working support retired individuals, others prefer privatisation
and funding’’. The first system fails when successive generations are of
different sizes, whereas the second one may put people from lower socio-

economic levels at risk.

A positive discrimination towards women should be evaluated because women
live longer and are less likely to have full contribution records in employment.
Therefore, they are more likely than men to not receive complete pensions and
to be poor at old age. Moreover, if we consider the existing gender inequalities
in salary income during the working years, women should be targeted in public

policies.

* Data from the Institut d’Estadistica de Catalunya.
>! Walker A. Aging in Europe: policies in harmony or discord?. Int J Epidemiol;31:758-61.
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Another aspect to be considered is the growing contribution of women in the
labour force that has changed traditional values, which ensured that ‘women
will cope with the care of elderly’. In addition, fertility rates have dropped and
family size has diminished; therefore the number of potential informal carers
has also been reduced. In our country, the number of children per woman has
dropped from 2.80 in 1975 to 1.27 in 2002 in Spain®* (2.86 in 1975 to 1.33 in
2002 in Catalonia®®). As a consequence, the family-based care system needs to
be revised, especially if we consider that family structure has varied in recent
decades (due to factors such as the rise in the divorce rates, the number of
people living alone, among others). Therefore, social policies need to be

updated or transformed to face this situation.

The evolution of health spending will depend on whether or not morbidity will
decline in relation with mortality. The gain life expectancy by diminishing
mortality rates may also imply an increase in the number of disabled elderly
people. Alternatively, the functional status of elderly people may be good, with
a resulting gain in healthy years. The chances of increasing the proportion of
disabled people were discussed in section 1.1.2. Beyond the disability rate, the
fall in the mortality rates may imply that other diseases that may be more costly
in terms of care are replacing some diseases. For instance, Alzheimer’s disease
may replace heart diseases, as a consequence of the competing mortality
behaviour. Those individuals who have not died from a previous disease due to
medical improvements are then susceptible to suffer a more demanding (in

terms of health care) disease.

52 Data from the Instituto Nacional de Estadistica.
> Data from the Institut d’Estadistica de Catalunya.
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In relation to the use of hospital resources, a previous study>* describes that it
was 4.5 times higher in those subjects aged between 65 and 74 years old than in
those aged between 5 and 54 years old, and it increased up to 6 times for the
age stratum of individuals older than 74 years old in our setting. Concerning
drugs expenditure, pensioners consumed 10 times more than the remaining
population in our setting™. In 2000, 77.4% and 78.0% of the pharmaceutical
expenses came from pensioners (who may include people below 65 years) in

Spain and Catalonia, respectively™.

Some strategies adopted by European policymakers to preserve economic
growth are: to accept a larger influx of immigrants, extend the retirement age
and incorporate more women into the labour market by trying to make it
compatible with their family activities”’ (including direct economic incentives
for additional children). In contrast, Japan replaces low-skilled jobs with
technology, and out- sources less innovative, labour-intensive industries

overseas and increases its investment in research and development™.

> Casado D. and Lopez G. Vellesa, dependéncia i atencions de llarga durada. Situaci6 actual i
perspectives de futur, Col-leccié d’estudis socials, num. 6. Fundaci6é La Caixa, 2001, page 12.
% Casado D. and Lopez G. Vellesa, dependéncia i atencions de llarga durada. Situaci6 actual i
perspectives de futur, Col-leccié d’estudis socials, num. 6. Fundaci6é La Caixa, 2001, page 12.
% Abellan A. Longevidad y estado de salud. In: Las personas mayores en Espafa.Informe
2002.Volumen I, Ministerio de Trabajo y Asuntos Sociales, 2002, page 113.

*7 Cincotta R.P., Engelman R. and Anastasion D. The Security Demographic. In: Population
and civil conflict after the cold war. Population Action International: Washington, 2003: pp.
24-41.

* Cincotta R.P., Engelman R. and Anastasion D. The Security Demographic. In: Population
and civil conflict after the cold war. Population Action International: Washington, 2003: pp.
24-41.
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1.2. Disability

1.2.1. Conceptual framework

In order to understand and evaluate disability, it is important to have an
understanding of the progression ending with a loss of functionality.
Unfortunately, there is no consensus and differing viewpoints of the underlying
frameworks of disability exist. Indeed, the magnitude of such confusion is so
significant that the same terms may have different meanings depending on the

conceptual framework.

The present work is based on the model proposed by L.M. Verbrugge and
A.M. Jette® called the Disablement Process. It is a development of the initial

model conceived by the sociologist S.Z. Nagi®®¢!:62,

Other frameworks to
describe the disability process include the International Classification of
Impairments, Disabilities and Handicaps (ICIDH) and its current revision the
International Classification of Functioning, Disability and Health (ICF). The
three major disability frameworks, as well as the definition of the term disability

under each conceptual framework, are discussed below.

Nagi’s model, developed in 1965, attempted to incorporate social and physical
environment aspects into the medical perspective of disability. Disability is seen

as a gap between a person’s capabilities and the demands of the social and

* Verbrugge L.M. and Jette A.M. The disablement process. Soc Sci Med 1994;38:1-14.

% Nagi S.Z. Some conceptual issues in disability and rehabilitation. In:Sussman M.B. (ed).
Sociology and rehabiliation. Washington D.C. American Sociological Association,1965: pp.
110-13.

6! Nagi S.Z. An epidemiology of disability among adults in the United States. Milbank Mem
Fund Q Health Soc 1976;54:439-67.

% Nagi S.Z. Disability concepts revisited: implications for prevention. In Disability in
America: toward a National agenda for prevention. Institute of Medicine, National Academy
Press, Washington, DC, 1991: pp. 309-27.
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physical environment that causes cessation or restriction in performing the
activities of daily living. Therefore, disability is not intrinsic to a person but
reflects the interaction between the individual and her/his environment. It
follows that an individual limitation may lead to different patterns of disability
or no-disability at all, depending on how the subject experiences a situation and
reacts to it within their environment, and how others (for example relatives and
friends,) view such a situation. For instance, a decrease in visual acuity may
disable a pilot because he/she will be unable to operate a plane. However, the
same impairment may not have any major limitation on a lawyer to perform
her/his activities. Further, a distinction between intrinsic and actual disability is
made. The first refers to disability when the individual has no access to
assistance (personal or equipment) and the second, when such assistance is
available.

163

Nagi’s disability model™ is based on four related concepts that compound the
main pathway: pathology, impairment, functional limitation and disability in
performing social roles and activities, see Figure 7. Nagi defined the first three
terms as®: a) pathology: the interruption of normal cellular processes and the
efforts of the organism to regain a normal state, b) impairment: anatomical,
physiological, intellectual or emotional loss or abnormality at the tissue, organ,

and body system level, c) functional limitations: restrictions in the basic

physical or cognitive performance of the person.

% Nagi S.Z. Disability concepts revisited: implications for prevention. In Disability in
America: toward a National agenda for prevention. Institute of Medicine, National Academy
Press, Washington, DC, 1991: pp. 309-27.
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Figure 7: Nagi’s disability model (1965).

PATHOLOGY = IMPAIRMENT = FUNCTIONAL LIMITATION = DISABILITY

L.M. Verbrugge and A.M. Jette® extended Nagi’s model to include a complete
sociomedical perspective taking into account personal and environmental factors
that influence the evolution of the disablement process, see Figure 8. The model
emphasizes the dynamic aspect of disablement focusing on the process itself that
leads to disability, that is, the factors that affect its evolution over time
(direction, pace and pattern of change). The extraindividual factors,
predisposing risk factors and intraindividual factors may modify the relationship

of the four concepts in the main pathway.

% Jette A.M. and Keysor J.J. Disability models: implications for arthritis exercise and physical
activity interventions. Arthritis Rheum 2003;49:114-20.
% Verbrugge L.M. and Jette A.M. The disablement process. Soc Sci Med 1994;38:1-14.
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Figure 8: The disablement process (1994).
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(personal assistance, special equipment and devices, standby assistance/super vision, day care, respire care, meals-on-wheels)
BUILT, PHYSICAL AND SOCIAL ENVIRONMENT

(structural modifications at job/home, access to buildings and to public transportation, improvement of air quality, reduction
of noise and glare, health insurance and access to medical care, laws and regulations, employment discrimination, etc)

}

THE MAIN PATHWAY

PATHOLOGY IMPAIRMENTS FUNCTIONAL LIMITATIONS DISABILITY

(diagnosis of disease, (dysfunctions and structural (restrictions in basic physical (difficulties doing activities of

injury, abnormalities in specific body  and mental actions, ambulate, daily life:job, household,

congenital/development  systems:musculoskeletal, reach stoop, climb stairs, management, personal care,

condition) cardiovascular, neurological produce intelligible speech, hobbies, active recreation,
etc.) see standard print, etc.) clubs, socializing with friends,

and kin, childcare, errands,
sleep, trips, etc.)

RISK FACTORS INTRA-INDIVIDUAL FACTORS

(predisposing characteristics,

demographic, social, lifestyle, LIFESTYLE AND BEHAVIOR CHANGES
behavioural, psychological (overt changes to alter disease activity and impact)
environmental, biological) PSYCHOSOCIAL ATTRIBUTES AND COPING

(positive affect, emotional vigour, prayers, locus of control, cognitive
adaptation to one’s situation, confidant, peer support groups, etc.)
ACTIVITY ACCOMMODATIONS

(changes in kinds of activities, procedures for doing them,

frequency or length of time doing them)

Source: Adapted from Verbrugge L.M. and Jette A.M.(1994)%.

In 1980 the World Health Organisation (WHOQO) proposed a theoretical
framework to describe the sequence from disease/disorder to impairment,
disability and handicap named International Classification of Impairments,
Disabilities and Handicaps (ICIDH). The WHO developed the ICIDH focusing
on disability in contrast to the available tool, the International Classification of
Diseases (ICD), a system for coding diseases and health conditions from a

medical perspective.
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The ICIDH was aimed at describing the impact of disease/disorder on
functioning. It describes a process that starts with an underlying cause, which
results in an impairment that may produce disability, and may end in a

handicap, see Figure 9.

Figure 9: The International Classification of Impairments, Disabilities and

Handicaps model (ICIDH), (1980).

DISEASE
or = IMPAIRMENTS = DISABILITIES = HANDICAPS

DISORDER

It is not mandatory that a subject will complete the whole pathway, that is,
disability does not necessarily evolve into handicap, or impairment into
disability; in this sense they are relatively independent concepts. Impairment
refers to an organ level, disability to a personal level and handicap to a social
level. Impairment is defined as any loss or abnormality of physiological,
psychological or anatomical structural or function. Disability is viewed as a
restriction in the ability to perform an activity considered as ‘normal’ due to
impairment. Handicap is seen as a disadvantage that limits the ‘normal’ role of

the individual.

This approach raised some controversies such as: being too medically-oriented,
ignoring the social and the psychological dimensions; the negative connotation
of the term ‘handicap’; assuming a linear casual connection between impairment
to handicaps; omitting environmental factors; and being too complex from an

operational point of view to distinguish unequivocally the three concepts.

% Verbrugge L.M. and Jette A.M. The disablement process. Soc Sci Med 1994;38:1-14.
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The ICDIH model in comparison with Nagi’s disablement model presents some
similarities in the definition of the four concepts. The disease and impairment
terms in the ICDIH model are comparable to the pathology and impairment
terms in Nagi’s model. Whereas, the concepts of disability and handicap may be

comparable to functional limitation and disability, respectively®’.

In 2001, the WHO presented a revision of the classification in response to the
ICIDH’s criticism®: the International Classification of Functioning, Disability
and Health (ICF)®, see Figure 10. The new conceptual framework for health
and disability was originated by putting major emphasis on health and
functioning instead of disability as they did in the past, ICF focuses on
‘components of health as human functioning’ instead of ‘disabilities as
consequences of disease’. The criticism about the linear link between
impairment, disability and handicap is sorted out by the inclusion of bi-

directional arrows, which allow all the components to be connected.

The ICF has a broader coverage than its predecessor, and allows its use in
different sectors, besides health research and clinical setting, for example in

insurance, economics, and education, among others.

 Pope A.M. and Tarlov A.R. (eds). A model for disability and disability prevention. In:
Disability in America: toward a National agenda for prevention. Institute of Medicine,
National Academy Press, Washington, DC, 1991: pp.76-108.

68 Before the release of the ICF model, WHO also developed a new version of the ICIDH
model in 1997; it was called ICIDH-2 and took into consideration participation and
environmental factors.

% World Health Organisation. ICF Introduction. Accessed on February 2005. URL:
www3.who.int/icf/intros/ICF-Eng-Intro.pdf.
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Figure 10: The International Classification of Functioning, Disability and

Health model (ICF), (2001).
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Source: Adapted from WHO™.

Instead of describing impairment, disability, and handicap, the ICF describes
body structure, functioning, activities and participation. The goal of this
approach was to focus on health components instead of disease consequences,
classifying the status of a person in an array of health or health-related
domains”. The definitions of the key terms used in the ICF framework are

displayed in Table 2.

" World Health Organisation. Towards a common language for functioning, disability and
health ICF. Geneva 2002. Accessed on February 2005. URL:
www3.who.int/icf/beginners/bg.pdf.

"' Health domains are vision, hearing, speech, digestion, bodily excretion, fertility, sexual
activity, skin and disfigurement, breathing, pain, affect, sleep, energy/vitality, cognition,
communication, mobility and dexterity. Health-related domains are: self-care (including
eating), usual activities (household and work or school activities), social functioning
(interpersonal  relations), and  participation  (societal  participation  including
discrimination/stigma).
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Table 2: ICF definitions in the context of health.

Body functions: physiological functions of body systems (including psychological
functions)

example: seeing

Body structures: anatomical parts of the body such as organs, limbs and their components
example: eye and related structures

Impairments: problems in body function or structure such as significant deviation or loss
example: loss of vision

Activity: execution of a task or action by an individual
example: reading

Participation: involvement in a life situation
example: reading performance

Activity limitations: difficulties an individual may experience in involvement in life
situations
example: attend the University without the use of any assistance

Environmental factors: make up the physical, social and attitudinal environment in which
people live and conduct their lives
example: light or transportation services

Source: Adapted from ‘ICF introduction’”.

The ICF follows a hierarchical structure. In the first level two parts are
differentiated, then each part has two components and each component is made
up of domains and then categories. As is shown in Table 3, the two parts are: a)
functioning and disability and b) contextual factors. The first part contains two
components: body functions and structures (changes in body function and body
structure), and activities and participation (capacity and performance), it
measures what a person with a specific health condition can do in a standard
environment and what they can actually do in their usual environment. The
components of the second part are environmental factors (barriers and
facilitators) and personal factors. Environmental factors include social norms,
cultural and political factors, among others, whereas personal factors refer to
characteristics of the individual such as gender, age, education, other health

conditions, coping style and social background, among others. Therefore, the

> World Health Organisation. ICF Introduction. Accessed on February 2005. URL:
www3.who.int/icf/intros/ICF-Eng-Intro.pdf.

42



Gender differences in the association between disability and mortality in the elderly

person’s functioning and disability comes from the interaction between health
conditions and contextual factors, therefore disability may be caused by a health

condition or an existing disability may change a health condition.

Table 3: ICF overview.

Part 1: Functioning and Disability Part 2: Contextual Factors
Components body functions activities and environmental personal factors
and structures participation factors
Domains body functions Life areas external influences internal
body structures (tasks, actions) on functioning and influences on
disability functioning and
disability
Constructs change in body Capacity Facilitating or Impact of
functions executing tasks in | hindering impact attributes of the
(physiological) a standard of features of the person
environment physical, social
change in body Performance and attitudinal
structures executing tasks in world
(anatomical) a current
environment
Positive aspect functional and activities facilitators not applicable
structural participation
integrity
functioning
Negative aspect impairment activity limitation | barriers/hindrances not applicable
participation
restriction
disability

Source: Adapted from ‘ICF introduction’.

In Table 4, it is compared Verbrugge and Jette’s disablement model and the ICF
model: whereas pathology and impairment correspond to body function and
structures in the ICF model, functional limitations and disability correspond to

activities and participation.
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Table 4: The disablement model and the International Classification of Functioning, Disability
and Health model (ICF).

Anatomical body Physiological Task Involvement in
parts functions of the performance life roles
body
Disablement Pathology Impairment Functional Disability
Model — : Limitations .
Disease, injury, Dystunctions and Restrictions in The expression of a
congenital structural basic physical and | physical or mental
condition abnormalities mental actions limitation in a
social context
ICF Body Functions and Structures Activities and Participation
Physiological functions of body systems Activity: execution of a task or action
and anatomical parts of body Participation: involvement in a life
situation

Source: Adapted from Jette A.M. and Keysor J.J.”

The disablement model of L.M. Verbrugge and A.M. Jette has been used as a
conceptual frame in this work. Although the ICF model has implied a
significant step further as a classification tool, the disablement model is more
useful for disability research in the elderly population. In the epidemiological
studies, it facilitates distinguishing and studying the different factors that

contribute to the development of disability.

1.2.2. Measures of disability

Disability is typically assessed by means of self-reported measures that evaluate
the ability to perform a set of tasks needed to maintain one’s lifestyle in order to
live independently’*. These tasks are known as ‘activities of daily living’

(ADLs) classified in: basic (BADLs") developed by S. Katz and colleagues in

7 Jette A.M. and Keysor J.J. Disability models: implications for arthritis exercise and physical
activity interventions. Arthritis Rheum 2003; 49:114-20.

™ Verbrugge L.M. and Jette A.M. The disablement process. Soc Sci Med 1994;38:1-14.

™ They are also called physical activities of daily living (PADLSs).
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19637 and instrumental activities (IADLs) developed by M.P. Lawton and
E.M. Browdy in 1969"". The BADLSs refer to everyday life tasks of personal
care, whereas IADLs refer to more complex tasks needed to live in the
community. S. Katz highlighted that the loss of function takes place in a specific
order so the ability to perform the most complex activities are lost first, which
are also the last acquired in the learning process due to their difficulty. Besides
these two measures, disability can also be assessed through mobility
performance, objective measures that evaluate standardized tasks, such as
standing balance, walking distances, climbing stairs, and chair stand tests,

among others by means of counting repetitions or timing the task.

Measures of disability such as ADLs are important because they provide an
appraisal of the burden caused by suboptimal health by taking into consideration
other factors (e.g., underlying diseases, psychological and social factors).
Moreover, in the elderly population, impairment in ADLSs has been found to be

predictor of all-cause mortality’®, institutionalisation”, nursing home

" Katz S., Ford A.B., Moskowitz R.W., Jackson B. and Jaffe M.W. Studies of illness in the
aged. The Index of ADL: A Standardized Measure of Biological and Psychosocial Function.
JAMA 1963;185:914-9;

Katz S. Assessing self-maintenance: activities of daily living, mobility and instrumental
activities of daily living. J Am Geriatr Soc 1983;31:721-6.

7 Lawton M.P. and Browdy E.M. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist 1969;9:179-89.

" Scott W.K., Macera C.A., Cornman C.B. and Sharpe P.A. Functional health status as a
predictor of mortality in men and women over 65. J Clin Epidemiol 1997;50:291-6; Mor V.,
Wilcox V., Rakowski W. and Hiris J. Functional transitions among the elderly: patterns,
predictors, and related hospital use. Am J Public Health 1994;84:1274-80; Ruigémez A.,
Alonso J. and Anté J.M. Functional capacity and five-year mortality in a sample of urban
community elderly. Eur J Public Health 1993;3:165-71; Pijls L.T., Feskens E.J. and
Kromhout D. Self-rated health, mortality, and chronic diseases in elderly men. The Zutphen
Study, 1985-1990. Am J Epidemiol 1993;138:840-8; Manton K.G. A longitudinal study of
functional change and mortality in the United States. J Gerontol 1988;43:S153-S161; Wolinsky
F.D., Callahan C.M., Fitzgerald J.F. and Johnson R. Changes in functional status and the
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t*°, increase the use of hospital services®' and associated to higher

placemen
costs®, and be used as eligibility criteria for long-term care in the States®.
However, ADL measures in elderly research to improve in some areas such as:
a) the number of activities considered differ across studies creating difficulties
in comparing their findings, and b) the validity of these measures in different
cultural settings beyond industrialised countries needs to be more thoroughly

evaluated.

1.2.3. Evolution of disability

There is some degree of variability among elderly people in the evolution of
disability. The average pattern is defined by a considerable proportion of elderly
persons who are able to live with a good functional ability during several years,
whereas some elderly people experience a functional decline over time, and a

small proportion of elderly people recover from disability over time*. This

risks of subsequent nursing home placement and death. J Gerontol B Psychol Sci Soc Sci
1993;48:S93-S101.

" Mor V., Wilcox V., Rakowski W. and Hiris J. Functional transitions among the elderly:
patterns, predictors, and related hospital use. Am J Public Health 1994;84:1274-80.

% Wolinsky F.D., Callahan C.M., Fitzgerald J.F. and Johnson R.J. Changes in functional
status and the risks of subsequent nursing home placement and death. J Gerontol B Psychol Sci
Soc Sci 1993;48:S93-S101.

81 Ferrucci L., Guralnik J.M., Pahor M, Corti M.C. and Havlik R.J. JAMA 1997;227:728-
34,

% Mor V., Wilcox V., Rakowski W. and Hiris J. Functional transitions among the elderly:
patterns, predictors, and related hospital use. Am J Public Health 1994;84:1274-80.

% Spector W.D. and Fleishman J.A. Combining activities of daily living with instrumental
activities of daily living to measure functional disability. J Gerontol B Psychol Sci Soc Sci
1998; 53:546-57; Stone R.I. and Murtaugh C.M. The elderly population with chronic
functional disability: implications for home care eligibility. Gerontologist 1990;30:491-6.

% Fried L.P and Guralnik J.M. Disability in older adults: evidence regarding significance,
etiology and risk. J Am GeriatrSoc 1997 ;45:92-100.
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evolution may be altered by social, environmental and behavioural factors, such

as vigorous running that slows the development of disability®.

1.2.4. Risk factors of disability

The risk factors can be categorised into two groups: non-modifiable and
modifiable factors. Among the non-modifiable risk factors, chronological age is
the foremost factor causing disability, increasing the prevalence of disability
with advancing age. J.M. Guralnik et al.*® reported that each 10 year increase
of age has an impact on augmenting by about 2.0 the relative risk of functional
status decline. The importance of age relies also on the confounding role that it
plays with other risk factors of functional decline®’. Moreover, heterogeneity in
the relationship between disability and age has been found. Indeed, E. von
Strauss et al.*® proposed to stratify the elderly population into age groups to
account for this variability because they reflect diverse severity levels of
functional capacity. The female sex has been consistently found to be associated

with highest rates of disability (see section 1.2.5).

Among the modifiable risk factors, those which are behavioural may be
differentiated from those that are not. The first include: a) nutritional habits

with an excess fat intake contributing to premature death at middle age and

% Fries J.M., Singh G., Morfeld D., Hubert H.B., Lane N.E. and Brown B.W. Running and
the development of disability with age. Ann Intern Med 1994;121:502-9.

8 Guralnik J.M., LaCroix A.Z., Abbott R.D., Berkman L.F., Satterfield S., Evans D.A. and
Wallace R.B. Maintaining mobility in late life I. Demographic characteristics and chronic
conditions. Am J Epidemiol 1993;137:845-57.

¥ Avlund K. Disability in old age. Danish Medical Bulletin 2004;51:315-49.

% von Strauss E., Agiiero-Torres H., Kareholt 1., Winbland B. and Fratiglioni L. Women are
more disabled in basic activities of daily living than men only in very advanced ages: a study
on disability, morbidity, and mortality from the Kungsholmen project. J Clin Epidemiol
2003;56:669-77.
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mortality and disability among survivors at older ages®***; b) underweight and
overweight people have been associated to be at higher risk of disability than
those of normal weight; ¢) no alcohol consumption compared to moderate use;
d) lack of physical activity is associated with an increase in the prevalence of
disability, whereas physical exercise has been shown to reduce the risk of losing
mobility’'; and €) tobacco is a preventable cause of disability since many health
problems associated with smoking may cause disability such as respiratory
disorders (lung cancer and chronic obstructive pulmonary disease), circulatory
(stroke), and cardiovascular diseases®® (heart attacks), among others. Findings
from the cohort studied in this thesis also support the benefits of stopping
smoking for heart and respiratory health problems. However, the lack of
statistical differences in the disability prevalence observed between the smoking
status groups was explained by the fact that smokers were somewhat healthier
than expected due to survival bias (see supporting paper 1). W.J. Nusselder et
al.” concluded that by eliminating smoking, the length of disability-free lifetime
will be extended and disability will be compressed into a shorter period. They
found that non-smokers spent fewer years with disability than the mixed
smoking-non-smoking population. Non-smokers were exposed to disability over

a longer period because of lower mortality rates; however, their length of

% Cutler D.M. The reduction of disability among the elderly. Proc Natl Acad Sci
2001;98:6546-7.

% Guralnik J.M. and Kaplan G.A. Predictors of healthy aging: prospective evidence from the
Alameda County study. Am J Public Health 1989;79:703-8.

! LaCroix A.Z., Guralnik J., Berkman L.F., Wallace R.B. and Satterfield S. Maintaining
mobility in late life II. Smoking, alcohol consumption, physical activity and body mass index.
Am J Epidemiol 1993;137:858-69.

%2 Larson M.G. Assessment of cardiovascular risk factors in the elderly: the Framingham heart
study. Stat Med 1995;14:1745-56.

% Nusselder W.J., Looman C.W.N., Marang-van de Mheen P.J., van de Mheen H. and
Mackenbach J.P. Smoking and the compression of comorbidity. J Epidemiol Community
Health 2000;54:566-74.
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disability-free lifetime is longer due to their capacity to keep a good health

status and to recover from health losses.

Among the non-behavioural factors, characteristics of the environment, low
social contacts® and poor self-perceived health have been also associated with

an increase of disability in some studies.

In addition, a number of chronic conditions have been found to be associated
with disability: arthritis, hip fracture, cardiopulmonary conditions (heart disease
and chronic obstructive pulmonary disease), stroke, diabetes, visual
impairment, low cognitive performance, musculoskeletal conditions, and high
depressive symptoms®. Among them, arthritis has the highest population impact
due to its high prevalence in the population. It is important to stress that the co-
existence of more than one chronic condition put people at greater risk of

disability.

The World Health Organisation, based on the review performed by A.B. Stuck
and colleagues®™, generated a summary table of modifiable risk factors of

disability, indicating their relevance at population level (see table 5).

% Avlund K. Disability in old age. Danish Medical Bulletin 2004;51:315-49; World Health
Organisation. Men ageing and health. Achieving health across the life span. Geneva 2001.

* Fried L.P and Guralnik J.M. Disability in older adults: evidence regarding significance,
etiology and risk. J Am GeriatrSoc 1997 ;45:92-100. Wray L.A. and Blaum C.S. Explaining
the role of sex on disability: a population-based study. Gerontologist 2001;41:499-510.

% Stuck A.E., Walthert J.M., Nikolaus T., Biila C.J., Hohmann C. and Beck J.C. Risks
factors for functional status decline in community-living elderly people: a systematic literature
review. Soc Sci Med 1999;48:445-69.
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Table 5: Modifiable risks factors for disability in elderly people.

Factor Risk for Importance of risk Effect on disability confirmed
disability factor at population | through intervention or other
confirmed? level? evidence
Cognitive impairment +++ ++ 0
Depression +++ ++ 0
Disease burden +++ +++ ++
Increased and ++ ++ 0
decreased body mass
index
Lower extremity +++ ++ ++
functional limitations
Low frequency of + ++ +
social contacts
Low level of physical +++ ++ +++
activity
No alcohol use + ++ ?
compared to moderate
use
Poor self-perceived ++ ++ 0
health
Smoking +++ ++ +
Vision impairment +++ ++ +

Source: Adapted from WHO.?, based on work by Stuck A.E. et al. in 1999.
+,++,++ +: the level of reliability; O: the question has not been studied thoroughly; ?:the scientific evidence is
contradictory.

1.2.5. Gender differences

The prevalence of disability is consistently higher among women than men at all
ages in this stratum of the population. This gap between men and women is well
substantiated in literature. Several factors have been suggested to explain this
gender difference. First, the morbidity pattern differs by sex: women experience
more nonfatal but disabling diseases (e.g., osteoarthritis of the knee) while men

suffer from lethal diseases in the short term (e.g., heart attack)®®. A.B. Newman

7 World Health Organisation. What are the main factors for disability in old age and how can
be disability prevented? 2003.

% Ettinger W.H., Fried L.P., Harris T., Shemanski L., Schulz R. and Robbins J. Self-
reported causes of physical disability in older people: the Cardiovascular Health Study. CHS
Collaborative Research Group. J Am Geriatr Soc 1994; 42:1035-44.
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and J.S. Branch” reviewed the most relevant diseases causing differences in
gender disability. Among nonfatal diseases, arthritis (knee and generalized
osteoarthritis), depression, dementia, falls, body composition (higher percentage
of body fat in women) are more common in women than in men. Among fatal
diseases, cardiovascular diseases, and stroke are more prevalent in men;
however, they do not contribute substantially to the gender differences in
disability because the cardiovascular diseases gap become smaller with
increasing age, and strokes account for a small proportion of disability. With
respect to heart disease and chronic obstructive pulmonary disease, the authors
relied on the aforementioned study of W.H. Ettinger et al. where heart disease
was more often reported as cause of disability in women and chronic obstructive
pulmonary disease in men. Beyond this issue, it should be stressed that women
tend to experience medical comorbidity more often than men do. This fact also
leads to a greater percentage of disabled women because of the positive
correlation between the number of chronic conditions and disability, as well as
the synergy of the combination of certain chronic conditions that causes an

excess of disability compared to the sum of their effects alone.

Second, life expectancy is consistently higher for women than men and, as a
consequence, women spend more time disabled than men do. Also, women are
more likely to become disabled since disability increases with age. Third, recent

studies conclude that disability incidence is higher among women'®'%!, although

% Newman A.B. and Branch J.S. Gender gap in longevity and disability in older persons.
Epidemiol Rev 2001;23:343-51.

10 Leveille S.G., Penninx B.W.J.H., Melzer D., Izmirlian G. and Guralnik J.M. Sex
differences in the prevalence of mobility disability in old age: the dynamics of incidence,
recovery, and mortality. J Gerontol B Psychol Sci Soc Sci 2000;55:S41-S50.

" Dunlop D.D., Hughes D.S.W. and Manheim L.M. Disability in activities of daily living:
patterns of change and a hierarchy of disability. Am J Public Health 1997;87:378-83.
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not the age of onset of disability, that was found to be similar for both men and
women'””. S.G. Leveille et al. (2000)'®® addressed the uncertainty of gender
differences in the prevalence of disability by examining the role of disability
incidence, recovery from disability and mortality. It was found that disability
incidence played a key role showing the largest contribution to the gender
differences among the three factors. This result contradicts previous findings
showing that mortality explains the highest disability prevalence among women
rather than disability incidence. The two remaining factors were also related to
disability prevalence but to a lower extent. Indeed, recovery from disability is
only relevant after age 80. Fourth, it has also been suggested that women are

less likely to recover from disability'™.

Fifth, gender differences may be partially related to the measures used to assess
disability. It has been observed that the gender gap is usually more likely in
mobility activities or IADLs than in BADLs'”. Among other plausible
explanations this may be due to the fact that women are at greater risk of
mobility loss related to age-associated strength declines. L.A. Wray and C.S.
Blaum (2001)'” also suggested that the relationship between gender and

disability depends on the evaluation tool. While chronic conditions and

1 Ferrucci L., Turchi A., Fumagalli S., Di Bari M., Silvestrini G., Zacchei S., Nesti A.,
Magherini L., Tarantini F., Pini R., Antonini E., Masotti G. and Marchionni N. Sex-related
differences in the lenght of disability prior to death in older persons. Aging Clin Exp Res
2003;15:310-4.

18 Teveille S.G., Penninx B.W.J.H., Melzer D., Izmirlian G. and Guralnik J.M. Sex
differences in the prevalence of mobility disability in old age: the dynamics of incidence,
recovery, and mortality. J Gerontol B Psychol Sci Soc Sci 2000;55:S41-S50.

% Oman D., Reed D. and Ferrara A. Do elderly women have more physical disability than
men do? Am J Epidemiol 1999;150:834-42.

105 Beckett L.A., Brock D.B., Lemke J.H., Mendes de Leon C.F., Guralnik J.M., Fillenbaum
G.G., Branch L.G., Wetle T.T. and Evans D.A. Analysis of change in self-reported physical
function among older persons in four population studies. Am J Epidemiol 1996;143:766-78.
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sociodemographic variables largely explained the association of gender and
ADL difficulties, these variables could not explain the relationship of gender
with mobility and strength difficulties. Moreover, different interactions with
gender were found depending on the measure, as well as the magnitude of such
interaction and the main factors involved. For ADL difficulties, the interactions
with gender were musculoskeletal conditions (aOR'“=1.46) and depressive
symptoms (aOR=0.68). For difficulties in mobility activities, there was a joint
effect of gender and musculoskeletal (aOR=1.40) conditions and body mass
index (aOR=1.57). For difficulties with strength activities, there was only one

interaction: gender and body mass index (aOR=1.38).

Finally, gender differences in disability prevalence have been attributed to
inaccurate reporting by women, who tend to overreport symptoms due to their
greater perception of physical discomfort. However, the latter hypothesis is
under discussion since available studies that carried out a comparison between
self-reported function of activities of daily living and performance of physical

tasks showed an agreement between both measures'%%!1%:110

, concluding that
there are no gender differences in the reporting of disability. One of these
studies used data from the same cohort HISB that the present thesis, and
supported the validity of the selected activities of daily living (see supporting

paper 2).

% Wray L.A. and Blaum C.S. Explaining the role of sex on disability: a population-based
study. Gerontologist 2001;41:499-510.

17 aOR stands for adjusted odds ratio.

1% Ferrer M., Lamarca R., Orfila F. and Alonso J. Comparison of performance-based and
self-rated functional capacity in Spanish elderly. Am J Epidemiol 1999;149:228-35.

19 Merrill S.S., Seeman T.E., Kasl S.V. and Berkman L.F. Gender differences in the
comparison of self-reported disability and performance measures. J Gerontol A Biol Sci Med
Sci 1997;52:M19-M26.

9 Kelly-Hayes M., Jette A.M., Wolf P.A. and Odell P.M. Functional limitations and
disability among elders in the Framingham Study. Am J Public Health 1992;82:841-5.
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2. Justification

The population of Spain, as an industrialized country, is ageing significantly and
the number of octogenarians is increasing. The increase in the number of
elderly people will probably bring with it an increase of old people with
disabilities in absolute numbers, irrespectively of the theory of population health
change that will be valid. Consequently, this stratum of the population will
generate new needs for healthcare as well as a rise in the consumption of
resources already in place, since disability is associated with institutionalisation,
an increase of the use of hospital services and of premature death, among
others. To ascertain those needs and to allocate the available resources
efficiently, the policy makers require information about disability among the
elderly population. In particular, knowledge about gender differences in the
impact of disability on mortality. Differences in health between elderly men and
women are a consistent finding in numerous studies. Women report more
morbidity, are more likely to suffer from non-lethal but disabling diseases,
show higher rates of disability and lower mortality rates. It has been suggested
that men’s health is strongly related with their social role, that is, the way that
men are expected to behave which determines the male perception of health and
their own features such as less contact with the health care system''' and a lack
of ability to built social networks and family ties''?. However, the extent to
which disability and mortality interrelate as people age needs to be fully

explored in both men and women. The hypothesis is that there will be a gender

" Verbrugge L.M. Women and men: mortality and health of older people. In: Aging in
society: selected reviews of recent research. Hillsdale, N.J., Erlbaum,1983.

112 World Health Organisation. Men ageing and health. Achieving health across the life span.
Geneva 2001.
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difference in the relationship between disability and mortality'"?

. Specifically,
the impact of disability on mortality is expected to be greater for women than
men, because the male population is a selected one composed of survivors;
fragile individuals die at early ages due to lethal diseases, such as coronary

heart disease, cardiovascular diseases and lung cancer, among others.

The statistical methodology applied to studies of the elderly should also be
reviewed and improved whenever possible. The answer to these questions is
becoming more urgent because the increase in the number of elderly people has
been notable in the last decade and the advantage in absolute number of women
increases with age. Thus, it is crucial to be aware if there is any gender

difference, since a population imbalance in favour of women exists.

' This hypothesis needs to be revisited for future cohorts evaluating the impact of the change
of some behavioural risk factors in women population, which may contribute to decrease the
gender gap. For example, the increase in the prevalence of smoking among middle-aged
women is currently contributing to a raise of related diseases, such as cancer and chronic
pulmonary obstructive disease.
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3. Objectives

The objectives of this thesis are both methodological and substantive. The

primary objectives are to:

o Improve the estimation of the relationship between disability and
mortality by using age as time scale in the survival analyses for studies of
the elderly population.

e Model the survival probability in the elderly by using the disability life
history and risk factors and to investigate whether or not there are

differences by sexes in this model.

As a secondary objective supporting the above main objectives:

e Describe the evolution of the disability prevalence over an 8 year period.
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4. Methods

4.1. Study design

Data comes from the Health Interview Survey of Barcelona (HISB) in
1986415 a cross-sectional study of residents in Barcelona city with 6,894
participants. With the purpose of evaluating the health of elderly people, an
oversample of non-institutionalised subjects equal or older than 65 years old was
performed''® to obtain a representative sample of non-institutionalised elderly
population living in Barcelona. They were first interviewed to assess their health
status (wave 1), and were then followed up to evaluate the evolution of the
health status and the relationship between baseline factors and the development
of new conditions and mortality (wave 2). The present work is based on waves

1 and 2 of the sample of elderly people.

The sampling frame was derived from the update of the 1981 Local Census
Register of Barcelona at October 1* 1985. A non-proportional stratified random
sample in two stages (district and size of the family) was conducted. The
household'"” was defined as the primary sampling unit, and the secondary unit
was all the individuals aged 65 or over that were registered in the 3,062 selected

households.

4 Alonso J. and Ant6 J.M. Enquesta de Salut de Barcelona 1986, Barcelona: Ajuntament de
Barcelona, Area de Salut Pablica, 1989.

1> The first edition of the Health Interview Survey of Barcelona in 1983 was the first Health
Interview carried out in Spain (Ant6 J.M., Company A. and Domingo A. Enquesta de Salut de
Barcelona, Barcelona: Ajuntament de Barcelona, Subarea de Salut Publica, 1985). Followed
two years later by the first national health interview named ‘Encuesta Nacional de Salud’
(ENS-1).

8 An individual was considered as institucionalized if he/she was living in a nursing home,
pension, hotel, hospital or any other centre beyond the household.

7" A household was defined as a set of individuals who live in the same home and have a
common home economy.
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A sample size of 1,632 individuals, 1,100 coming from the original sample and
522 from the oversampling, comprised the first wave. It represented a 6.5 %o of
the total population aged 65 or over of Barcelona. The sample size was
calculated assuming that the expected proportion of elderly subjects needing

help in bathing was 0.7%.

In wave 1, participants filled the general HISB questionnaire and received a
supplementary questionnaire to gather specific information about chronic
conditions, visual impairment, hearing disorders, dental status, basic and
instrumental activities of daily living, devices used such as wheelchairs, contacts

with relatives, pensions and services use.

In wave 2, the members of the study group were interviewed face to face by
trained health personnel at their homes. They provided different information

depending on the following scenarios:

A) Individuals who were alive at the time of the re-assessment
e Individuals willing to participate:
o A cognitive evaluation though the Mini-Mental State Examination.
o A standard questionnaire: sociodemographic data (including social
and relative contacts), self-perceived health status, physical
activity, tobacco, alcohol consumption, morbidity, health services
use, visual impairment, hearing disorders, dental status, mobility,
basic and instrumental activities of daily living, incontinence,
devices use, social services use, and pensions.
o A standardised physical examination (static equilibrium, walking

speed test walking over a course of 4 meters, chair stand test,
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ophthalmologic  test,  weight and  height,  additional
anthropometrical measures, and dental examination).

o Two quality of life questionnaires (the Nottingham Health Profile
and the Medical Outcome Study).

e Individuals Institutionalised at the time of the second interview:

o A shortened version of the standard questionnaire including:
sociodemographic data, tobacco, alcohol consumption, chronic
conditions, institutionalisations, visual impairment, hearing
disorders, dental status, basic and instrumental activities of daily
living, and incontinence.

o One quality of life questionnaire (the Medical Outcome Study).

e Individuals who refused to participate to the interview:

o A shortened version of the standard questionnaire collecting key
data on self-perceived health status, tobacco, chronic conditions,
basic and instrumental activities of daily living, number of
physician visits, hospital admissions and institutionalisations, and

devices use.

B) Deceased Individuals
o A proxy interview was carried out gathering information on basic
and instrumental activities of daily living, living arrangements
with relatives before dying, institutionalisations, incontinency, and

devices use.
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Vital status on October 30™ 1994 was ascertained by a confidential linkage with
the Regional Mortality Register of the ‘Generalitat de Catalunya’. An additional
search was conducted for those subjects not traced by means of linkage with the
Local Census Register of Barcelona. For a small number of subjects who were

not traced after the two linkages, a telephone contact was carried out.

4.1.1. Disability

In the present study, the self-reported disability indicators come from an
adaptation of the Supplement of Aging (SOA) integrated in the 1984 National
Health Interview Survey''®. It was measured on ten BADLs and four IADLs.
The BADLs were: walking, brushing hair/shaving, sitting, bathing, using the
toilet, dressing, eating, going up/down stairs, cutting their toenails, and going
outside; whereas the IADLs were: cooking their own meals, managing money,
using the telephone, and shopping. Individuals were asked about their difficulty
in carrying out each activity of daily living (none, a little, moderate and unable
to perform without help). Overall measures for BADLs and IADLs,
respectively, were derived by combining the responses of the corresponding
activities as: “Independent” if they were able to perform all the activities
without difficulty, “With difficulty” if they reported to have little or moderate
difficulties in any of the activities, and “Dependent” if they were unable to

perform at least one activity without assistance.

"8 Fitty J.E. and Kovar M.G. The Supplement of Aging to the 1984 National Health Interview
Survey. National Center for Health Statistics. Vital and Health Statistics. Series 1 No 21
DHHS Publ No (PHS) 87-1323. Public Health Service. Washington: U.S. Government
Printing Office.
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4.2. Data collection

Figure 11 shows the participation in the survey in each wave. Baseline
interviews were completed for 1,315 individuals between January 1986 and
January 1987, representing 80.6 percent of the subjects comprising the sample.
The second wave of the survey took place between June 1993 and June 1994.
Information was collected from 1,035 (78.7%) subjects or proxies. Among
these, 684 underwent the standard interviewed, 19 the institutionalised
interview, 51 the refusal interview, and 281 the deceased interview. A total of
382 interviews were answered by proxies, 101 corresponding to living
participants and 281 to deceased participants during the follow-up period.
Around 20 percent of the subjects were not interviewed, 37 were lost to follow-

up due to emigration, and 21 of them had been lost immediately after baseline

interview.
Figure 11: Participation into the survey (waves 1 and 2).
Eligible subjects
1,632
Respondents Wave 1
1,315 (80.6%)
! i I ]
Respondents Non Respondents Lost to follow-up Not traced
1,035 (78.7%) 222 (16.9%) 37 (2.8%) 21(1.6%)
: I L | Wave 2
Standard Institutionalised Refusal Deceased
Interview Interview Interview Interview
684 (66.1%) 19 (1.8%) 51 (4.9%) 281 (27.2%)

With respect to the vital status at the closing date, 842 were alive, 452 had died
and 21 could not be traced. Twenty-nine deceased cases came from living
subjects successfully interviewed at the time of the second wave. The mortality
rate after 8-years of follow-up was higher for men (41.8%) than women

(30.6%). Comparisons between the mortality experience of the cohort and the

69



Gender differences in the association between disability and mortality in the elderly

entire elderly population of Barcelona were performed to ensure the validity of
the results. To do so, standard mortality ratios (SMR) were calculated by age
and gender groups. The expected survival probabilities were computed using the
population mortality rates by gender and age categories provided by the ‘Institut
Municipal de la Salut’. No deviations from the population were observed
supporting that no bias in the gathered data may limit the validity of the

findings.

4.3. Statistical methods

4.3.1. Multiple Correspondence Analysis

A Multiple Correspondence Analysis was carried out to ascertain the underlying
structure of the ADLs as well as the existing relationships between ADLs and a
set of illustrative variables. This multivariate method produces geometric
representations that enable us to understand intuitively the behaviour of the

variables.

This approach reduces the dimensionality of the data matrix in subspaces, in
such a way that they are interpretable and retain the maximum information of
the initial data. To do so, algebra developments are performed on the initial data
matrix that is transformed into a symmetric matrix, which minimise the
overlapping of the projected points on the factorial axes of the geometric
representations. The data matrix is defined by subjects (rows) and variables
(columns); whereas the symmetric matrix is a matrix of distances between the
categories of the variables. The latter matrix is used to get the eigenvalues that
will define the number of significant factorial axes, and the eigenvectors that

will define the projections of the categories of each variable and the subjects on
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the selected axes. In our case, the factorial axes were defined by the BADLs
and IADLs. In the resulting graphical representations of the factorial axis, the
projected categories of each variable represent gravity centres corresponding to

the average behaviour of the individuals with such characteristic.

4.3.2. Survival analysis

The survival analysis to study the time exposed to the ageing process was based
on the counting process theory, where 65 years old was chosen as the time
origin and chronological age as the time scale. This approach permits dealing
with left-truncated data and time-dependent variables. The Nelson-Aalen
estimator of the cumulative hazard function and an extension of Cox’s
proportional hazards model were used. Plots of the hazard function were
smoothed by the Kernel method!!® using a bandwidth of 6 years to display the

instantaneous risk of dying at any age.

4.3.2.1. Left-truncated data

In this cohort, a substantial number of subjects provided partial information on
mortality data due to a random left-truncation process and/or a right-censored
process. The first process is less common and it is characterised by entering late
into the study, thus once the origin time point has already occurred. As a
consequence, a period of time exists, from the origin time to the real time of
entering the study, where there is no information available. In this case, it will
be subjects older than 65 years old, such as subjects C and D depicted in figure
12. This is noteworthy, because it implies that the survival estimates will be

biased since we ignore those subjects who have not survived long enough to be

1% Hess K.R., Serachitopol D.M. and Brown B.W. Hazard function estimators: a simulation
study. Stat in Med 1999;18:3075-88.
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under observation, as a result the sample is incomplete; moreover, those
survivors with longer survival times are more likely to be included in the
sample'”. In the present cohort, we refer to those elderly subjects who died
before 1986 and they were then not included in the cohort, so the risk of dying

is underestimated since we are omitting these subjects at higher risk.

Figure 12: Left-truncated data.

SUBJECTS 4
Incomplete data: right-censored
B Complete data
C Incomplete data: left-truncated data
D Incomplete data: left-truncated and right-censored datar
---------------- O
65 years old end of the study AGE

O: alive or lost to follow-up, and X: died during the follow-up.

It is essential to know the length of time that the subject has been exposed to the
ageing process without being under observation in order to do the appropriate
corrections. In the present cohort it is straightforward because it depends on the

age at entry, and this information was collected in the interview. Therefore, the

2 Guo G. Event-history analysis for left-truncated data. Sociol Methodol 1993;23:213-33;
Hoover D.R., Mufioz A., Carey V., Odaka N., Taylor J.M., Chmiel J.S., Armstrong J. and
Vermund S.H. The unseen sample in cohort studies: estimation of its size and effect.
Multicenter AIDS Cohort Study. Stat Med 1991;10:1993-2003.
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length of time will be the gap between the age at entry and 65 years old'*'. The
correction is to consider the subject at risk upon entry into the study and not
before, and the bias of not observing those individuals who have not survived
long enough is overcome. In addition, the subject’s covariates are considered at

the time they enter into the study, thus when they were assessed and not before.

Left-truncation was present in the majority of participants into the HISB, thus
the origin time point was observed only in 8 percent of the subjects as it is
shown in Figure 13. The age at entry into the study was 73.6 years on average

(SD= 6.6 years) with an observed range between 65 and 99 years.

Figure 13: Distribution of age at entry into the study.
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121 Usually, it is not so easy to calculate the length of time that the subject has been exposed to
the process of interest and not observed. For example, A. Mufioz et al. split the cohort in two:
the incident cohort and the prevalent cohort. The origin time is known for the first but not for
the second. They use the first cohort to get estimations that allow them to impute the missing
origin time in the subjects that belong to the second cohort. Mufioz A., Carey V., Taylor
J.M., Chmiel J.S., Kingsley L., Van Raden M. and Hoover D.R. Estimation of time since
exposure for a prevalent cohort. Stat Med 1992;11:939-52.
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4.3.2.2. Counting processes in the survival analysis framework

The relevant results of the counting processes in the survival analysis setting are

introduced in this section.

4.3.2.2.1. The Nelson-Aalen estimator of the cumulative hazard function

The study of the time to a certain event may be approached through the
estimation of the survival function, Kaplan-Meier estimator, or by means of the
cumulative hazard function estimation. In the latter case, the existing
relationship between both functions, A(t): —log S(¢), is then used to obtain an
estimate of the survival function. The cumulative hazard function is defined

from the hazard function A(u) as follows:

Alt)= I Au) du, where A(u)denotes the hazard function.
0

The interpretation of the cumulative hazard function is quite complex, since it
represents the sum of conditional probabilities on different sampling spaces.
T.M. Therneau and P.M. Grambsch'?* describe it as the average number of
events that would be observed within a time period for a subject perpetually at
risk. If the subject dies then he/she is replaced by another subject presenting the
same characteristics (equal exposition time and mortality prognostic factors).
Nevertheless, it has been shown to be useful for the selection of parametric

models. For example, a plot of A(z) vs. t showing a linear pattern suggests that

the exponential model is plausible to fit the data. It is also utilized to get an
estimation of the hazard function A(t) from its slope, and to verify the

proportionality assumption of the Cox’s proportional hazards model.

2 Therneau T.M. and Grambsch P.M. Modelling survival data. Extending the Cox model.
Springer-Verlag: New York, 2000, page 10.

74



Gender differences in the association between disability and mortality in the elderly

W. Nelson (1972)'* proposed an estimator of the cumulative risk function that
was formulated in the counting process framework by O.0. Aalen in 1978'*,
The latter estimator is known as the Nelson or the Nelson-Aalen estimator and it

is defined as:

0 if t<t,
t[

Aul)=y 5 d@)

i=1.t,<t F(ti)

if t>¢,
where t1 represents the first failure time observed in the sample.

It can be re-written using the counting process notation as:

A,,(r)= !%S‘)) where Y (u) = Zx(u) and N(u)= ZN,.(u)

The indicator function Yi(t) determines whether or not the subject i was under
observation at time ¢ (I{Ti>t}), whereas Ni(t) is a function that counts the
number of failures of the subject / '*°; whereas the first term of the expression
dN(t) = AN(t)+ n(t)dt denotes the number of events that have occurred up to

time ¢ and the second term defines the continuous part of the change. In this

12 Nelson W. Hazard plotting for incomplete failure data. J Qual Technol 1968;1:27-52; and
Nelson W. Theory and applications of hazard plotting for censored failure. Technometrics
1972;14:945-65.

24 Aalen 0.0. Non parametric inference for family of counting process. Ann Statist
1978;6:701-26.

125 The counting process approach is a general framework allowing that a subject may
experience more than one event. For example, a subject may suffer several relapses in cancer
progression. In the present work, the event of interest is an absorbent state, death; therefore
Ni(t) can only take values O or 1.
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case, the counting process jumps, hence there is no continuous part, and so

dN(t) = AN(¢) . The Nelson-Aalen estimator can be re-formulated as:

A AN(t.
Aul)=2 ?(ES)

This expression becomes familiar because it represents the rate between the

number of observed events and the number of subjects at risk.

The Nelson-Aalen estimator can be derived from the method of moments and its

variance can be estimated consistently as:

dAN@) Aﬁ(z)
VaI'[ NA ] I[Y( )] ,[<1Y (t)

Tsiatis developed the above variance estimate, but there are others available
such as Greenwood and Klein'?*'?’. All of them are based on the fact that the
Nelson-Aalen estimator can be interpreted as the independent sum of the

following increments AN (u)/Y (u) .

The properties of the Nelson-Aalen estimator come from the fact that under
certain regularity conditions A,,(r)—A(z) it behaves as a martingale'”®. The

estimator: a) is uniformly consistent, b) its variance estimator is also uniformly

126 S_Plus 6.0 Guide to Statistics, Volume 2, Data analysis division, MathSoft, Seattle WA,
page 320.

127 Properties of the variance estimator of the Nelson-Aalen estimator for small samples can be
found in: Klein J.P. Small sample moments of the estimators of the variance of the Kaplan-
Meier and Nelson-Aalen estimators. Scandinavian Journal of Statistics 1991;18:333-40.

28 Therneau T.M. and Grambsch P.M. Modelling survival data: Extending the Cox model,
Springer-Verlag: New York, 2000, pp: 26-8.
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consistent, and c¢) converges weakly to a Gaussian process when n goes to

infinity.

Finally, the Fleming-Harrington estimator of the survival function can be

derived from the Nelson-Aalen estimator of the cumulative hazard:

SFH (tj) = e_MA(I’F)
It is very similar to the Kaplan-Meier when the sample is large enough.

The main reason to start estimating the cumulative hazard function instead of
the survival function is its link with the counting processes that allow us to use
this formulation. Also, the Nelson-Aalen estimator behaves better than the

129

Kaplan-Meier estimator when dealing with small samples'”. Nevertheless, the

Kaplan-Meier estimator presents advantages over the Nelson-Aalen estimator
such as its non sensitivity to tied data'’; so it is possible to start with it if the
problem faced does not require the use of the counting processes formulation. It
is interesting to note that the Nelson-Aalen estimator is the first term of Taylor’s

series development of minus the logarithm of the Kaplan-Meier estimator.

4.3.2.2.2. The Cox’s proportional hazards model

In 1972 D.R. Cox"! proposed Cox’s model, also known as the proportional

hazards model, as well as a new estimation method that later on was named

% Klein J.P. and Moeschberger M.L. Survival analyisis. Techniques for censored and
truncated data, Springer-Verlag: New-York, 1997, page 86.

30 A modification of the Nelson-Aalen estimator has been proposed to overcome its sensitivity
to ties. It is implemented in S-plus: type="fh2”. Fleming T.R. and Harrington D.P. Non
parametric estimation of the survival distribution in censored data. Communications in
Statistics 1984;13:2469-86.

Bl Cox D.R. Regression models and life tables (with discussion). J Roy Statist Soc B
1972;34:187-220.
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maximum partial likelihood. Due to its straightforward interpretation, the effect
of a factor comes from the risk (hazard) multiplied by a constant, and the easy
manner to incorporate the censoring processes onto the model, Cox’s model has

become one of the most popular models. It is defined as follows:

A(0)=exp(B'Z,) 2 (1)

where Ao(t) denotes the baseline hazard function, 3 the regression coefficients
vector, and Zi the covariates vector with values corresponding to the subject i. It
is a semi-parametric model because the baseline hazard function is not specified.
It is also important to note that it is not necessary to formulate the model
through the exponential function, other functions can be used, and the only

condition is that it cannot be negative.

To draw inferences about [, the likelihood function is factorised in two parts,
the first depends on the baseline hazard function and beta, whereas the second
part only depends on beta. In the shake of simplicity, it is worked only on the
section of the likelihood function coming from the second part, that is the partial
likelihood function. The estimation of the  parameters is then based on the

following partial likelihood function:

dN; (1)

L Y ()exp[Z, (1) ]
PL(,B)—I;IE)[ Zyj(z)exp[Zj(f),BJ
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The loss of efficiency for not working with the full likelihood function is small
(the standard errors are a bit larger than they should be)'*?. The B estimator is
consistent being asymptotically normally distributed with mean B and variance
{EI(B)}"!, where I(B) is the information matrix. Instead of calculating the
inverse of the expected information matrix it is computed the inverse of the
observed information matrix, I''(B), because the first requires knowledge about
the distribution of the censoring process, which is usually not available. P.K.
Andersen and R.D. Gill (1982) showed the consistency and the asymptotically
normal distribution of the beta estimator when the Cox’s model was formulated
in the counting process framework'**. In the counting process context, a subject
can be represented as an observation coming from a very slow Poisson process.
A censored subject is viewed as someone whose counting events indicator is still

zero, instead of someone who provides incomplete information'**.

The Newton-Raphson algorithm is used to find out the maximum of the partial
likelihood function because it is robust and it is strange to experience

convergence difficulties starting with $(0)=0 as initial value.

2 Effron B. The efficiency of Cox’s likelihood function for censored data. J Am Stat Assoc
1977;72:557-65.

133 Andersen P.K. and Gill R.D. Cox regression model for counting processes: a large sample
study. Ann Statist 1982;4:1100-20.

13 Therneau T.M. Extending the Cox model. Technical report number 58. Mayo Foundation
1996, page 3.
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5. Results

5.1. Sample characteristics

5.1.1. Baseline data

The sample was compounded mainly by women (61.5%), with a predominant
age range of 65 to 74 years (60.5%). Around half of them were married, the
majority lived with someone else (80.7%), sixty percent had only studied at
primary school level and nearly half of them were from low social class
backgrounds'®* (46.8%) (see Table 6). A statistically significant gender

differential was observed in the aforementioned sociodemographic variables.

Table 7 presents the health services use and health-related behaviours
distribution of men and women in the sample. With respect to the health
services use, the average number of doctor’s visits was 6.1 (SD=9.9), with no
differences between men and women; whereas the percentage of elderly people
who had been hospitalised at least once in the past year was 9%, being
statistically higher for men. It is remarkable that just a small proportion of
respondents smoked (11.8% smokers), mostly due to the low prevalence among
women. About two thirds of the sample were of normal weight, the women
being more overweight and obese than the men. Nearly 50% of the participants
reported having consumed some alcohol over the last year, this figure increased
up to 61.5% for men. The majority of the subjects reported sleeping between 7
and 9 hours per day with differences between men and women: a quarter of the

latter devoted less than 7 hours to the night rest.

5 Domingo A. and Marcos J. Propuesta de un indicador de "clase social" basado en la
ocupacion. Gac Sanit 1989;3:320-6.
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Table 6: Sociodemographic characteristics by sex.

All Men Women
n=1,315) (n=506) n=809)
% % %

Sex 38.5 61.5
Age

65-74 years 60.5 63.6 58.5%

75-84 years 31.9 32.2 31.6

85+ years 7.7 4.2 9.9
Marital status

Single 7.9 4.5 10.0*

Married 54 .4 80.0 38.3

Widowed 35.8 14.0 49.4

Divorced / Separated 1.3 1.0 1.3
Living alone 19.2 8.3 26.0%*
Level of education
High school / University 24.2 354 17.1*
Primary school 60.3 56.1 62.9
Unable to read or write 14.2 7.9 18.2
Social Class’

I-11 17.0 19.6 15.3*

III 18.4 26.1 13.6

IV-V 46.8 44.7 48.1

* Statistical significant differences between men and women (p <0.05).

¥ Social class was based on the occupational labour of the family head: Class I= Professional occupations;
Class II= Intermediate occupations; Class III= Skilled non-manual occupations; Class IV= Qualified or
Semi-qualified manual occupations; Class V= Non-qualified manual occupations.

Participants reported having a good health status; around 55% reported a ‘very
good’ or ‘good’ health status, while only 6% of the subjects described their
health status as ‘poor’ or ‘very poor’. There were differences in the self-

reported health status between men and women (p<0.001), women showing a

worst health status (see Figure 14).
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Table 7: Health services use and health behaviours by sex.

All Men Women
n=1,315) n=506) n=809)
% % %
Health services use
Number of physician visits (last 12 months) 6.1 (9.9) 6.3 (10.7) 6.0 (9.3)
Hospitalised (last 12 months) 9.0 11.3 7.7*
Health-related behaviours
Body mass index"
Overweight / Obese 19.5 5.5 28.2%
Normal 64.9 76.9 57.5
Underweight 6.0 9.7 3.5
Smoking status
Smoker 11.8 26.3 2.7
Former smoker 17.8 42.7 2.2
Never smoker 61.3 21.7 86.0
Physical activity
Active 38.5 37.7 38.9
Sedentary 50.9 51.0 50.8
Any alcohol consumption (last 12 months) 48.6 61.5 40.5%
Daily hours of sleep
< 7 hours 22.1 16.0 25.8*
7 to 9 hours 59.3 64.6 56.0
More than 10 hours 11.3 12.3 10.6

* Statistical significant differences between men and women (p <0.05).
" Body mass index is the result of dividing weight (Kg) by height (m?).

Figure 15 shows that comorbidity was more prevalent among women than
among men, 74% vs. 63 %, respectively (p<0.001). It is important to note that
54% of the women reported to suffer three or more chronic conditions, this

percentage being 42 % among men.
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Figure 14: Self-reported health status by sex.
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Figure 15: Distribution of the number of chronic conditions by sex.
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Table 8 displays the ten leading chronic conditions among the participants for
the entire sample, men and women. As the number of conditions differed
between men and women, the prevalence of specific chronic conditions also
varied. In the majority of cases a statistically significant higher prevalence was
found in women, except for bronchitis and asthma where the smoking habit

plays a key role.

86



Gender differences in the association between disability and mortality in the elderly

Table 8: Prevalence of the ten leading chronic conditions among participants by sex.

All Men Women
(n= 1,315) (n= 506) (n= 809)
Arthritis 51.3 322 63.3%
Circulatory disorders 31.4 21.1 37.8%*
Hypertension 20.5 17.2 22.6*
Deafness 19.2 20.8 18.3
Varicose veins 16.4 9.1 21.0*
Cataracts 13.9 13.4 14.2
Heart diseases 12.7 12.3 13.0
Back pain 12.1 4.9 16.6*
Bronchitis / Asthma 11.4 16.8 8.0%
Depression 9.4 7.1 10.9*

* Statistical significant differences between men and women (p < 0.05).

5.1.2. Follow-up data

Tables 9 and 10 summarize the characteristics of the participants traced at
follow-up for their vital status. In both sex groups, survivors and those who
died over the follow-up period differed in the distribution of the following
variables: age, body mass index, physical activity, and hospitalisation. The
oldest subjects showed the highest proportion of deaths. A higher percentage of
subjects with low body mass index was found among the deceased subjects.
Also, a larger number of sedentary subjects was observed among those
deceased, as well as a higher proportion of individuals who had been

hospitalised 12 months before the baseline interview.
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Table 9: Baseline characteristics according to vital status in 1994, by gender.

Men Women
Alive Dead Alive Dead
n=291) n=209) (n=551) (n=243)
% % % %

Age

65-74 years 75.6 46.4%* 71.2 30.0*

75-84 years 22.7 459 26.1 44.1

85+ years 1.7 7.7 2.7 25.9
Marital status

Single 34 6.2 9.3 11.1*

Married 83.5 75.6 45.6 23.0

Widowed 11.7 17.2 42.8 64.6

Divorced / Separated 1.0 1.0 1.8 0.4
Living alone 8.2 8.7 25.2 27.6
Level of education
High school / University 333 38.3 18.3 14.0
Primary school 57.7 54.5 62.8 64.6
Unable to read or write 8.2 7.2 17.6 19.3
Social class’

I-1I 19.6 19.1 15.4 14.8

III 25.8 27.3 14.3 12.3

IvV-v 44.7 45.0 49.0 46.5

* Statistical significant differences between alive and dead groups (p <0.05).

T Social class was based on the occupational labour of the family head: Class I= Professional occupations;
Class II= Intermediate occupations; Class III= Skilled non-manual occupations; Class IV= Qualified or
Semi-qualified manual occupations; Class V= Non-qualified manual occupations.

However, there were factors associated with mortality in only one of the sex
groups. For men, a higher prevalence of smokers was observed among those
who would subsequently die. For women, the deceased were more frequently
widows with a poorer self-reported health status, with more chronic conditions,

and sleeping more than 10 hours per day.
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Table 10: Baseline characteristics according to vital status in 1994, by gender.

Men Women
Alive Dead Alive Dead
(n=291) n=209) (n=>551) (n=243)

Self-reported health status

Very good 11.3 7.7 7.6 5.3%

Good 55.0 49.3 48.3 32.1

Fair 27.1 25.4 34.5 34.6

Poor / Very poor 2.7 6.2 5.1 13.6
Chronic conditions

0 22.0 17.2 14.0 10.3%*

1 23.7 20.1 18.3 14.4

2 23.4 21.5 22.5 17.7

>3 30.9 41.1 45.2 57.6
Body mass index"

Overweight / Obese 7.2 3.3% 31.0 21.8*

Normal 80.4 72.7 59.3 54.3

Underweight 7.2 13.4 3.3 4.9
Smoking status

Smoker 23.7 30.1%* 2.9 2.1

Former smoker 44.0 41.6 2.7 1.2

Never smoker 254 16.7 88.7 81.5
Physical activity

Active 44.3 29.2% 46.1 23.5%

Sedentary 46.7 57.4 47.7 58.4
Alcohol consumption (last 12 months) 67.7 53.6 46.3 27.6
Daily hours of sleep

< 7 hours 15.1 17.7 27.2 23.9%

7 to 9 hours 68.4 59.8 59.9 47.3

More than 10 hours 12.7 12.0 8.5 15.6
Hospitalised (last 12 months) 5.8 18.7* 4.7 14.4*

* Statistical significant differences between alive and dead groups (p <0.05).
" Body mass index is the result of dividing weight (Kg) by height (m?).

Table 11 presents the distribution of disability status at baseline by vital status in
1994 for men and women. Differences were found between those who were
alive and those who died, those who died showing more difficulties and

dependency in both men and women.
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Table 11: Disability status at baseline according to vital status in 1994, by gender.

Men Women
Alive Dead Alive Dead
(n=>551) (n=243) (n=291) (n=209)
Disability status at baseline
Independent 77.0 57.4* 64.4 37.0%
Difficulty 19.6 33.0 30.1 41.6
Dependent 1.7 7.7 2.5 16.9

* Statistical significant differences between alive and dead groups (p <0.05).

With respect to survival data, it is interesting to observe the behaviour of the
group at risk when there are both right-censored and left-truncated data (see
Figures 16 and 17). The observed dynamic pattern due to the staggered entries
into the study increases the group at risk, in contrast to the right-censored data
scenario where the group can only diminish over time due to the elimination of

those individuals who die.

Figure 16: Group at risk: Men. Figure 17: Group at risk: Women.
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5.2. Empirical validity of the disability indicators

As a first step in this work, the validity of the underlying hierarchical pattern
between basic and instrumental activities of daily living in our environment was
evaluated. It was hypothesized that the hierarchy of the BADLs will differ with

respect to IADLs due to the differences in the biological/physiological process.
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In general, an individual is able to perform the BADLs before that IADLs, and
he/she also loses first the ability to perform the BADLs.

Table 12 presents the ADLs distribution for the entire sample, men and women
at baseline. The rank of basic and instrumental activities of daily living was the
same, irrespectively of sex. Surprisingly, a BADL, cutting their toenails,
showed the higher rate of impairment (11.8% of the participants reported to be

unable to do the activity without assistance).

Figure 18 shows the graph with the two main factorial axis and the ADLs
projected on them'*®. The first Axis separated those who reported information
from those who did not. The second Axis represented a gradient of functional
capacity, distinguishing those who had no difficulties from those who had
difficulties, and from those who were unable to perform the activities. Thus,
descending along the Axis 2 increased the level of impairment in ADLs.
BADLs and IADLs showed a similar pattern, the activities were grouped into
three different sets (independent, with difficulty, and dependent), irrespectively
whether they are basic or instrumental. The IADLs were frequently situated in
the second half of the group, which means a higher level of impairment; with
the exception of the activity ‘cutting their nails’ that showed a different
behaviour that the other ADLs, difficulty in cutting their nails is placed near to
the ‘independent group’ whereas, unable to cut their nails is located in the ‘with
difficulty’ group. The results derived from the analysis supported the
hierarchical structure pattern between basic and instrumental ADLs and the lack

of validity of the activity ‘cutting their toenails’. Also, disability of activities
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depending on lower-extremity functions seemed to be greater than from
activities related to upper-extremity functions. It may be explained by the
hypothesis that lower-extremity disability precedes upper-extremity disability in

elderly people.'’

Shopping showed to be the most severe IADL whereas cooking the less severe.

This result contradicts the finding of a previous study'®®

, although it is
consistent with the cultural behaviour of the Spanish elderly men at that time
when almost exclusively women carried out household tasks. Also, the low
prevalence of impairment in cooking for men since they did not cook; as a
consequence they do not report any difficulty in cooking since they are not
aware of them. This reflects that activities relevant to elderly men and women

in one culture may not be so in another culture.

As a result of the findings of the multiple correspondence analysis, the disability
assessment is based only on the BADLs, specifically on nine of them omitting

the activity ‘cutting their toenails’.

1% The screen plot of the first 32 eigenvalues pointed out the existence of two significant
factorial axis, which retained 55% of the variability of the data. Similar contribution of the
categories of each ADL to the construction of the factorial axis was observed.

5" Dunlop D.D., Hughes D.S.W. and Manheim L.M. Disability in activities of daily living:
patterns of change and a hierarchy of disability. Am J Public Health 1997;87:378-83.

¥ Finch M., Kane R.L. and Philip I. Developing a new metric for ADLs. JAGS
1995;43:833-40.
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Table 12: Distribution of the activities of daily living (ADLSs) at baseline stratified by sex.

Activities of daily living Men Women
(n=1,315) (m=506) (n=809)
No Non- No Non- No Non-
difficulty Difficulty Unable response | difficulty Difficulty Unable response | difficulty Difficulty Unable response

% % % % % % % % % % % %
Basic ADLs
Using the toilet (toi) 93.6 2.0 0.8 3.7 95.3 1.4 0.6 2.8 92.6 2.3 0.9 4.2
Eating (eat) 92.9 2.9 0.5 3.7 94.3 2.6 0.4 2.8 92.1 3.1 0.5 4.3
Brushing hair/ shaving (bru) | 91.9 3.6 0.9 3.7 93.7 2.8 0.8 2.8 90.7 4.1 1.0 4.2
Dressing (dre) 90.8 4.9 0.7 3.7 92.9 3.4 1.0 2.8 89.5 5.8 0.5 4.2
Going outside (out) 84.8 8.5 3.2 3.5 89.5 5.1 2.6 2.8 81.8 10.6 3.6 4.0
Bathing (bat) 84.1 9.3 3.3 3.3 89.7 5.3 2.2 2.8 80.6 11.7 4.1 3.6
Sitting (sit) 80.5 15.2 0.8 3.4 87.7 8.9 0.8 2.6 76.0 19.2 0.9 4.0
Walking (wal) 73.9 21.4 1.3 3.4 78.7 17.8 1.0 2.6 71.0 23.6 1.5 4.0
Going up/down stairs (sta) 68.3 25.2 3.3 3.3 74.9 20.4 2.0 2.8 64.2 28.2 4.1 3.6
Cutting their toenails (nai) 66.7 18.3 11.8 3.2 74.7 15.0 7.7 2.6 61.7 20.4 14.3 3.6
Instrumental ADLs
Cooking (coo) 92.9 1.7 1.7 3.7 92.9 1.7 1.7 3.7 91.1 2.5 2.2 4.2
Managing money (mon) 92.0 1.8 2.7 3.5 92.0 1.8 2.7 3.5 91.0 1.9 3.1 4.1
Using the telephone (tel) 90.6 3.4 2.4 3.5 90.6 3.4 2.4 3.5 89.9 3.5 2.6 4.1
Shopping (sho) 88.8 3.4 4.3 3.5 88.8 3.4 4.3 2.1 85.0 5.1 6.1 3.8
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Figure 18: Hierarchical pattern of the activities of daily living: Multiple Correspondence Analysis.
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5.3. Thesis papers

Paper

Objective

Finding

1. Lamarca R., Alonso J.,
Goémez G. and Mufioz A. Left-
truncated data with age as the
time-scale: an alternative for
survival analysis in the elderly
population. J Gerontol Med Sci

1998; 53A:M337-M343.

To illustrate the usefulness of
taking age 65 as the origin
point for the analysis of
survival time in the elderly,
instead of the date when the
study was started.

The use of age as time scale
is deemed more appropriate
for survival analysis of the
elderly: inferences are easier
to interpret and final models
are simpler.

2. Lamarca R., Ferrer M.,
Andersen P K., Liestol K.,
Keiding N. and Alonso J.
Changing relationship between
disability and survival among
the elderly at different ages. J
Clin Epidemiol 2003; 56:1192-
201.

To describe the relationship
of disability with mortality at
different ages, allowing for
changes in disability status
during the follow-up period

e Disability increases
monotonically over time
while the risk of mortality
associated with disability
varies with gender an age.

e Elderly disabled women
show higher rates of
disability and are less likely
to recover from disability.
They should be considered a
target group for
intervention.

o [t is necessary to consider
disability status as a time-
dependent variable, to avoid
an underestimation of its
association with mortality.
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APER 1: Left-truncated data with age as the time-scale: an alternative

for survival analysis in the elderly population.

Lamarca R., Alonso J., Gémez G. and Mufioz A. Journal of Gerontoly Medical
Sciences 1998; 53A:M337-M343. Copyright © The Gerontological Society of America.
Reproduced by permission of the publisher

The definition of age as time-scale in the survival analysis made the comparison
of mortality between men and women easier. It was performed by using only a
graphical display and a log-rank or Wicoxon text. However, it was necessary to
drawn three graphs to carry out a similar comparison when using the time-on-
study as scale (one per each age group: 65-74 years old, 75-84 years old, and
more than 85 years old), because it was not possible to account for the effect of
age in a continuous fashion. Further, an additional method was then needed to
link the survival curves from the different graphs and perform also an overall
test. It was also possible to estimate more percentiles of the survival time, such
as the second and third quartiles for those subjects not disabled (16.9 and 22.5,

respectively) that couldn’t be provided with the time-on-study scale.

It also overcame the confusing role of age since a substantial number of risk
factors correlate with age. The statistical models were more parsimonious since
they avoided the inclusion of interaction terms (i.e., age*time-on-study) due to
the inherent assumption of linearity between the independent variables and the
outcome in the semi-parametric Cox model. Although the results derived from
both approaches were similar in the multivariate context, the estimates were
slightly attenuated in the analysis of age as time scale, RR= 1.84 vs. 1.77 for
males and RR= 2.10 vs. 1.92 for females in time-on study and age as time
scales, respectively, because the adjustment by age was tighter using age as time

scale.
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Moreover, the estimates derived from the multivariate semi-parametric Cox
models were finer since the adjustment by age was more efficient: RR= 1.84
vs. 1.77 for males and RR= 2.10 vs. 1.92 for females in time-on study and age

as time scales, respectively (see, Table 13).

In addition, the shape of the hazard curves matched that of the population, an
increasing risk of dying as people age, since we were studying the ageing
process instead of the time-on-study. Finally, the multivariate models were
potentially more parsimonious because the number of interaction terms due to

the assumption of linearity is diminished.

Table 13: Semi-parametric Cox model stratified by gender for both time-on study and age as
time scales.

Men Women
Time-on-study Age Time-on-study Age
Relative Risk Relative Risk Relative Risk Relative Risk
(95% CI*) (95% CI) (95% CI) 95% CI)
Age
65 - 74 years 1(—) 1(—)
75 - 84 years 2.25 (1.68-3.00) 2.80 (2.06-3.82)
> 85 years 3.24 (1.39-7.59) 6.33 (3.64-11.01)
Basic ADLs'
No disability 1(—) 1(—) 1(—) 1(—)

Disability 1.84 (1.38-2.46) 1.77 (1.32-2.36) 1.84 (1.38-2.46) 1.77 (1.32-2.36)

* Confidence Interval
T Activities of Daily Living
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Left-truncated Data With Age as Time Scale:

An Alternative for Survival Analysis
in the Elderly Population

Rosa Lamarca,' Jordi Alonso,' Guadalupe Gémez,? and Alvaro Mufioz*

‘Health Services Research Unit. Institue Municipal d'Investigacié Madica (IMIM), Barcelona, Spain.
‘Department of Statistics and Operation Research, Universitat Politécnica de Catalunya, Barcelona, Spain.
"Department of Epidemiclogy, School of Hygiene and Public Health, Johns Hopkins University, Battimore.

Background. The standard approach for survival analysis of the elderly population is to define the survival time as
the elapsed time from entry info the study until death, 2nd to adjust by age using siratification and regression proce-
dures. However, the interest is in the study of the aging process and the risk factors related to it, not in the use of time-
on-study as the ume scale. Here, we present methods (o use age as the time scale and compare inferences and interpre-
tations with those obtained using the standard approach.

Methods. A total of {315 individuals aged 65 years or older from the city of Barcelona, Spain, were interviewed in
1986 (baseline). The vital status of the cohort was assessed in October 1994, To illustrate the uscfulness of age as time
scale (alternative approach) instead of time-on-study in the survival analysis of the ¢lderly population, both methods
were used to assess the relationship between baseline functional capacity and mortality.

Resutlrs. Using the ahernative approach, we observed that 50% of the sample died at age 80.6 years; this information
could not be estimated with the standard approach. Using age 2s a covariate in the standard analysis with time-on-
study as the time scale and using age as the time scale in the alternative analysis, the association of functional capacity
at baseline and monality was of similar magnitude under both analyses. Nevertheless, using the alternative approach,
relative risks were slightly lower, and the adjustment by age was tight and was not subject to the inheren: assumptions
in regression models of the functional relationship of independent variables with outcome. We illustrated the methods
with fixed covariates (i.e., gender) and baseline values of time-dependent covariates (i.e., functional capacity), but we
discussed the extension of our methods for the analysis of time-dapendent covariates measured at several visits in a
cohort study. Methods proposed here are easily implemented with widely available statistical software packages.

Conclusions, Although the use of standard survival analysis generally produces correct estimates, the use of age as
time scale is deemed mwore appropriate for survival analysis of the elderly: Inferences are easier to interpret and final
models are simpler. We therefore recommend the use of age as time scale for survival analysis of the elderly population,

HE stratum of population older than 65 years is grow-
ing considerably faster than the rest of the population.
The projections for the period 2000-2025 are that the
elderly population will increase an average rate of 2.6%,
compared te 1.2% for the overall population (1). As a con-
sequence, aging of the elderly population itself is expected
(2). The aging process may be associated with a higher risk
for chronic diseases and mortality (3). Therefore, older
adults have become a very important focus of interest for
clinical and epidemioclogical research.

Cohon studies have been useful for the identification and
understanding of how different risk factors may lead to pre-
mature mortality or loss of functional capacity at older ages
(3). Typically, the putative risk factors are assessed at base-
line, and individuals are followed with “dead” as the end-
point. The standard, “time-on-study™ approach for the anal-
ysis of this type of data is to define survival time as the
elapsed ume from entry inte the study until death. How-
ever, the entry time into the study as origin point lacks the
characteristics of a meaningful interpretation that other

points may have (e.g., the moment when an intervention is
carried out, a point of change in the disease or when a dis-
ease begins, or even when a person is classified as an
“elder”). In studies of the elderly population the interest
is in the study of the aging process, and this process has
been conventionally considered to begin when the indi-
vidual is age 65 and not when the subject enters the study
cohort. Study subjects therefore are included in the sample
if they are alive at the date that the study started and if they
have reached age 65 at the entry time, that is, if their sur-
vival time exceeded that age. As a maner of fact, we are
not truly interested in the mortality rate as a function of
time since recruitment, because this is a function of the
study duration, instead of the mortality rate as a function of
the aging process duration. In addition, age per se is asso-
ciated with survival and with the risk factors of interest;
there is a high correlation of many of the risk factors with
increasing age, such as blood pressure and cholesterol (4),
among others, and therefore age acts as a confounder fac-
tor. The standard statistical procedures partially overcome
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this fact by means of adjusting by age (5), stratifying by
age (6), or by computing age-adjusted inctdence rates (7);
however, it is necessary to take into account at what ages
the risk factors are measured (8), because, for example, to
be disabled at age 90 is not the same as to be disabled at
age 67.

An alternative approach is to consider the surviva) time
as the elapsed time from age 65 until the event of interest.
In this approach, the time scale is age and not the time in
the cohort. Thus, this approach directly takes into account
the age effect on morality, adjusting automatically for the
confounding effect of age. This approach will allow us to
draw individual inferences at specific ages {i.c., the survival
probability will be based on an individual aged x years
instead of an individual whao has spent v years in the study
cohort), and it weuld provide a more understandable inter-
pretation (9). These and other related issues were discussed
recently by Kom and colleagues (10).

The alternative approach is more appropriate for survival
studies of elderly populations where the interest is in
describing the factors that modify the hazard of death after a
specific age, say, 65 years. In observational swdies. individ-
uals enter the study at different ages, but those who have
entered the study after the origin point (older than 65 years)
enter “late™ into the observation (left-truncation) and their
peers who died before the study started are not observed.
Usnally, the data are right-censored; that is, the event of
interest (death) is not observed at the end of the study (either
because the individual was lost to follow-up or was alive at
the end of the study). In these sttuations, where the observed
data are left-truncated and right-censored, one needs to use
the extension of the standard proportional hazards model by
incorporating the delayed entries,

The aim of this research is to illustrate the usefulness of
taking age 65 as the origin point for the analysis of survival
time in elders, instead of the date when the study was started.

The time scale of the analysis is age. which is the canoni-
cal scale in a study that attempts to identify factors that
increase the risk of death after controlling for the aging pro-
cess. The results of an 8-year study of elderly people living
in the city of Barcelona, Spain, are used to implement this
alternative approach for right-censored and lefi-truncated
data. Here, we compare the inferences regarding the rela-
tionship of baseline functional capacity and mortality, when
using as time scale the time since entry into the study
(time-on-study) and the time elapsed since age 65 years
(age as time scale). Although the methods have been used
to describe incidence of AIDS in coborts of young homo-
sexual men infected with HIV (11), there is not, to ouwr
knowledge, a repont explaining the methods using age as
time scale in the elderly population, for which this is of
prime importance.

METHODS

Subjects

The data are based on a longitudinal study of a sample of
persons age 65 and oider from Barcelona. Spain. The aim
of the study was to assess the relationship between health
status, health-related behaviors. the use of health services,
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and functional capacity with subsequent mortality. Among
these factors, we chose functional capacity to assess the
relationship with monality. Details of the design and sam-
pling methods of this study have been previously published
(12,13). Briefly, a total of 1,315 individuals, 809 females
and 506 males, were interviewed at their homes berween
January 1986 and Janvary 1987. A second home interview
was cairied out between July 1993 and July 1994. After
approximately 8 years of follow-up (October 1994), the
vital status of the whole cchort was assessed using the
Local Census Register of Barcelona and the Regional Mor-
tality Register of the Generalitat de Catalunya by a confi-
dential record linkage. If the participant did not appear in
registers because he or she had moved away from the area,
an active search was carnied out.

Among the 1,315 participants, 805 (61.2%) were docu-
mented to be alive at the end of the follow-up in October
1994; 452 (34.4%) had died, 37 (2.8%) were lost to the fol-
low-up, and 2] (1.6%) could not be traced. We have
restricted our analysis to those individuals for whom infor-
mation on vital status at the end of the follow-up was avail-
able (n = 1.294), and those subjects who were lost to fol-
low-up were considered as right-censored at the age they
were considered lost from follow-up.

Furthermore, because the main interest was to describe
the refationship between functional capacity and mortality
in individvals between 65 and 90 years of age, we further
restricted our analysis to those who were younger than 90
years at the time of entry into the study (n = 1,275).

Functional capacity was measured based on the difficulty
or need of help in carrying out nine basic activities of daily
living (ADLs). These activities were: walking, going up/
down stairs, bathing, using the toilet, brushing hair/shaving,
dressing, sitting, going outside, and eating. individuals were
defined as “disabled” if they reported being unable to per-
form one or more of the activities without assistance or
having difficulty in performing them and “not disabled”
when they reported being able to perform all the activities
without any difficuity. The survival patterns after 8 years
were compared in these two groups of elders defined by
their functional capacity. In the standard analysis, when
time in the study is taken as the time scale, age was catego-
rized in three groups: younger than 74 years, between 75
and 84 years, and older than or equal to 85 years. The mul-
tivariate analysis using Cox regression was performed,
stratifying by gender.

Staristical Methods

To assess the relationship between functional capacity
and mortality, we analyzed these data using two different
approaches. In the standard approach, time since entering
the study was considered as the time scale; in the alterna-
tive approach, age minus 65 was taken as the time scale.
Some minimal notation required for the analysis is de-
scribed briefly below.

Let Y be a variable measuring the exposure time in years
or longevity process, that is, the ume from entry into the
study {(when the cohort is selected) until death or emigra-
tion if it occurred before October 1994. Let W be the
delayed entry (14), that is. the elapsed time (in years) from
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reaching age 65 until the individual was recruited. Let T be
the complete longevity process, a random variable denoting
the residuai survival time since turning 65 until death or
exit from the study: T = W + Y, We define & as the censor-
ing indicator, that 1s. & = 1 if we observe the event of inter-
est (death) during the follow-up, and & = 0 otherwise. We
assumed that the delayed entry process and the censoring
mechanism are independent of the longevity distribution.

The Kaplan-Meier standard approach for right-censored
data {15,16) is based on the observable data (Y, &) and esti-
mates the survival function by:

) d0y;)
)= - -
i) ;IEL\ {l r(¥) } v

where d(v,) is the number of deaths at time y,, and r(y) is
the number of individuals at risk of dying at time y.

If age is taken as the alternative time scale, the estimator
for the survival function when data are both right-censored
and left-truncated (16,17), is based on the observable data
(W, Y, §). This estimator is given by:

Sn=pzo= L, { 1~ ff{—:’:} )
£,

where, as before, d(r} is the number of deaths at time &, but
the number of individuals at risk at ime &, r{z), only
includes those individuals who have entered the study at an
age younger than ¢, + 65. Note that, in contrast 10 the stan-
dard situation, where r(y,) decreases monotonically, the
number of individuals at nisk () may fluctuate dynami-
cally with time 1.

Figure 1 illustrates the above variables (W, Y, T, and &)
for four different individuals. Individuals A and B entered
the study at 65 years of age, thus w = 0 for both of them.
Individual A died during the study at age 65 + vy, thus 8 = 1,
and individual B was alive at the end of the study when she
was 65 + y years old, thus & = 0. On the other hand, individ-
uals C and D entered the study at age 65 + w, thus w = 0 for
both of them. Individual C died during the study at age 65 +
y + w, thus & = 1, and individual D was alive at the end of
the study. when he was 65 +y + w years old and 5 = 0.

An important feature of the proposed methods is that
individuals are not considered at risk prior o the age at
which they entered the study. Specifically, individual C
does not contribute to the estimation and hypothesis testing
at the time that individual A develops the event of interest.

Parallel 1o the extension of the Kaplan-Meier methods pre-
sented here, the methods of the proportional hazards model
can also be extended for the estimation and hypothesis test-
ing of relative hazards measuring the association between
risk factors and survival with age as the time scale (15).

The methods presented here can be implemented with
several siatistical packages including S-plus, SAS, STATA,
and EGRET. The Appendix includes the commands used to
implement the proposed methods.

RESULTS
The distobution of the main variables of the study cohort
at baseline is shown in Table 1. Among the male popula-
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tion, 198 died and 297 were alive or were lost during the
follow-up. The median age at entry was 75 years among
those who died during the study and 71 vears for the cen-
sored ones. Note that there is a large proportion of individ-
uals who entered the study when older than 74 years. The
median follow-up time for the censored individuals was 8.3
years. The median of the survival time was similar for both
genders. Concerning the functional capacity, we observed
that those individuals alive at the end of the study were sig-
nificantly less disabled than those who died during the
study (p < .001). Among womern, an analogous pattern for
age at entry and for the follow-up time was ohserved. The
median age at entry was slightly higher for the uncensored
group. Concerning the basic activities of daily living,

Individuals
A ¥ ¥ we) =y 8=1
B y 0 w=0 =y &=0
c ¥ Y X w0 =ytw =1
Dot b 0 w0 tey+w §=0
65 age

Figure {. Definition of survival time. y = time from entering the study
until death or emigration: w = time from reaching age 65 until the recruit-
meal inte the study.

Table 1. Age, Foliow-up, Survival Time, and Fanctional
Capacity of the Elderly Cohort

Men Women
Uncensored  Censored  Uncensorad  Censored
{n=198) (n=297) (n=104) in = 586)
Age at Entry
Median 75 hH 76 71
Range 65-87 65-90 6589 65-90
65-74 49.0% T4.1% 37.6% 66.9%
75-84 47 5% 229% 52.6% 25.4%
=85 3.5% % 9.8% 1.7%
Follow-up (y)
Median 4.1 8.3 4.4 8.3
Range 0.1-8.5 0.4-89 0.1-8.7 0.4-8.9
Survival Time
T=W+Y)
Medhan 14.1 14.0 16.2 14.5
Range .2-24.7 1.4-25.0 1.5-24.7 0.4-25.0
Basic ADLs
Mo Disability 57.0% 160.8% 39.7% 62.5%

Netes: Uncensored = died during the study; Censored = alive or 1osi 10
follow-up: ADLs = activities of daily living.
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women presenied a lower level of no disability than men
(p <.00D).

In order to compare mortality of men and women using
the standard survival approach, we split the sample into age
categories (65-74 years, 75-84 years, and 285 years) and
present the corresponding survival curves (Figure 2). A
worse survival experience was observed for men in each
age stratum. Because age is taken care of by definition
(Figure 3), the alternative approach may be represented in
one graph. We were able to assess the differences, when
they existed, between men and women by performing a
log-rank or Wiicoxon test. In contrast, using the standard
approach we had to use some technique that allowed us to
join the three different survival curves and then carried out
an overall log-rank or Wilcoxon test.

To illustrate, Table 2 presenis the estimation of the
median and the first and third quartiles of the survival time
for the male group using the two approaches. While in the
standard case we could only estimate up to the first quartile,
in the alterpative approach the three quartiles were
estimable from the data. Among men older than 65 years,
50% lived to over 80.50 years (i.e., 80.56 = 65 + 15.560).
Analogously, among those who were functionally free of
disability, 75% survived 74.39 years, 50% survived §1.9
years, and 25% survived 87.45 years. In contrast, among
functionally disabled individuals, 50% died before age
76.11. Figure 4 shows the survival curves by baseline basic
ADL categories, when using the alternative method.

It is important to note that the Kaplan-Meier curves
shown in Figures 3 and 4 correspond to fixed (i.e., gender)
and time-varying (i.e., disability) risk factors, respectively.
The interpretation for a fixed covariate is swaightforward,
but for a time-varying covanate the survival functions cor-
respond to those while the disability status remains stable.
Later in this article, we indicate how to extend the proposed
methods to incorporate measures of time-varying covariates
beyend those obtained at baseline as presented here (see
Discussion).

To assess how functional capacity predicts survival, we
carried out a multivariate Cox proportional hazards model
for both survival approaches. Table 3 gives the estimates of
the relative hazard of age and functional capacity. Note that
age is taken into account in the definition of the time scale
and thus was not entered in the aliernative model. Both
methods show that the risk of death of a functionally dis-
abled man is approximately 1.8 times higher than the risk
of a functionally nondisabled man, irrespective of which
methodology was used. Similarly, functionally disabled
women had approximately 2.0 times higher risk than func-
tionally nondisabled women. However, we observed that
the estimated risks were attenuated in the alternative
approach for both (male arid fernale) models.

DASCUSSION

The atm of this research was to show that the use of age
instead of time-on-study as the time scale is an appropriate
way to handle survival analyses of the elderly population.
An advantage of the methods proposed is that they provide
the juxtaposition of all the different periods provided by
different individuals, and in doing so one obtains estimates
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Figure 2. Survival curves by gender stratifying by age (standard
approach: time-on-study as time scale}.

of the survival probabilities at every age in groups that are
homoegenecus according to the risk factors considered in a
given analysis. Another advantage of the proposed alterna-
tive approach is that it has a more straightforward interpre-
tation of mortality, as it is free of the confounding effect of
age, which is automatically taken into account as the mea-
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Figure 3. Survival curves by gender (aliernative approach: age as time
scale).

Table 2, Median, First, and Third Quartile of Elderly Men
by Baseline Functional Capacity and Type
of Survival Analysis Approach
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Figure 4. Survivai curves by functional capacity using age as tirne scale.
B-ADLs = basic activities of daily living.

Table 3. Proportional Hazard Regression Stratified by Gender
for Both Analytical Approaches: Standard (Time-on-Study
as Time Scale) and Altemnative (Age as Time Scale)

Time Scale: Men Women
Time-on-Study Time Scale: Age : -
- Standard  Alwernative Standard ~ Alternative
{standard) {alternative) RH RH RH RH
Q! Median Q3 Q1 Median Q3 Covariate 95%Cly (95%CDhH 95% CI) (95% CI)
Overall 4.92 _ —_ 8.62 15.56 20.67 Age
Basic ADLs gg:g: our 2 I25 2 1s:o
No disability 5. - — 93 6.9 4 years - y
o disability  5.90 39 1690 2245 (1.68-3.00) (2.06-3.82)
Disability 3.29 6.64 — &3 11.11 17.10 >85 years 324 6.33
Notes: Q1 = First quantile; Q3 = Third quartile; ADLs = activities of (139 -7.5%) G.64-11.0D
daity living. Basic ADLs
No disability 1 1 1 1
Disability 1.84 .77 2.10 1.92
(1.38-2.46) (1.32-2.36) (1.36-2.83) (1.43-2.59

sure of survival time. In fact, the survival curves with this
method are more similar to those deseribing general popu-
lation mortality.

A drawback of the standard approach is that it did not
allow us to estimate either the median or the third guartile
for the survival time of the functionally nondisabled indi-
viduals. This happened because the standard approach does
not maximize the available information of the subjects. For
instance, if an individual age 70 years was alive ai enoy
into the study, then the individual was alive at the begin-
ning of the aging process, that is, at age 65. As a conse-
quence, the survival time considered by the standard method
is shorter than the one used by the alternative approach. In
our case, although the cohort was followed for 8 years, this
was not enough time to estimate the median and the third
quartile. Therefore, possible trends in the data for each
level of functional capacity could not be observed. How-
ever, the alternative approach makes optimal use of the data
by means of extending the follow-up time for each individ-
ual who enters into the study older than 65 vears (Table 2).
It is necessary to point out that the inferences reported by
each method require different imterpretation. The median
computed using the standard approach describes the mor-

Notes: RH = relative hazard; ADLs = activities of daily living.

tality rate as a function of study duration, in this case the
time elapsed since January 1986. On the other hand, be-
cause we are interested in studying mortality of the elderly
populatien, the alternative approach provides the median
age at death that was computed as a function of time since
the onset of the elderly process (65 years). The medians
under the alterative approach have a straightforward inter-
pretation for a fixed covariate (e.g., gender), but they are
interpreted as those obtained under stable conditions for a
time-varying covarijate (e.g., disability).

To overcome the problems mentioned for the standard
approach, other authors have suggested building age-specific
curves for each age group (7). This strategy is, however, less
efficient than the use of the proposed time scale, because it
reduces the information provided by age as a continuous
vaniable. Other alternatives have also been proposed; for
example, the computation of adjusted conditional probabili-
ties of the event at each failure time (18), the average covati-
ate method (18), and the corrected group prognosis (19,20).
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Although it is necessary to break down the age group
into categories for the estimation of the survival functions,
this is not the case for the Cox regression. Specifically, in
the regression setting one can use smaller age groups and
even continuous terms if the association is linear. In doing
s0, one would obtain refative hazards of the exposure of
interest adjusted by age as precise as in the alternative
approach using age as the tirne scale. Indeed, we carried out
the analysis using the standard approach with age as a con-
tinuous variable, and the relative hazards of disability were
1.77 and 1.96 for men and women, respectively. These val-
ues are very close to those obtained using the alternative
approach. However, using age as an independent covariate
with time-on-study as the time scale imposed a structure
(e.g., logarithm of hazard is linear in age) that the alterna-
tive approach avoids because the underlying hazard of the
Cox model with age as time scale is completely unre-
stricted (i.e., the nonparametric component of the regres-
sion approach).

Because data of studies of elderly adults are right-cen-
sored (i.e., some individuals are lost to follow.up or alive at
the end of the study) and left-truncated (i.e., individuals
entered into the study at different ages), an alternative,
more appropriate methodology—namely, the extended-
Kaplan-Meier estimator—was used. This estimator differs
from the standard Kaplan-Meier estimator in that not all the
subjects are considered at risk at time O; that is, those indi-
viduals entering at age A, (older than 65) will not be
included in the definition of the risk set for values t < A,
Then. the covanables of each individual will contribute at
the age that they have been recorded, and not before, avoid-
ing the mixture of information of individuals who have dif-
ferent ages. This prevents the confounding effect of age.

Lefi-truncation is a situation characterized by the fact that
the study cohort does not include those subjects who have
not survived long enough to be observed. Consequently, the
cohort that is observed is an incomplete sample (21,22).
This fact must be taken into account in the statistical analy-
sis. In fact, not including individuals who have previously
died results in an underestimation of the morntality risk,
because the individuals at the highest risk are not observed.
To adjust or to compensate this bias, the survival analysis
with delayed entry is needed (9). With large enough samples
this estirnator has similar properties to the standard product-
limit estimator; that is, it is consistent and its distribution is
approximately normal (23). However, the left-truncated
approach is not free of difficulties. In studies where the sam-
ple size is small, theze is the possibility that the survival esti-
mator may be zero for some t;, resulting in not having any
individual at risk in a given moment. Then, the survival esti-
mator becomes zero for some & > t. Approaches 10 aveid
this problem are given by Lynden-Bell (24).

We have shown the advantages of using age as the time
scale, and how to use methods of survival analysis for
delayed entries to carry out estimation and regression anal-
yses. Here, we have restricted our analysis 1o fixed covari-
ates (e.g., gender), and time-varying covariates measured
only at one time point (i.e., disability measured at baseline).
Because disability is strongly related with age, it is possible
that a person who is not disabled at baseline could become
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disabled at a later age under follow-up; and by simply con-
sidering the disability at baseline, we will be biasing the
comparison toward the null hypothesis. Even though we
found strongly significant results vsing disability at base-
line, it is important to incorporate the time-varying nature
of disability, if available.

The methods presented here can naturally be extended,
s0 as to partition each individual in as many individual
periods correspending to updates of the disability status,
The records for the data analysis will contain: (a) the years
after 65 an individual entered into a certain value of the dis-
ability statns; (b) the years after 65 when that individual
ceased to have that status; and {c) the vital status at the time
the individual ceased to have that status {(i.e., § = 0 if alive
and move to another status, 8 = 1 if dead). In studies where
updates of time-varying covariates are not available, it is
recommended that total follow-up of an individual be
restricted to 2 reasonable length of time when it is expected
that the exposure will not likely change substantially.

It has been postulated that the importance of traditional
risk factors, such as hypertension or smoking, tends to
decrease with age. In the standard approach, this calls for
the introduction of interactions between age and the risk
factor of interest. In the alternative approach, because age
is the time scale, this will correspond to a risk factor not
fulfilling the usual assumption of proportional hazards in
Cox regression. Therefore, in order to allow for a risk fac-
tor to have different levels of association with the outcome
at different ages, all the methods developed to incorporate
departures from proportional hazards are directly applicable
to the alternative methods proposed here (25).

As we have shown, the alternative approach gives a more
intuitively understandable interpretation of the survival
curves, makes possible a juxtaposition of the available in-
formation, and indicates that age is the right time scale to
build adequate inferences. In conclusion, we recommend
the use of age as the time scale in the survival analysis
when dealing with data from observational studies in
elderly subjects.

ACKNOWLEDGMENTS

This work was funded by a grant from the Spanish Fondo de Investi-
gacidn Sanitaria (FIS, Expte.: $1/0629). Rosa Lamarca was funded by a
grant of the Instituto de Salud Carlos IIT (Expee.: 97/4364). Earlier ver-
sions of this article were presented at Sth Spanish Conference of Biometry,
Valencia, 1995, and the XIV Meeting of the Spanish Society of Epidemi-
ology, Zaragoza, 1996,

We are grateful for the reviewers’ comments, which substantially
improved the article.

Address correspondence to Dr. Jordi Alonso, Health Services Research
Unit, Institut Municipal d’Investigacié Médica, Dr. Aiguader, 80. E-08003
Barcelona. E-mail: jalonsc@imim.es

REFERENCES

1. United Nations, Department of Intermational Economic and Social
Affairs, Economic and Social Implications of Population Aging. Pro-
ceedings of the international symposium on population structiure and
development, Tokyo. 10-12 September 1937, New York: United
Nations. 1988,

2. Suzman R, Kinsella K, Meyers GC. Demography of older populations
in developed countries. In: JG Evans, TF Williams, eds. Oxford text-



13.

14,

15.

SURVIVAL ANALYSIS FOR THE ELDERLY

book of Geriatric Medicine. Oxford, UK: Oxford University Press,
1992:3-13.

. Guralnik JM, LaCroix AZ, Branch LG, Kasl 5V, Wallace RB. Mor-

bidity and disability in older persons in the years prior to death. Am J
Public Health. 1991:81:443—447.

. Kuller LH. Are nisk factors for CHD the same at different ages? J

Ciin Epidemiol. 1989:42:91-.93.

. Ruigémez A, Alonse J, Amé JM. Reiationship of health behaviours to

five-year mortality in an ¢lderly cohor. Age Ageing. 1995,24:113-119.

. Grant MD., Piotrowski ZW, Chappell R. Self-reported health and sur-

vival in the longitudinal swdy of aging. 1984-1986. J Clin Epidemiol.
1965:3:375-387.

Cupples LA, Gagnon DR, Ramaswamy R. D'Agostino RB. Age
adjusted survival curves with application in the Framingham Study.
Stat Med. 1993:14:1731-1744.

‘Wallace RB, Colsher PL. Conceptual preblemns in identifying risk fac-
tors for functional deciine in the elderly: A commentary. Ann Epi-
demiol, 1992;2:835-839,

Andersen PK, Borgan O, Gill RD. Keiding N. Siatisrical Models
Based on Counting Processes. New York: Springer-Verlag, 1993,
Kom EL, Graubard BI, Midthune D. Time-to-event analysis of longi-
tudinal follow.up of a survey: choice of the time-scale. Am J Epi-
demiol 1997.145:72-80.

. Muiioz A, Xu J. Models for the incubarion of AIDS and variations

according to age and period. Star Med. 1996:15:2459-2473,
Ruigémez A, Alonso I, Anté JM. Functional capacity and five-year
mortality in 2 sample of urban community elderly. Eur J Public
Heaith. 1993:3:165-171.

Alonso J, Orfila F, Ruigdmez A, Ferrer M, Antd JM. Unmet health
care needs and mortality among Spanish elderly. Am J Pubfic Health.
1997.87:365-370.

Mudoz A, Carey V, Taylor IMG, et al. Estimation of time since expo-
sure for a prevalent cohort. Siat Med. 1992:11:939-952,

Kalbfleish JD, Prentice RL. The Sratistical Analysis of Faiture Time
Dara. New York: Wiley & Sons, 1980.

. Collewt D. Medelling Survival Dara in Medical Researck. London:

Chapman & Hall, 1994,

. Kalbfleish JD, Lawless JF. Some useful statistical methods for trun-

cated data. J Qual Technol, 1992;24:145-152.

. Nieta FJ, Coresh J. Adjusting survival curves for confounders: a

review and a new method. Am J Epidemiol. 1996;10:1059-1068.
Amato DA, A peneralized Kaplan-Meier estimator for heterogenous
populations, Commun Statist-Theorv Merh. 1988;17:263-286.
Kramar A, Com-Nougué C. Estimations des courbes de survie
gjustées. Rev Epidém et Santé Publ. [9%):38:149~[52.

. Hoover DR, Mufioz A, Carey V. et al. The unseen sample in cchort

studies: estimation of its size and effect. Swa: Med. 1991:10:1993-2003.

2. Guang G. Event-history apalysis for lefi-troncated data. Seciof

Methodol. 1993.23:213-233.

. Tsai WY, Jewell NP, Wang MC. A note on the product limit estimator

24,

M343

under right censoring and ieft-truncation. Biomerrika. 1987,74:
583-886.

Lynden-Bell D. A method of allowing for known observational selec-
tion in small samples applied to 3CR quasars. Mon Not R Astr Sec.
1971;155:95-118.

Mufioz A, Sunyer J. Comparison of semiparametric and paramettic
survival models for the analysis of bronchial responsiveness. Am J
Respir Crit Care Med. 1996:154:5234-5239.

Received June 10, 1997
Accepted November 7, 1997

Appendix
Commands in S-plus, SAS, STATA, and EGRET

Using the notation introduced in the Methods section, W repre-

sents the years after 65 when an individual enters the study, T rep-
resents the years after 65 when an individual exits the study, and
delta (6) is the vital status of the individual at exit. Let X denote
the disability variable (= 0 if no, = 1 if yes).

Estimation of the Survival Functions (Figure 3)

S-plus:
SAS:

plot (survfit (coxph (Surv (W, T.delta) ~ +strata(X))))
proc phreg;

model (W,T) * delta(()=;

strata X;

baseline out=cstimate survival=peralive;
proc print;

var T peralive X;

stset T delta, t(W)

sts graph, by (X)

failure-time variable: T

censoring indicator variable: delta
entry-time variable: W

stratify: X

STATA:

EGRET:

Regression {Alternative Models in Table 3)

S-plus:  summary(coxph(Surv(W T.delta) - X))
SAS: proc phreg;
model (W, T)*delta(0)=X;
STATA: stset T delta, tO(W)
steox X
EGRET: definitions as in (I

regression terms: X



Gender differences in the association between disability and mortality in the elderly

APER 2: Changing relationship between disability and survival among the

plderly at different ages.

Lamarca R., Ferrer M., Andersen P.K., Liestol K., Keiding N. and Alonso J.
Journal of Clinical Epidemiology 2003; 56: 1192-201.[Erratum |

The proportion of subjects who were dependent or who had difficulties was
higher among women than men at baseline and at the end of the study (42.0%
vs. 30.0%, and 60.0 vs. 48.7%, respectively). It was observed that a subset of
subjects with disability or experiencing difficulties were able to improve
somewhat their disability status over the follow-up (26.9% for women, and
26.6% for men). Further, a small percentage recovered from the dependent

status.

Among elderly men, low weight was significantly associated with an increased
risk of dying compared to those subjects with a normal weight, RR=2.16.
Former and current smokers had a significantly higher risk of dying than non-
smokers, RR= 1.63 and 2.41, respectively. Among elderly women, no other
variable, apart from disability status, was statistically significant in the

multivariate model.

The effect of disability on mortality varied with age in both men and women as
it was shown by the significant interaction terms between disability and age (the
time scale). To further illustrate the interaction effect, the relative risks by
disability status are graphically displayed for men and women (see Figures 19
and 20, respectively). It was observed that the impact of being dependent on
mortality decreased as subjects aged in both sexes. Also, the relative risk of

dying was higher for women than men at any given time and the differences in
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survival across disability status were greater among women than men. For
instance, the risk was 3.5 for women and 1.8 for men at 80 years, while it was

1.9 and 1.2 at 90 years, respectively.

Table 14: Semi-parametric Cox model for both men and women.

Standard Relative Risk
Error p-value (95% CI)
Men
Body mass index
Normal 0 — — 1(—)
Low 0.77 0.218 < 0.001 2.16 (1.41-3.31)
Overweight or Obese -0.56 0.388 0.146 0.57 (0.27-1.22)
Smoking habit
Nonsmoker 0 — — 1(—)
Former smoker 0.49 0.208 0.018 1.63 (1.09-2.46)
Current smoker 0.88 0.219 < 0.001 2.41 (1.57-3.70)
Disability status
Independent 0 — — 1(—)
Difficulty -0.08 0.204 0.695 0.92 (0.62-1.38)
Dependent 1.47 0.175 < 0.001 4.35 (3.09-6.14)
Disability status * log(time;age)
Difficulty* log(time;age) -0.57 0.392 0.142 0.56 (0.26-1.21)
Dependent* log(time;age) -0.87 0.332 0.009 0.42 (0.22-0.80)
Women
Disability status
Independent 0 — — I (=)
Difficulty -0.20 0.201 0.308 0.81 (0.55-1.21)
Dependent 1.34 0.165 < 0.001 3.83 (2.77-5.29)
Disability status * log(time;age)
Difficulty * log(time;age) 0.61 0.443 0.167 1.85 (0.77-4.40)
Dependent* log(time;age) -1.25 0.340 < 0.001 0.29 (0.15-0.56)
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Gender differences in the association between disability and mortality in the elderly

Figure 19: Relative risk of dying by disability status for Men.
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Figure 20: Relative risk of dying by disability status for Women.
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Abstract

Background: Longitudinal studies estimating the association between disability and mortality in the elderly population have typically
assumed disability constant through the follow-up study period. Current knowledge indicates that such assumptions may not be appropriate.
Our purpose was to examine this association (disability and mortality) taking into account the transitions in the disablement process.

Methods: 1,294 participants (aged 65 and over) in the Health Interview Survey of Barcelona were followed up for a median of 8 years.
Nine basic activities of daily living (ADLs) were measured at baseline and at the end of follow-up. Individuals were defined as “dependent”
if they reported not being able to perform one or more of the activities without assistance. Survival analysis with delayed entry, age as
the time variable, and disability as a time-dependent variable was performed.

Results: The rates of disability had increased by the end of the follow-up (from 42.0 to 60.0% among women and from 30.0 to 48.0%,
among men); 7.5% of disabled women at baseline and 28.5% of men recovered from disability. The adjusted relative risk of dying for
those with basic ADLs dependency varied with age: at 80 years of age it was 3.5 for women and 1.8 for men, while at 90 years it was
1.9 and 1.2, respectively.

Conclusions: Disability increases monotonically over time while the risk of mortality associated with disability varies with gender and
age. Elderly disabled women should be considered a target group for intervention because they show higher rates of disability and are
less likely to recover from disability. Our results illustrate the need to consider disability status as a time-dependent variable, to avoid an
underestimation of its association with mortality. © 2003 Elsevier Inc. All rights reserved.

Keywords: Aging; Activities of daily living; Disability; Follow-up studies; Survival; Proportional hazards model

1. Introduction sively used for assessing the need for health services [7]
and as eligibility criteria for long-term care [6,8].

The relationship between disability and mortality has often
been analyzed by means of logistic regression, with the
main outcome being vital status. That is, the association has
been assessed ignoring possible changes in the risk of death
over time. Some studies overcame this limitation by taking
into account the time elapsed from entry into the study
until death or emigration or the end of the study using
survival techniques. However, as far as we know, these studies
have considered disability as a time-fixed variable, not taking
changes into account during the follow-up period.

Wallace and Colsher [9] have pointed out that when con-
sidering disability and chronic illnesses, the change over

Disability is an important indicator of health status of the
elderly people that has been shown to be strongly associated
with mortality [1-5]. The importance of disability mea-
sured by limitations in performing certain activities of daily
living (ADLs) relies on the fact that it provides a measure
of the burden caused by suboptimal health. It is the result of
a large number of factors such as underlying diseases,
coexisting chronic conditions, psychologic aspects, and
social and environmental factors [6]. ADLs have been exten-

* Corresponding author: Tel.: +34-93-225-7553; fax: +34-93-221-
4002.
E-mail address: jalonso@imim.es (J. Alonso).

0895-4356/03/$ — see front matter © 2003 Elsevier Inc. All rights reserved.
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time of exposures and their differential impact must be
considered. This suggestion is consistent with previous
studies that have shown that disability follows a dynamic
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pattern, with an increasing prevalence of dependence with
age, but also with a small subset of individuals who are able to
regain independence [10,11]. As a consequence, the
association between mortality and disability found with a
long follow-up period and a fixed measure of disability may
be misleading. Typically, the estimated association will be too
weak. Moreover, there is little information about the changes
in disability that elderly people experience over time and
the effect of such changes on survival.

The objective of the present study was to describe the
relationship of disability with mortality at different ages,
allowing for changes in disability status during the follow-
up period.

2. Methods
2.1. Sample

Data come from the Health Interview Survey of Barce-
lona, a longitudinal study of the noninstitutionalized elderly
population, aged 65 and over, and resident in Barcelona
(Mediterranean city with about 1,500,000 inhabitants [12]
located in the north-east of Spain). The study was conducted
to examine the relationship between health-related character-
istics, the use and need of health services, and subsequent
mortality. The used was derived from an adaptation of the
supplement on aging in the 1984 U.S. National Health Inter-
view Survey [13].

The sampling design has been described in detail else-
where [2,14-16]. A representative sample from the elderly
population of Barcelona was drawn (n = 1,632 of eligible
individuals). Among them, 1,315 elderly people were ini-
tially interviewed face to face at home between January
1986 and January 1987, representing a response rate of
80.6%. However, we restricted our analyses to 1,294 traced
subjects because 21 participants were lost immediately after
the baseline interview.

Reassessment was performed between June 1993 and
June 1994: we obtained information from 754 subjects who
were alive at the evaluation period and 281 subjects who died
before the follow-up evaluation; and no reassessment infor-
mation was available for 259 subjects, of whom 117 were
confirmed alive and 142 were confirmed dead. A total of
382 interviews (30%) were answered by proxies, 101 corres-
ponding to alive individuals and 281 corresponding to parti-
cipants who had died during the follow-up period. In both
cases, the profile of the proxy was similar: the majority of
them were close relatives (around 84 and 93%, respectively),
lived in the same house (83 and 72%, respectively) and
knew very well the participant (95 and 91%, respectively).
We collected information on sociodemographic factors, self-
rated health, disabilities, chronic diseases, and life style
among others, in both evaluations. Among those with a
follow-up evaluation (1,035), all except one provided infor-
mation on disability at baseline and at follow-up. For the

remaining 259 with only baseline disability information,
the latter was assumed to remain stable throughout the
follow-up period, except for 12 individuals with missing
data on disability at baseline. These 13 individuals, who did
not report information on disability status either at baseline
or at follow-up, were excluded from the survival analysis
(1.0% of the whole cohort).

The vital status and causes of death were ascertained for
the whole cohort in October 1994, after a median of 8.1
years of follow-up. The information was collected from
the Local Census register of Barcelona and the Regional
Mortality Register of the Generalitat de Catalunya by confi-
dential record linkage. Causes of death were classified ac-
cording to the 9th revision of the International Classification
of Diseases [17].

2.2. Measures of disability

Disability was measured by questions on nine basic activi-
ties of daily living (B-ADL) derived from the Katz scale:
walking, going up/down stairs, bathing, using the toilet,
brushing hair/shaving, dressing, sitting, going outside, and
eating. Subjects were asked about their difficulty to carry out
the activity (none, a little, moderate, and unable to perform
without help) [13]. The combination of the responses to each
activity yielded an overall categoric measurement grouped
into three categories: Independent, those with no difficulties
in performing the nine activities; With difficulty, those with
difficulties (a little or moderate) in at least one of the activi-
ties; and Dependent, those needing help in performing at
least one of the activities.

To account for the effect of change in disability status
on the risk of death over time, some additional information on
the nine activities during the follow-up was retrospectively
collected. Change in disability status was defined as a change
of category (independent, with difficulty, dependent) in any
B-ADL that could affect the variable derived from the combi-
nation of the nine B-ADLs. The variable was constructed
as follows: (1) subjects who reported having difficulties in
the reassessment were asked “how long have you experi-
enced any difficulty in performing activity ?”’; (2) the subjects
who rated themselves in the reassessment as dependent were
asked “how long have you needed help to perform activity?”
and “how long did you have any difficulty in performing
activity before needing help?”’; (3) for those individuals re-
porting a new disability status at the reassessment but no
information on the duration (n = 116), a duration of 1 year in
this status prior to the measurement was assumed; (4) in a
few individuals (n = 70) for whom a discrepancy between
the first and the second evaluations was found, the first
disability status was assumed to have a duration of 0.1 years;
(5) for those individuals not reinterviewed and with baseline
information on disability status (n = 247), their disability
was assumed to remain equal to the baseline during the whole
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follow-up period; and (6) finally, for those individuals who
had died and had become impaired during the last year of
their life or did not report the duration, the cause of death
and the cause of disability were compared (n = 90). If
both causes were the same, only the baseline information was
used to avoid an overestimation of the association between
disability and mortality (n = 65).

For the present analysis, we used the following informa-
tion obtained at baseline to adjust the estimates of the relation
between disability and mortality: age, gender, marital status
(married, widowed, and separated-single-divorced), educa-
tion level (none completed, primary, and secondary, or
tertiary), living arrangements (with others, alone), self-rated
health status (very good, good, fair, poor, very poor), comor-
bidity (<1, >1 chronic conditions), sleep hours per day
(<7, 7-9, >9 hr), smoking status (never, former, current),
alcohol intake (no, yes), body mass index (BMI), chronic
limitation of activity, and physical activity.

Due to the differences observed in the distributions be-
tween males and females, BMI was categorized by using
the quartile values specific to each gender and grouping the
two highest groups: low weight <21.35, and <18.88; normal
21.36-30.24, and 18.89-26.66; overweight-obese =30.25,
and =26.67 kg/meter?, respectively, for men and women.
Chronic limitation was ascertained using the following ques-
tion: “Do you have any obstacle or difficulty to perform
your principal activity (principal activity could be paid work
or house work or usual activity for those retired) during the
last 12 months?” Daily physical activity was assessed by
asking the interviewees to grade their total physical activ-
ity during the day in four categories. Those declaring “doing a
job that requires a great deal or extra effort” or “walking
frequently during the day” were classified as “active,” while
those “expending most part of their daytime standing up but
not walking” or “sitting most of the day” were classified
as “sedentary.”

2.3. Statistical analysis

The survival analyses were formulated in the counting
process framework [18]. Age was used as the time variable,
with 65 years old as the point of origin for the survival
time with the purpose of studying the association of disability
with the ageing process [19].

Graphs of the crude hazard function were smoothed using
a kernel method with a bandwidth of 6 years to describe
the instantaneous death rate at each age.

To estimate the effect of disability on mortality controlling
for covariates, the semiparametric Cox model for delayed
entry and time-varying covariates was applied [18,20,21].
The inclusion of the disability status as a time-dependent
variable in the Cox model allowed us to use all the informa-
tion provided by the subject (baseline and follow-up) to
study the relationship between disability and mortality at
different ages. Interaction terms between each covariate and
age were explored, as well as interaction terms between

covariates. Several plausible relationships between age and
disability were considered to define the interaction, and fi-
nally, the logarithm of age was used, although the obtained
estimates for different functions were quite similar.

Separate models were built for each gender, because
the way of experiencing disability has been described to
be different for men and women [22]. In addition, women
consistently show a higher prevalence of chronic conditions
than men, and different types of diseases [23]. The PROC
PHREG routine of SAS was used to fit the aforementioned
models [24].

3. Results

The distribution of the main variables of the study cohort
at baseline is shown in Table 1. More than 60% of the
subjects were women (n = 794); the mean age at entry into
the study was 74.4 (SD =7.0) for women and 73.5
(SD =5.9) for men. The majority of men were married
(80.2%), and were living with others (91.4%). Women were
less educated (18.1% with no studies completed), mainly
widowed (49.5%) or married (38.7%), and about a quarter
of them lived alone. Only 5.6% of the men had overweight
or obesity, while this proportion was of 28.2% among
women. Conversely, the proportion of current and former

Table 1
Description of the characteristics of the sample at baseline (1986)
by gender

Men Women
(n = 500) (n=1794) P-value
Age (mean, SD) 73.5 (5.9) 74.4 (7.0) <.001

Marital status (%)

Married 80.2 38.7
Widow 14.0 49.5 <.001
Single/divorced/separated 5.6 11.2

Education level (%)
Tertiary or secondary 35.4 17.0
Primary completed 56.4 63.4 <.001
None completed 7.8 18.1

Living arrangements (%)
With others 91.4 73.9 <.001
Alone 8.4 25.9

Body mass index (%)
Low 9.8 3.8
Normal 77.2 57.8 <.001
Overweight-obese 5.6 28.2

Smoking status (%)
Never smoked 21.8 86.5
Former smoker 43.0 2.3 <.001
Current smoker 26.4 2.6

Self-rated health status (%)
Very good 9.8 6.9
Good 52.6 433 <.001
Fair 26.4 34.5
Poor-Very poor 4.2 7.7

Vital status (October 1994) (%)
Dead 41.8 30.6 <.001




Table 2

Evolution of disability status during the follow-up period in men (n = 500)
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Disability status at follow-up (1993-1994)

Independent Difficulty Dependent Missing All n (%) Total with information®
Disability status at baseline (1986)
Independent 169 46 59¢ 70 344 (68.8%) 344 (70.0%)
Difficulty 25 19 51 31 126 (25.2%) 126 (25.7%)
Dependent 3 1 10 7 21 (4.2%) 21 (4.3%)
Missing 2 1 2 4 9 (1.8%) nad
ALL n (%) 199 (39.8%) 67 (13.4%) 122 (24.4%) 112 (22.4%) 500 (100%) n.ad
Total with Information” 199 (51.3%) 67 (17.3%) 122 (31.4%) na‘ na‘ na!

# Those subjects without missing data on disability at baseline (Independent + Difficulty + Dependent).
® Those subjects without missing data on disability at follow-up (Independent + Difficulty + Dependent).
¢ Seventeen individuals had difficulties in performing B-ADLs before becoming “dependent.”

4 Not applicable.

smokers was high among men (26.4 and 43.0%, respectively)
but very low among women (2.6 and 2.3%, respectively). At
baseline, 50.2% of women rated their health as very good
or good, while that proportion increased to 62.4% among
men. However, the proportion of deaths during the follow-
up period was higher for men than women (41.8 vs. 30.6%).
All gender differences were statistically significant at a P-
level <.001.

Tables 2 and 3 show the transitions between the different
disability status (independent, having difficulties, and depen-
dent) for male and females, respectively. Figures about
transitions of disability status were calculated for those with
available information at follow-up. At baseline, the propor-
tion of subjects who were dependent or who had difficulties
was higher among women than men 42 vs. 30%. Women
also showed higher rates of disability than men at the end
of the 8 years of follow-up: 60.0 vs. 48.7%.

Almost half of the men who were independent at baseline
remained independent at the time of the second assessment,
while this proportion was somewhat lower among women
(61.7 and 49.2%, respectively). The most unstable group
was that formed by the elderly people, who reported at
baseline to have difficulties when performing the activities:
only 20.0% among men and 30.2% among women remained

Table 3

Evolution of disability status during the follow-up period in women (n = 794)

in the same group after 8 years of follow-up, among those
with follow-up information. The majority of those who
were dependent at baseline were also dependent at follow-
up. Recovery from being dependent was less likely among
women than among men: three women (7.5%) and four men
(28.5%) improved their disability status. A subset of those
who had some degree of disability (difficulty or dependent)
at baseline improved their disability status (26.6% for men,
and 26.9% for women).

Table 4 presents descriptive survival data stratified by
gender. Both for men and women a strong gradient in mortal-
ity with disability status at baseline was observed.

Survival analyses showed that elderly individuals with
disability had higher mortality risks than those who were
independent. Fig. 1 shows the smoothed intensity curves of
death by gender and disability. They show an increased death
intensity with increasing age in all groups, except for those
men who were dependent, for whom the concave shape of
the curve indicates that the risk of dying decreased with age
for high values of age. This suggests that dependent younger
males make up a selected group a very high risk.

In addition to disability, the following factors were sig-
nificantly (P < .01 level) associated with all-cause mortality
among males in the univariate analyses: smoking habit,

Disability status at follow-up (1993-1994)

Independent Difficulty Dependent Missing All n (%) Total with information®
Disability status at baseline (1986)
Independent 181 105 82°¢ 77 445 (56.0%) 445 (58.0%)
Difficulty 62 61 65 267 (33.6%) 267 (34.8%)
Dependent 1 2 15 55 (6.9%) 55 (7.2%)
Missing 7 3 9 27 (3.4%) nal
All n (%) 251 (31.6%) 171 (21.5%) 206 (25.9%) 166 (20.9%) 794 (100%) n.a¢
Total with Information” 251 (40.0%) 171 (27.2%) 206 (32.8%) nad nal nad

# Those subjects without missing data on disability at baseline (Independent + Difficulty + Dependent).
® Those subjects without missing data on disability at follow-up (Independent + Difficulty + Dependent).
¢ Twenty-seven individuals had difficulties in performing B-ADLs before becoming “dependent.”

4 Not applicable.
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Table 4
Baseline disability status of the sample and survival status at follow-up, stratified by gender
Male (n = 500) Female (n = 794)
Person-years Deaths Person-years Deaths
n Total n (%) n Total n (%)
Overall 500* 7,491 209 (41.8%) 794% 13,065 243 (30.6%)
Disability status at baseline 1986
Independent 344 4,966 120 (34.9%) 445 6,747 91 (20.4%)
Difficulty 126 2,011 69 (54.8%) 267 4,688 101 (37.8%)
Dependent 21 359 16 (76.2%) 55 1,185 41 (74.5%)

# Nine men and 27 women did not report disability status at baseline.

level of physical activity, bodymass index, comorbidity, and
chronic limitation of activity. For women, the factors that
showed a significant relationship with mortality were, in
addition to disability status, level of physical activity, chronic
limitation, self-rated health status, and alcohol consumption.

In the multivariate analysis, only body mass index and
cigarette smoking remained statistically associated with sur-
vival among men (Table 5, left column). Compared to elderly
individuals with normal weight, the relative risk of mortal-
ity (RR) was 2.16 (95% CI = 1.41-3.31) for those who
reported a low weight, and an RR of 0.57 (95% CI = 0.27-
1.22) for those who were overweight or obese. Relative to
nonsmokers, the risk of dying was significantly higher for
former and current smokers: RR = 1.63 (95% CI = 1.09-
2.46), and RR = 2.41 (95% CI = 1.57-3.70), respectively.
The association of disability status with mortality varied
with age, as shown by the statistical significance of the
interaction between logarithm of time (age) and disability.
Also among women, the relationship between disability and
mortality was modeled by means of a nonproportional Cox
model (Table 5, right column). Disability status remained
statistically significant associated with survival time, as
did the interaction between logarithm of time (age) and
disability.

The estimated relative risks by level of disability at differ-
ent ages are displayed in Fig. 2. All the curves indicate a
nonconstant relationship of disability and mortality with age.
The relative risk of death among those elderly men who
were dependent diminished over age-time compared to those
who were independent. However, at age 82, those men who
were still dependent had a 50% higher risk of dying compared
to those who were independent. Compared to independent
women, the relative risk of death slowly increased for those
women who reported having difficulties, while the risk
decreased for those who were dependent.

4. Discussion

The purpose of the present study was to examine the
association between disability and mortality in the elderly
population taking into account the possible changes in the
disability status. We wanted also to evaluate the intensity of
functional loss and its impact on mortality at different ages.

Compared to predominant survival analysis strategies for
the elderly population, which define the survival time as
the elapsed time from entry into the study until death, our
approach via survival analysis with age as the basic time
variable and delayed entry [18,19,25,26] offered several
advantages. First, the methodology for delayed entry assured
that the estimated survival experience from the sample
matched that of the study base. Second, the calendar time ap-
proach considered all the risk factors in the same time
moment at the starting of the follow-up. This heterogeneity
lead to survival curves more flat than expected due to the
confounding effect of age. However, any confounding by
age was directly handled using age as time variable, and
by using age-dependent covariates allowance might be made
for age-dependent exposure variables and for age as an
effect modifier.

The most important characteristic of the analytical ap-
proach presented here is that it allowed individuals to change
their disability status during the period under observation.
In the standard approach, an individual independent at base-
line is considered independent until the end of follow-up,
even if she/he has become dependent during this period.
Taking into account that elderly people are more likely to
worsen their disability status than to improve it, this standard
approach would tend to consider as independent individuals
who would be actually dependent. As a consequence, the
association between disability and the outcome variable, in
this case death, is usually underestimated. There is contro-
versy in studies assessing disability trends on aging. These
uncertainties may be partially explained by this misclassifi-
cation problem. Whether disability status will decline in
parallel with mortality or whether the decline will be faster
or slower is a key policy question for health services plan-
ning. This issue is better approached from a longitudinal
point of view.

Two findings are noteworthy in the current study. The
first is that disability status did not show the same pattern of
decline for all individuals, but rather a dynamic pattern in
which a small subset of individuals regained independence.
The proportion of recovery estimated in our study is similar
to that reported in previous studies [4,27,28], although com-
parability is limited due to differences in design, in definition
of disability and in the length of follow-up. Recovery from
being dependent in basic ADLs was less likely among
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Fig. 1. Smoothed hazard curves by disability status according to gender (bandwidth of 6 years).

women than among men, as previously observed by Beckett
et al. [10]. Nevertheless, we should be cautious due to the
small numbers in the group of dependent elderly people in
our study.

The second finding is that not only the disability status
changed with age, but also the strength of its association
with mortality varied. Thus, the relative risk of death among

those elderly people who were dependent decreased with
age in both genders. This variation may reflect that disability
has a different impact at different ages, as previously sug-
gested by Ferrucci et al. [29]. These authors reported that
elderly people developing severe disability at older ages
were more likely to suffer from a longer disabling process than
those at younger ages. Conversely, it has been suggested that
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Table 5
Risk of death by disability status: estimates derived from a multivariate Cox model
Males Females
Standard Relative risk Standard Relative risk
B error P-Value  (95% confidence interval) f error P-Value  (95% confidence interval)

Body-mass index

Normal 0 — — 1(—)

Low 0.77 0.218 <.001 2.16 (1.41-3.31)

Overweight—obese —-0.56 0.388 .146 0.57 (0.27-1.22)
Smoking habit

Never smoked 0 — — 1(—)

Former smoker 0.49  0.208 .018 1.63 (1.09-2.46)

Current smoker 0.88 0.219 <.001 2.41 (1.57-3.70)
Disability status

Independent 0 — — 1(—) 0 — — 1(—)

Difficulty —0.08 0.204 .695 0.92 (0.62-1.38) —0.20 0.201 308 0.81 (0.55-1.21)

Dependent 1.47  0.175 <.001 4.35 (3.09-6.14) 1.34  0.165 <.001 3.83 (2.77-5.29)
Disability* log(age-time)

Difficulty* log (age-time)  —0.57  0.392 142 0.56 (0.26-1.21) 0.61 0.443 167 1.85 (0.77-4.40)

Dependent* log(age-time) —0.87  0.332 .009 0.42 (0.22-0.80) —1.25 0.340 <.001 0.29 (0.15-0.56)

those who are dependent at younger ages are more frail
because the strategies that they would typically use to com-
pensate for their disability would have already failed [30].
This difference in coping with disability by age could partly
explain the observed variation in the strength of the associa-
tion between disability and mortality.

The shape of the hazard rate curve for men shows that
disability is influencing the mortality process, in the sense
that disability status is measuring how far or close the subject
is to death. Those subjects closer to death (the dependent
group) showed a declining hazard ratio of mortality from
the eighties, whereas those subjects with difficulties or inde-
pendent showed an increasing ratio. Itis important to note that
although the hazard rate is a measure of the development of
risk in a single subject, it is influenced by selection effects
among individuals (i.e., the weakest subjects die first, which
results in survival bias). However, this age-related pattern
is not observed among women, because their absorption point
(death) is further away than that for men, due to the differ-
ences in life expectancy by gender. This age-related effect
of disability on mortality is well in agreement with the
interpretation of the shape of the hazard ratio made by Aalen
and Gjessing [31].

Women presented higher rates of disability, and their
disability had a stronger association with mortality than men.
This is consistent with the study of Merril et al. [32], who
showed that the excess of disability reported by women truly
reflects a higher level of functional limitation. This would
also be consistent with a previous finding in this cohort
comparing the performance of a walking speed test and
the chair stand test with their corresponding self-reports
in two basic ADLs [33]. We found a higher rate of reported
disability among women compared to men, and that it was
accompanied with a higher rate of observed functional limi-
tation. The lack of perfect agreement between self-reports
and performance of tests was not influenced by gender.
In addition, more elderly men than women would recover

from disability in our study. Thus, we can conclude that
disability among elderly women is both more prevalent, and
more strongly associated to mortality.

Several methodologic limitations of the present study
must be taken into account. First, the fact that the time
history of disability was assessed retrospectively may imply
recall bias mainly due to erroneous recollection of when
transitions between disability status took place. For instance,
if most people overreported the disability length, the associa-
tion between disability and mortality would have been under-
estimated. If the contrary, it would have been overestimated.
Ideally, studies should contain repeated evaluations of ADLs
to minimize this type of error. Nevertheless, the proportion
of subjects who improved their disability status was similar
to previous studies [4,27,28], which would support the valid-
ity of the approach used. On the other hand, to perform a
validation, the information collected at the time of the second
assessment (retrospective information) was compared with
the disability status at baseline. Only a small number of
discrepancies were observed (70 subjects) supporting the
validity of the data. Such validation was not possible for
some cases (116 individuals) where the beginning of a new
disability status was missing. For these individuals, an arbi-
trary duration of 1 year in this status prior to the measurement
was assumed. In selecting that arbitrary duration we tried
to bias the comparisons towards our null hypothesis (i.e.,
no differences in mortality according to disability status).
Given that the global tendency is to worsen health status,
our assumption very likely led us to consider an individual
as dependent or with difficulties less often than was really
the case.

Second, the assessment of changes in disability status
was not possible for those subjects who did not participate in
the second assessment (n = 259). Among those, 115 subjects
showed difficulties or dependency at baseline, contributing
with a short survival time (3.9 years). The assumption of
no changes in their disability status may not have a great
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Fig. 2. Relative risk of mortality for disability in basic ADLs at different ages, by gender. 95% UCL = 95% upper confidence limit; 95% LCL = 95%

lower confidence limit; RR = relative risk.

impact on the subsequent inferences for this subgroup due some underestimation of the association between disability
to the short follow-up time. On the other hand, considering status and mortality.
those subjects who were independent at baseline as indepen- A third limitation of our study is that the information on

dent through the entire follow-up period may have led to disability status for those who had died before the second



1200 R. Lamarca et al. / Journal of Clinical Epidemiology 56 (2003) 1192—1201

assessment was obtained from proxies. If proxy respondents
overreported disability of the deceased individual, as some
authors have suggested [34-36], then an underestimation of
the mortality risk may have resulted. However, in a previous
study of the same sample comparing reported disability and
performance tests, no significant differences by informant
source (self or proxy) were found [33]. Thus, we believe
that this has not influenced the results obtained.

Finally, if disability is caused by the presence of a fatal
disease leading to death in a short time, an overestimation
of the association between disability and mortality will
be observed. To minimize this bias, the cause of death and
the cause of disability were compared in those individuals
who died during the study period and had become impaired
during the last year of their life (n = 90). If both causes
were the same, only the baseline information on disability
was used (n = 65). A sensitivity analysis was carried out
including the follow-up disability information provided for
these subjects, the estimated relative risk for the dependent
group increased more than 10 times (data not shown).

In this article we applied nonstandard survival methods
to describe the association between disability and mortality
in elderly people. Despite the limitations of the study, these
methods allowed us to extend prior findings showing that
the effect of disability on mortality changes with age, among
elderly individuals. Thus, disability at younger ages was
associated with increased relative risk of death compared to
that for older ages (RR = 1.80 at 80 years oldand RR = 1.15
at 90 years old, for men and RR = 3.53 at 80 years old and
RR = 1.86 at 90 years old, for women). According to our
results, disabled elderly women should be considered a target
population group when planning health services, because
they show higher rates of disability and seem less likely to
recover from disability. Moreover, disability among women is
associated with a higher risk of dying than among men. On
the other hand, it is important to point out that disability
should be considered a time-dependent variable to avoid a
possible underestimation when analyzing its association with
the outcome variable.
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5.4. Support papers

Paper

S1. Sunyer J., Lamarca R. and
Alonso J. Smoking after 65 years
of age and mortality in Barcelona-

city. Am J Epidemiol 1998;
148:575-80.

Objective

e To study the hazard of dying
associated with long term
smoking among persons who
survive to the age of 65 years

To study the benefits of
quitting smoking in the
elderly population, taking into
account baseline health status.

Finding

e The study confirms that the
effects of smoking extend to
later life. That is, an excess of
all cause and cancer mortality:
aRR*=2.11 (95%CI":1.4-3.3)
and aRR=3.11 (95%CI:1.4-
7.0), respectively. Also the
risk of dying due to
cardiovascular and respiratory
diseases were in the expected
direction although not
statistically significant
(aRR=1.33 and 3.36,
respectively).

Stopping smoking after age 65
reduces the risk of dying.
aRR=1.53 (95%CI:1.0-2.3)

S2. Ferrer M., Lamarca R.,
Orfila F. and Alonso J.
Comparison of performance-based
and self-rated functional capacity
in Spanish elderly. Am J
Epidemiol 1999; 149(3):228-35.

To evaluate the agreement
between self-report of
disability and performance-
based measures for some
basic mobility tasks in the
community-dwelling elderly
of a Mediterranean country.

To examine the factors which
may influence self-report
independently of physical
function.

There is moderate agreement
between self-report and
performance-based measures.

The direction of the differences
is not systematic.

Disagreement between both
measures is influenced by the
level of perceived health status
(those with worst health status
tended to overreport functional
limitations).

S3. Orfila F., Ferrer M.,
Lamarca R. and Alonso J.
Evolution of self-rated health
status in the elderly: cross-
sectional vs. longitudinal
estimates. J Clin Epidemiol 2000;
53:563-70.

To assess self-reported health
status evolution.

To assess the differences in
the estimation of age-related
changes in reported health
status cross-sectionally and
longitudinally.

Ageing is associated with an
increased deterioration in
perceived health status.

The use of longitudinal studies
to understand the evolution of
perceived health in the elderly
is recommended (the estimate
of perceived health changes
inferred from a cross-sectional
analysis of the data
undervalued the level to which
deterioration in perceived
health is associated with ageing
by a factor of 8.7).

“aRR: adjusted relative risk
"CI: confidence interval
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Smoking after Age 65 Years and Mortality in Barcelona, Spain

Jordi Sunyer,' Rosa Lamarca,? and Jordi Alonso?

The objective of this study was o assess the risk of dying associated with smoking after the age of 65 years ]
and the benefits of quitting smoking, taking into account baseline health status. The study was carried out in

Barcelona, Spain, a southem European city with an increase in smoking prevalence and lifestyle different from ;
those of other areas where hazards of smoking have been studied. A follow-up study begun in 1986 was f
carried out in 477 males {94.3% of the original cohort) who were randomly selected by census from members
of the Barcelona general population aged =65 years. Vital status as of October 1994 and, where appficable,
cause of death (cardiovascular disease, cancer, or respiratory disease} were assessed. The relative risk of
dying was 2.11 (95% confidence interval (Cl} 1.37-3.26) times higher in current smokers and 1.53 (95% CI
1.03-2.27} times higher in former smokers than in never smokers. Quitting simoking after the age of 65 years
reduced the relative risk of dying to 0.77 (95% CI 0.51-1.16} in comparison with continuing to smaks, although
persons who stopped smoking had poorer self-perceived health and were more frequently reported to suffer
from cardiovascular disease (g < 0.09). This study confirms that the effects of smoking extend to later fife in
this elderly general population, with a magnitude as great as that seen in previous studies with different
peopulations. In addition, it indicates that stopping smoking after age 65 reduces the risk of dying. Am J

Epidemiol 1998;148:575-80.

aged; mortality; smoking; survival

Recent prospective studies have shown that the ef-
fect of smoking on survival extends to later life (1, 2).
Previously it had been suspected that smokers who
survived to old age had a risk of death similar to that
of never smokers (3). Furthermore, a recent report
showed that the impact of smoking in absolute terms
(the difference between smokers and nonsmokers in
risk of dying) increases with age (4). A related obser-

vation of studies carried out in the elderly has been.

that stopping smoking after the age of 65 years prob-
ably reduces the risk of death (1, 2). Since persons
who stop smoking in later life are likely to do so
because of ill health (5), and because health status
affects fatality from chronic diseases (6) as well as the
hazard due to smoking (7), the benefit of quitting
smoking in this age group has probably been under-
estimated.

Most of the currently available prospective informa-
tion on mortality and smoking was based on a UK
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Abbreviations: Cl, confidence interval; |CD-9, international Clas-
sification of Diseases, tinth Revision; RR, relative risk.
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cohort of physicians (1) and on general population
cohorts followed in the United States (2, 8, 9). How-
ever, temporal variations in smoking pattemns vary
widely according fo geographic area. In Spain, smok-
ing was mainly limited to males until recently; and
increased smoking of manufactured cigarettes among
Spanish males started in the late 1940s and reached a
peak during the mid-1980s, some 25 years later than in
the United Kingdom and the United States (10}. This
could account in part for the lower incidence of lung
cancer in Spain during the late 1970s and 1980s {(ap-
proximately two times lower) (10, 11). Geographic
differences in other lifestyle factors, such as alcohol
consumption (12), could also imply geographic differ-
ences in the effects of smoking on risks of cancer and
cardiovascular disease (13, 14).

We had the opportunity to follow a general population-
based cohort of elderly people in Barcelona, Spain,
with reported information on perceived health and
chronic diseases. Our objective was to study the haz-
ard of dying associated with long term smoking among
persons who survive to the age of 65 years and the
benefits of quitting smoking after that age, taking into
account baseline health status. This information may
contribute to a better assessment of the worldwide
epidemic of smoking-related deaths.
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MATERIALS AND METHODS

A cohort of 1,315 individuals (506 males and 809
females) aged 65 years or older was interviewed in
- 1986, as part of the Health Interview Survey of Bar-
celona (15). Briefly, a nonproportional random sample
of all households in the city of Barcelona, stratified by
district and family size, was drawn from the local 1985
census (16). The sample comprised 1,632 (638 males
and 994 females) noninstitutionalized elderly people.
The analyses described in this paper were based only
on the 506 males aged =65 years (79 percent of those
selected) who responded. Females were excluded, be-
cause almost all of them (94 percent} had never
smoked (15). ‘

The variables studied have been described else-
where (15, 17). Briefly, information on self-perceived
health {“How would you rate your overall health: very
good, good, fair, poor, or very poor?”), basic activities
of daily living (measured by the self-reported ability to
perform nine basic activities of daily living), chronic
conditions (using a checklist with 14 conditions com-
mon among the elderly, including asthma or chgonic
bronchitis and heart diseases), total physical activity
{in four graded categories), alcohol consumption dur-
ing the previous 12 months (based on a quantity/
frequency scale), and cigarette smoking (never,
former, or current smoking and age at quitting, but not
type of tobacco) was collected through a face-to-face
home interview. Among surviving individuals, the
same variables were assessed in 1993-1994.

Vital status in October 1994 was obtained for 500
(98.8 percent) of the original 506 men, 209 (41.8
‘percent) of whom had died, using confidential record
linkage with the regional mortality register. A tele-
phone survey was carried out for those not listed in the
mortality register, which allowed validation of vital
status. All subjects but six were comtacted. For 23
subjects, information on smoking was missing. Hence,
we studied 477 individuals (94.3 percent of the orig-
inal cohort), Table 1 shows the ages at entry of these

TABLE 1. Distribution of 477 men aged 265 years by age at
study entry in 1986 and vital status in 1954, Health Interwew
Survey of Barcelona, Barcelona, Spain

Age (years) : % Mean
alefﬁ":yw No. of years of
(1966) duaths foMow-up
65-74 2310 294 7.1 {2.3)*
75-84 150 56.7 5.8{2.5)
»>84 17 70.6 4.4 {3.1)
Al ages 477 39.4 6.6 (2.5

* Numbers in parentheses, standard deviation.

individuals and the mean follow-up time for each age
group.

Smoking status was defined by the category in
which subjects placed themselves in 1986. In addition,
former smokers were categorized according to the age
at which they had stopped smoking, the median age
being approximately 64 years. No individual classified
as a current smoker in 1986 reported being a never
smoker in 1994. Similarly, none of the never smokers
in 1986 reported being current smokers in 1994.

Mortality hazards were estimated for lifelong non-
smokers and for former and current smokers. Causes
of death were classified according to the Ninth Revi-
sion of the International Classification of Diseases
(ICD-9) (18) on the basis of the underlying cause
recorded in the death register, Mortality rates for each
smoking category were calculated by dividing the
numbers of deaths from all causes and from cardio-
vascular disease (ICD-9 codes 390-459), lung cancer
(ICD-9 code 162}, all cancers (ICD-9 codes 140-239),
and respiratory disease (ICD-9 codes 460-519) by the
accumulated person-years of follow-up (19). Rates
were standardized by age in years. Rate differences for
specific causes of death by smoking status were as-
sessed using Poisson regression (19), since cause-
specific mortality rates followed a Poisson distribu-
tion. Poisson regression allowed adjustment for other
risk factors for death at baseline in addition to age,
such as perceived healih, reported chronic conditions,
current alcohol intake, basic activities of daily living,
and current physical activity.

Mortality from all causes was asscssed using sur-
vival methods, which are based on a much finer divi-
sion of time than Poisson regression methods. The
survival function for all causes of death by smoking
status, using age as the time scale and entries at
different ages, was estimated by means of the Kaplan-
Meyer method and the Cox proportional hazards
model (20). The latter aliowed us to caleculate the
relative risk of dying among current smokers in rela-
tion to that among never or former smokers, adjusting
for the other risk factors. Using age as the time scale
allows comparisons between the hazards of death in
groups of comparable ages but in different calendar
periods. Since individuals entered into observation at
different ages, the survival methods used here were
those for cohort studies with staggered entry times. An
individual subject contributed to the risk sets only at
ages where he could have been observed. Compari-
sons carried out did not violate the assumption of
constant proportionality of the hazards. The inclusion
of interaction terms in the model allowed assessment
of whether the relative risk associated with smoking
varied according to baseline health status.

Am J Epidemiol  Vol. 148, No. 6, 1828

o i



Smoking after Age 65 and Mortality 577

TABLE 2. Baseline health status {%} of 477 men aged =65
years, according to cigarette smoking, Health Interview
Survey of Barcelona, Barcelona, Spain, 1986

status Baseline smoking stalus
at study ) B Nem:et Forr:\ar Curt.e.m
enlry
(n=120y (n=222) ({n=135}

Fair, poar, or very poor self-

ralad health 328 387 237
Difficulty or dependence in

basic activities of daily lifa 26.9 344 22.6
Heart disease 9.2 171 8.2
Respiratory disease 76 20.7* 185+
Poor baseline health {any of

the above) 55.0 64.9+ 511

* p < 0,05 in comparison with nevar smokers (logistic regression
analysis with adjustment for age).

RESULTS

Only 120 (25.2 percent) of the 477 men were never
smokers. Two hundred and twenty-two men (46.5
percent) had stopped smoking, and 135 (28.3 percent)
were current smokers, The average duration of smok-
ing was 42.6 years in former smokers and 53.4 years
in current smokers. Among the former smokers, 47.8
percent had stopped smoking after the age of 65 years.

Individuals who had stopped smoking (former
smokers) reported poorer baseline health than never
smokers and a higher frequency of cardiac and respi-
ratory conditions’ (table 2). Health status was worse
among men who had stopped smoking after the age of
65 years (38 percent of them reported having difficulty
in activities of daily living and 23 percent had respi-
ratory diseases). Current smokers reported being in
better health than never smokers and less frequently
having difficulty or dependence in activities of daily
living; however, the differences were not statistically
significant (p > 0.1), except for the prevalence of
respiratory diseases (p << 0.05).

The age-adjusted rates of specific and all-cause

mortality are shown in table 3. Current smokers had
higher risks of dying from any type of cancer (age-

- adjusted relative risk (RR} = 3.11, 95 percent confi-

dence interval (CI) 1.38-7.01), from cardiovascular
disease (RR = 1.33, 95 percent CI 0.71-2.50), and
from respiratory disease (RR = 3.36, 95 percent CI
0.64-17.4) than never smokers, though the difference
was statistically significant only for cancer (p <
0.05). Adjustment for self-perceived health, activities
of daily living, cardiac or respiratory diseases, alcohol
intake, and physical activity did not confound or mod-
ify these risks.

The yearly excess mortality attributed to the persis-
tence of smoking was 38.4 deaths per 1,000 persons
aged =65 years. The highest proportion of the excess
mortality was due to cancer (26.9 — 9.2 = 17.7 (see
table 3), which accounts for 46.1 percent of the ex-
cess), followed by cardiovascular diseases (14.8 per-
cent) and respiratory diseases (10.9 percent).

Figure 1 depicts the survival function after age 65
years for never, former, and current smokers, by age.
Half of the never smokers died before reaching age
84, whereas half of the current smokers died before
reaching age 78. The age-adjusted relative risk for
current smoking was 2.11 (95 percent CI 1.37-3.26).
This higher risk was maintained after adjustment for self-
reported health status, basic activities of daily living, and
cardiac or respiratory diseases. We did not find any
interaction between smoking and alcohol consumption;
the preventive effect of alcohol intake among never
smokers was also observed among smokers.

Among former smokers, the relative risk for all-
cause mortality was significantly higher than that in
never smokers (RR = 1.53, 95 percent CI 1.03-2.27)
but was lower than that in current smokers (RR =
0.73, 95 percent CI 0.52-1.02), coinciding with the
survival function depicted in figure 1. After adjust-
ment for baseline health status, the relative risk of

TABLE 3. Average annual age-adjusted mortality per 1,000 person-years of observation for major :
causes of death, by smoking status at bageline: Health Interview Survey of Barcelona, Barcelona, Spain,

1986-1994
Age-adjusted modtality rale
(deaths per 1,000 persern-years)
Cause of death Never smokers Former smokers Current smokers
(ICD-gt codes} @RIt (BB/134) {63/72)
Rate 95% CIf Rale 5% Ci Rate 95% Cl

Cancer (140-239) 92 4.6-18.5 12.2 T.7-19.4 26.9* 17.9-40.5
Cardiovascular disease {390-459) 181 11.3-2883 263 18.3-34.9 238 11.4~30.4
Respiratory disease (460-519) 17 0.4-7.1 6.0 3.2-11.8 59 2.4-14.1
Al causes a7.7 27.1-52.5 60.4* 49.0-74.5 76.1¢ 59,4974

* p < 0.05 in comparison with never smokers, assuming a Poisson distribution,
1 ICD-8, International Classification of Diseases, Ninth Revision; Cl, confidence interval.

1 Numbers of persons {dead/alive).
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FIGURE 1. Survival (proportion) after age 65 years according to smoking status, Barcelona, Spain, 1986-1984. —, never smokers; - - - -,

former smokers; — — -, current smokers.

dying among individuals who had quit smeking in
comparison with current smokers decreased to 0.69
(95 percent C1 0.49--0.97). After adjustment for base-
line health, quitting smoking after age 65 years was
associated with a decreased risk of death in compari-
son with persisting in smoking (age-adjusted mortality
from all causes = 69.0 deaths per 1,000 person-years;
RR = 0.77, 95 percent CI 0.51-1.16), although this
reduction was not statistically significant.

DISCUSSION

This study found that smokers who survived to old
age had a higher risk of dying than did never smokers,
while those who stopped smoking, even after age 65
years, had an intermediate risk. These results confirm
the findings of previous studies carried out in the
United Kingdom and the United States (1, 2, 8, 9). A
second finding was that former smokers reported more
cardiac and respiratory diseases than never smokess,
which is consistent with results from the Framingham
cohort (4). This suggests that poorer health was one
reason for quitting smoking.

This study contributes to the ongoing assessment of
the worldwide epidemic of smoking-related deaths in
several ways: 1) it provides data from a specific area
with a relatively late ounset of cigarette smoking and
with dietary factors that differ from those of other
studies, including different patterns of alcohol con-
sumption (12); 2) the data analyzed were based on a
representative sample of the noninstitutionalized el-

derly population; and 3) we were able, at least par-
tially, to avoid the confounding effect of a worse
health status associated with stopping smoking in eval-
uating the benefit of quitting smoking after age 65.

It is important to note that the tobacco consumed in
Spain during the 1960s and 1970s was mainly the
black type, which differed from the mainly blond
tobacco consumed in the United Kingdom and the
United States. Blended tobacco was introduced in
Spain in the 1960s, and its use increased until 1988,
when it constituted half of all tobacco sold in Spain
{21). However, we could not assess the effect of to-
bacco type in our study.

The magnimdes of the risk ratio and risk difference
for all-cause mortality were somewhat greater in our
study (RR = 2.1) than in a US study (2) (RR = 1.9)
and in a UK study (1) among persons aged 65 years or
older (RR = 1.7). Doll et al. (1) reported a decrease
with age in the risk of dying due to smoking, which
they explained by a reduction in the proportion of
deaths caused by cancer and the reduction in intensity
of smoking among the elderly. In our study, most of
the excess mortality attributed to tobacco use was due
mainly to cancer (46 percent of the excess deaths), not
to cardiovascular conditions as in previous studies (1,
2). Similarly, in the mortality statistics of Barcelona
(22), the proportion of mortality due to cancer at ages
65-74 years was higher (38 percent) than that in the
United Kingdom (24 percent) and the United States
(26 percent) (1, 2). Since misclassification of diag-
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noses is unlikely to occur when causes of death are
combined into a few large groups, as a previous va-
lidity study conducted in Barcelona showed (23), a
likely explanation is that the cancer epidemic due to
smoking in Barcelona was postponed, appearing in
persons of older ages because of a delay in the intro-
duction of mass cigarette smoking.

We found a benefit of stopping smoking in this
elderly Barcelona cohort that was consistent with find-
ings from other cohorts. An imprevement in survival
was observed, even though persons who had stopped
smoking had poorer self-perceived health and were
more frequently reported to suffer from cardiac and
respiratory diseases. Those who stopped smoking after
age 65 also showed a reduction in the mortality hazard
(though it was not statistically significant, probably
because of the reduced number of subjects who guit
after age 63).

Alcohol could confound some of the association
between smoking and premature death, because of its
protective effect against cardiovascular disease (13,
14) and because smoking and alcohol use are highly
correlated. Alcohol consumption is common in Spain
(74 percent of our males drank alcohol), but most of
our subjects (81 percent) reported moderate consump-
tion (<40 g/day). However, for both all-cause and
cardiovascular mortality, we found similar relative
risks associated with smoking in alcohol consumers
and abstainers, as well as similar protective effects of
alcohol in smokers and nonsmokers.

Misclassification of smoking status could have bi-
ased our results. However, use of repeated information
on smoking allows assessment of and improvement in
the quality of data. When we took as “never” smokers
and “current” smokers only those individuals who
reported being such in both interviews (i.e., in both
1986 and 1993-1994), the hazard ratio for smoking
became even higher (RR = 2.49). The lower relative
risk found when we defined smoking only by the
information obtained in 1986 can probably be ex-
plained by the misclassification, as current smokers, of
subjects who siopped smoking between 1986 and the
year of death. Unfortunately, the short time interval
between the second interview and the end of follow-up
precluded the use of this secondary information on
smoking to more accurately define exposure. The
group with less consistent data was the former smok-
ers, since this group could have included persistent
smokers who, because of embarrassment, did not ac-
curately report their actual smoking status. However,
when we defined smoking only by the men who re-
ported being former smokers on both questionnaires,
we still found a beneficial effect of stopping smoking.

In summary, the present study found that smoking
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reduced life expectancy by approximately 6 years
among persons alive at age 65 in a Mediterranean city.
We estimated that almost 38 deaths per 1,000 males
aged =635 per year could be attributed to smoking—
the same number of deaths that could be attributed to
all of the other causes (table 3). In addition, the find-
ings suggested that quitting smoking was beneficial
even after health had deteriorated (probably in associ-
ation with previous smoking). The resulting estimates
of public health impact are of a similar magnitude as,
if not higher than, those reported by prospective stud-
ies carried out in countries with an earlier peak in
tobacco smoking prevalence and different lifestyle
patterns. These results support the prediction made by
other investigators (24, 25) that a rise in mortality will
follow the recent massive introduction of smoking in
developing couniries.
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Comparison of Performance-based and Self-rated Functional Capacity in
Spanish Elderly '

Montserrat Ferrer, Rosa Lamarca, Francesc Orfita, and Jordi Alonsg

Recent data have shown differences between Spain and the United States in the prevalence of repored
disability among community elderly. Differences in reporting functional capacity by culture may contribute to
these observed differences. The purpose of this study was to estimate the agresment betwaen self-report of
disability and performance-based measures for some basic mobility tasks in the community-dwelling elderly of
a Mediterranean country. interviews containing questions about difficulty for walking and rising from a chair, and
performance-based measures {walking speed and chair stand tests) were carried out in 626 individuals aged
72 years and older in Barcelona, Spain. Kappa statistics were calculated, and logistic regression models were
constructed to identify possible factors asscciated with under- and overreporting functional capacity. Moderate
kappas (0.41-0.55) were found between self-report and performance-based measures. Patients who rated their
health as “poor or very poor” were less likely to underreport disability (adjusted odds ratio {OR) = 0.2, 0.4) but
maore likely to overrepert it (adjusted OR = 23.4, 9.9). No significant agreement differences by sex or informant
source were found. These findings suggest that Spanish elderly self-report functional capacity accurately and
that, contrary to previous results among US elderly, the direction of the observed disagreement is not

systematic. Am J Epidemiof 1999;149:228-35.

activities of daily living; aged; aging; disability; geriatric assessment

In the past two decades, assessment of disability has
been increasingly used to characterize the health status
and health sérvice needs of older populations.
Disability in older persons has been generally assessed
through self-reported indicators of functioning on dif-
ferent activities of daily living. However, it is only
recently that physical performance measures have
been developed. Performance-based measures consist
of objective observations of functional capacity and
are claimed to be applicable cross-culturally because
they seem less likely to be as influenced by culture,
language, and educational level as are self-reported
measures {1-3). A few comparisons between self-
reports and performance test results conducted in the
United States (4-8) and Canada (9} have been pub-
lished, but with no consistent conclusions. However,
good correspondence (overall agreement >80 percent)
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has been found in US studies conducted among com-
munity-dwelling elderly (7, 8).

In Spain, recent data (10) have shown that preva-
lence of reported disabitity in community elderly is
somewhat lower than that reported in the US studies
(11-13), but comparability may be limited due to dif-
ferences in methods and definitions. A potential source
of this difference is that the Spanish elderiy underre-
port disability. This could be due to a lower availabili-
ty of long-term care and social services and/or a dif-
ferent cultural approach to aging (for instance, a much
higher proportion of Spanish elderly live with their
family (10) and institutionalization rates among the
elderly are much lower in Spain than in the United
States).

While performance-based measures are not a gold
standard of disability nor functional capacity, they
seem reliable enough and are probably less culturally
dependent than self-reports in order to make compar-
isons across countries {8, 14). For instance, if preva-
lence of functional limitations as assessed by perfoi-
mance-based measures are similar, differences of
prevalences based on self-reports are more likely to be
due to cultural or environmental factors.

The purpose of this paper was: 1) to evaluate the
agreement between self-report of disability and perfor-
mance-based measures for some basic mobility tasks
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in the community-dwelling elderly of a Mediterranean
country; and 2) to examine the factors which may
influence self-report independently of physical func-
tion.

MATERIALS AND METHODS
Population sample

A cohort of elderly adults included in the “Health
Interview Survey of Barcelona™ (15) was studied.
Details about the study have been described elsewhere
(10, 16, 17). Briefly, from a total sample of 1,632 eli-
gible individuals aged 65 years or older who resided in
the city of Barcelona (population = 1.5 million inhubi-
tants), 1,315 (80.6 percent) participated in the baseline
interview in 1986 and constituted the study cohort
{15). Survivors were considered eligible for a reinter-
view and physical examination conducted between
June 1993 and June 1994, after a median of 7.5 years
of follow-up. The analyses presented here are based on
the 1993-1994 reinterview data, because this was the
only wave on which performance-based and self-
report measures were included.

At the moment of the reassessment, from the 1.315
individuals of the initial cohort, 424 had died and 19
were institutionalized. From the 872 individuals alive
and living in the community, 735 {84.3 percent) were
interviewed (68 refused the interview and 69 could not
be contacted). Compared with participants, persons
who had no second interview were similar in terms of
age, sex, and level of education, and also reported sim-
ilar perceived health and functional capacity to per-
form nine basic activities of daily living at the baseline
interview. Participants were interviewed at their
homes, and performance-based measures were
assessed after the interview. Performance-based data
were missing for 109 of the interviewees (86 were
refusals, 18 did not live in Barcelona, and five pre-
sented cognitive incapacity) and thus were excluded
from the analyses. The final sample size for this analy-
sis was 626, :

Interview

Variables recorded in the interview included: per-
ceived health status, functional capacity, health-related
practices, and health-services utilization, as well as
sociodemographic and other information. Self-perceived
health was assessed by the question, “In general, how
would you rate your health: very good, good, fair,
poor, or very poor?” (13). Functional capacity was
assessed by asking the participants to rate their level of
difficulty to carry out nine basic activities of daily liv-
ing {“What fevel of difficulty do you have to perform
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the activity without help or devices? none, a litile,
moderate or unable to perform the function™). Only the
two activities corresponding with performance mea-
sures (see below) were chosen for the comparison
("walking™ and “standing up and sitting down from a
chair™). Two dichotomous variables were created: indi-
viduals were first classified as having “'‘self-reported
difficulty” it they had reported any level of difficulty,
or “without difficulty” otherwise; subsequently, they
were considered as having ‘“‘self-reported need for
help” if they had reported being unable to perform the
activity without help or devices, or “without need for
help” otherwise. Thus, both variables assessed disabil-
ity, with “self-reported need for help” reflecting a more
severe level.

Physical performance measures

Performance measures were adapted from the
Established Populations for the Epidemiologic Study
of the Elderly (EPESE) performance test, a short bat-
tery of tests to assess lower extremity function, which
has been used widely in the United States (1, [§) and
more recently in the Netherlands (19} to assess func-
tions needed to perform routine daily activities, The
measures were designed to be applied by lay examin-
ers in a home setting with limited space (1).
Interviewers were specially trained in the administra-
tion of the performance measures used in the study, To
ensure uniformity of administration, in training inter-
viewers, we used the videotape produced for the
EPESE with defailed instructions for administering
and scoring the tests, as well as instructions on main-
taining the safety of the subjects.

Walking speed test followed procedures used by the
EPESE, with the exception of the distance: rather than
a course of 8 {t (2.44 m), we used 4 m, as in another
study (20). The walking speed test therefore consisted
of having the participant walk over a course of 4 m and
recording the time needed to complete the entire path.
The test was repeated twice and the shortest time was
used in the analysis. Participants were instructed to
“walk at their usual speed, just as if they were walking
down the street to go to the store,” and they could use
assistive devices if they needed them.

The chair stand test was carried out by having the
participant stand up and sit down from a chair five
times as quickly as possible and recording the total
time required. Chairs were those at the interviewees’
homes.

For both performance measures, a three-level ordinal
variable was constructed, ranging in score from 0 to 2:
( = individuals who could not complete the task or the
task was not attempted; 1 = slower times (>1st guartile
time}; and 2 = quicker times (£lst quartile time).
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Analysis

Differences in sociodemographic characteristics and
functional status by sex were tested using the chi-
square test for proportions.

Comparisons were made between self-reported
function measures and similar physical performance
tests: 1) reported difficulty to walk was compared with
the observed ability to walk 4 m; 2) reported difficulty
to stand up and sit down from a chair was compared
with the observed ability to rise five times from a chair.
Crude agreement and Kappa coefficients were calcu-
lated to estimate the agreement between interview and
physical examination data (21, 22). To determine accu-
racy of reported functional problems, sensitivity and
specificity (23) were calculated for each comparison.
For these analyses, physical performance tests were
considered the “true positive,” although this is clearly
an arguable assumption. Confidence intervals for these
proportions were calculated using the exact binomial
formula. Analyses were performed using the statistical
package Epi Info (USD Inc.. Stone Mountain,
Georgia). All p values are two-tailed.

In addition to agreement, analyses examined the per-
cent of btas in subject self-reportis compared with
observed performance (14, 24). Percent bias was
calculated as the ratio of the difference between the
proportion of reported disability and the proportion of
observed limitation o perform the task, expressed as
percent of the proportion of subjects with observed
limitation. A positive percent bias indicates that sub-
jects reported disability more often than functional
limitation to perform the task was observed. Bias was
tested for statistically significant departures from zero
using McNemar’s test (25).

Logistic regression models were constructed to
identify possible factors associated with under- and

overestimation of functional limitation from reported

disability. Subject’s sex, age, perceived health, level of
education, type of informant (self- or proxy-report),
number of chronic conditions, and health-related prac-
tices (smoking, alcohol consumption, and physical
activity) were included as independent variables.
Analyses were performed using the statistical package
SPSS-PC (SPSS, Inc., Chicago, IHinois).

RESULTS

The mean age of participants was 79 years (standard
deviation (8D) = 5.16). Their soctodemographic char-
acteristics, perceived health status, and both self-report
and performance-based measurements of functional
capacity are shown in table 1. The proportion of indi-
viduals who reported disability was relatively low
even when considering the less restrictive definition

(31 percent reported “difficulty” for walking and 19
percent “difficulty” for standing up). Women reported
more disability than men and also obtained signifi-
cantly worse scores on the physical performance mea-
sures. Individuals with and without physical perfor-
mance data were of similar age and level of education,
and reported similar perceived health and disability,
although information for individuals with missing per-
formance tesi was more frequently provided n inter-
view responses by a proxy.

The comparison between reported “need of help” to
walk and the ability to walk 4 m is presented in the top
portion of table 2. Specificity (98 percent) was high
and kappa was moderate (0.53), indicating that re-
ported disability to walk is acceptably accurate,
Nevertheless, false negatives were quite frequent: 42
percent of participants who were unable to complete
the walk 4 m in the performance test did not report
need for help. For the comparison between reported
“difficulty” and the proportion of subjects who walked
slowly (table 2, middle third), specificity was again
quite high, kappa was moderate, and false negatives
were fairly frequent (40 percent of participants who
walked slowly did not report difficuliy).

The bottom third of table 2 presents the comparison
between reported difficulty to stand wp or sit down
from a chair and observed times to perform five con-
secutive rises from a chair. For this comparison, speci-
ficity (92 percent) was again high and kappa was mod-
erate (0.55), indicating that reported disability to stand
up is accurate. Nevertheless, false negatives were -
moderately frequent (37 percent of participants who
were unable to rise five times from a chair did not
report difficulty). _

For each of the comparisons, although false positive
rates were higher than false negative rates, a lack of
systematic direction of the disagreement was observed
(bias was less than 25 percent and was not statistically
significant), indicating that around 50 percent of sub-
jects overreported their limitation (52 percent for
“need of help to walk,” 57 percent for “difficulty to
walk,” and 49 percent for “difficulty to rise from a
chair” (table 2)) while the other half underreported it.

Multiple logistic regression analysis (table 3)
showed that perceived health was the variable most
strongly and consistently associated with disagreement
between performance and self-reports. Those patients
who rated their health as “fair,” “poor,” or “very poor”
were less likely to underreport but more likely to over-
report disability than patients who perceived health as
“very good” or “good.” In addition, proxy respon-
dents, subjects in the oider age groups, and educated
subjects tended to underreport significantly less “diffi-
culty” in walking (table 3, first column).

Am J Epidemic!  Vol. 149, No. 3, 1999
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TABLE 1. Percent distribution of sociodemographic characteristics and functional status among 626

elderly adults, Barcelona, Spain, 1993-1984

Study sample glissing
. — erformance
Characteristic Males Females p Tolal B vajﬁet
{n=217) (= 409) value* (n = 626] (m=109

Females 65.3 706 0.280
Age (years)

72-74 221 225 22.4 22.9

75-79 38.2 3749 38.0 294

80-84 26.3 257 258 25.7

=85 134 13.9 0.996 13.7 22.0 0.104
Leve! of education

Unable to read or write 2.3 7.8 59 10.3

Incomplete primary school 16.7 29.1 24.8 15.5

Complete primary school 51.6 511 51.3 56.9

High schoal or university 203 120 <0.001 17.9 17.2 0.273
Source of information proxy 5.1 B.8 0.092 7.5 385 <0.001
Perceived health

Very good or good 51.4 40.8 44.5 47.7

Fair asa 44.5 42.6 358

Poor or very paor 97 14.7 0.027 13.0 165 0.348
Reported functional capacity

Difficulty for walking 229 344 0.003 311 38.5 0127

Need of help for walking 2.3 5.6 0.064 4.7 7.3 0.243

Cifticutty for standing up 7.5 24.2 <000 185 19.3 0.847

Need of help for standing up 1.4 4.3 0.057 az 4.6 0.403
4 meters walking speed test

Unable 3.2 4.8 4.2

Slow 18.2 276 238

Quick (7.5 seconds) 80.6 67.7 0.003 72.2
5 times chair stand test

Unable 144 206 18.4

Slow 14.4 236 204

Quick {£16.5 seconds) 71.2 558 <0.001 61.2

* Chi-square test of gender differences.

1 Chi-sguare test of interview differences between those pacticipants with petformance test available and not

available.

In table 4, results from physical performance tests
for the sample studied in this paper (“Spanish sample™)
are compared with those in a previous US study (1}
(“US sample™} which used exactly the same proce-
dures with exception of the distance assessed for the
walking speed test (2.44 m instead of 4 m). Both sam-
pies showed a similar prevalence of individuals who
were unable to perform these tests and required a sim-
ilar time to complete the chair stand test. Nevertheless,
US elderly performed somewhat more poorly than
Spanish elderly in the walking speed test.

DISCUSSION

The purpose of this study was to examine the agree-
ment between self-report of disability and perfor-
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mance-based measures in the community-dwelling
elderly of a Mediterranean community. Although per-
formance measures were considered as the standard
criterion for this comparison, some conceptual differ-
ences between the two measures exist: while subject
self-reports are closer to the concept of disability
because they reflect subjective performance within a
sociocultural context, the assessment of an external
observer is closer to objective functional limitation. An
individual with a limitation in a specific task might
have adapted to his/her environment and may not per-
ceive this limitation as a disability. Also, a limitation
may not translate into disability if the specific activity
is not very relevant for the individual in his/her daily
life. Therefore, perfect agreement was not expected
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TABLE 2. Agreement between reported disability and observed performance among 626 elderly adults, Barcelona, Spain,

1993-1994
Reported Observed Sensilivily* Specificily* % Agregment Kappa % p
parformance parformance (95% CIt) (95% CI) (95% Ci) {SEt) bias valuef
4 meters walk
“Need of help” to walk No. unable No. able
Unable 15 12 0.58 0.98 96 .55 4.0 1.0
Able 1 571 {0.37-077 {0.96-0.99) {94-98) {0.04)
Total 28 583
4 meters walk
“Difficulty” to walk No. slow§ No. quick§
Difficulty 85 75 .60 0.83 78 0.41 13.4 016
Na difficulty 56 367 (0.52-0.68} {0.79-0.86) (74-81) {0.04}
Total 141 442
“Difficulty” to stand up 5 rises from chair
from chair MNo. unable No. able
Difficulty 71 41 0.63 .92 86 055 ~0.9 1.0
No ditficulty a2 455 (0.53-0.72)  (0.89-0.94) (83-80) {0.04)
Total 113 496

* Sensitivity and specificily were caleuiated considering the physical performance test as the gold standard.

T Cl, confidence interval; Sk, standard error.
1 p value for a test of zero bias (McNemar's test).

§ Slow = subjects who spent »7.5 seconds to walk 4 m; quick = subjects who spent <7.5 seconds {0 walk 4 m.

although comparisons between the (wo measures were
considered informative in order to improve the assess-
ment of disability in the elderly (8. 14).

We found moderate agreement between perfor-
mance-based and self-report measures (kappa ranging
from 0.41 to 0.53). Percent agreement (ranging from
78 to 96 percent) is well in accordance with that
reported in comparable studies published in the United
States (7. 8). Nevertheless, while the direction of the
differences abserved in those studies was systematic
(most of the time when a disagreement was identified,
the reported disability was greaier than the functional
limitations observed), in our sample, the direction of
the differences was not systematic. Around 50 percent
of the time when a disagreement between self-report
and performance was identified, the reported disabili-
ty was higher than the functional limitation observed
and the opposite was found for the other half. Thus, the
level of overreporting of disability observed in our
sample was lower than that observed in the US studies.
These results, together with the fact thar there seems to
be no relevant differences in performance-based func-
tional capacity between Spanish and US elderly, sug-
gest that Spanish elderly are truly as functionally
limited as their US peers. Theretore, the lower preva-
lence of self-report disability among Spanish elderly
may be atributed to their lower tendency 10 overreport
observed limitations.

Detailed discussion of the causes of a cultural effect
when reporting disability in basic mobility activities is
beyond the scope of this article. Nevertheless, it may be
speculated that different expectations, and differences
in the availability and access to health services may
contribute to differences in disability reporting for a
similar level of objective functional limitation. In any
case, our results do support the conclusion that both
self-report and performance-based measures of func-
tional limitation provide quite similar aggregate infor-
mation of non-institutionalized elderly in our culture.
This is useful in planning health services. On the other
hand, our results also indicate that information based on
self-reported disability should be used cautiously for
individual assessments.

As in previous studies (7, 26), disagreement between
self-report and performance-based measures was influ-
enced by the level of perceived health status. Subjects
who rated their health as poor (“fair,” “poor,” or “very
poor) were more likely to overreport functional limita-
tion while subjects who perceived their health as “very
good” or “good” tended to underreport limitations. A
possible explanation is that individuals with illnesses
that affect their general health status may perceive
physical symptoms (pain or discomfort) as functional
limitation. Nevertheless, the influence of perceived
health status remained after adjusting by the number of
chronic conditions. Our results suggest that subjects
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TABLE 3. Assoclation of informant, demagraphic charactaristics, and health status with underestimation and overestimation of
functional limitation from reported disability (adjusted by smoking, aleohol consumption, number of chronic conditions, and
physical activity) among 626 elderly adults, Barcelona, Spain, 1993—1994

Underestimation Overestimalion
Characteristic {only pariicipants with functional limitaticn) fonly paricipanis without functional limitation)
or health Waiking slowly* Unable to rise 5 timest Watking quicidyl Able 1o rise 5 times§
stalus (h=141) n=113 (n=442) (n = 496G}
CRY 95% CM OR 95% C) OR 95% Cl OR 95% Cl

Infermant

Set 1.0 1.0 1.0 10

Proxy o1 0.02-0.56 0.3 0.10-1.23 1.8 0.32-8.38 38 0.75-19.1
Sex

Men 1.0 i.0 10 1.0

Women 2.4 0.56-10.0 0.9 0.20—4.11 1.6 0.57-4.70 6.1 0.83-44 .5
Age (years)

73-74 1.0 1.0 1.0 1.0

75-79 0.2 0.04-0.95 15 0.26-8.83 1.6 0.69-3.60 0.8 0.32-1.80

80-84 0.6 0.13-2.71 .5 0.07-3.00 35 1.42-8.39 04 0.12-1.17

>85 04 0.08-1.96 0.9 0.13-6.75 2.9 0.85-10.1 0.8 0.19-3.17
Level of education

Unable 1o read or write 1.0 1.0 1.0 1.0

Incomplete primary school 0.2 0.03-0.94 1.9 0.17-21.1 03 0.10-1.19 0.4 0.11-1.43

Complete primary schaol 01 0.02-0.66 3.1 0.28-34.8 G4 0.12-1.16 4.5 0.15-1.54

High school or university 01 0.01-0.65 9.2 0.59-141.1 .6 0.17-2.06 0.5 0.11-2.32
Perceived health

Very good or good 1.0 1.0 1.0 1.0

Fair 0.8 0.30-2.19 04 0.12-158 3.0 1.47-6.03 2.4 0.92-6.00

Poor or very poor 0.2 0.068-1.04 0.4 0.09-1.75 23.4 7.71-70.9 99 3.03-32.3

* Multivariate logistic regressions with the depandent variable coded as: 0 = agreement {reporting difficulty to walk} and 1 = disagresment

{(reporting no difficulty to walk}.

T Multivariate logistic regressions with the dependent variable coded as: 0 = agreement (reporting difficulty to rise from a chairj and 1 =

disagreemant {reporting rio difficulty ta rise from a chair).

¥ Multivariate logistic regressions with the dependent variable coded as: 0 = agreement {reporting no difficulty to walk) and 1 = disagree-

ment (reparting difficulty to walk).

§ Multivariate logistic regressions with the dependent variable coded as: 0 = agreement {reporting no difficulty to rise from a chair) and 1

= disagreement (reporting difficulty to rise from a chair).
1 OR, odds ratio; Cl, confidence intervai,

with a negative perception of health tended to rate their
functional capacity negatively independently of their
“true” health status. Because a sirong and robust asso-
ciaticn between self-rated health and mortality that can-
not be explained by measures of physical health
obtained in a more objective manner has been consis-
tently shown (27-32), this is a group with increased
care needs.

Although it is well known that prevalence of report-
ed disability is higher among elderly women than
among men, to our knowledge, only one study, by
Myers et al. (8), has compared self-reports and perfor-
mance of tasks and addressed sex differences. The high-
er rate of reported disability among women in our study
is accompanied by a higher rate of observed functional
limitation. Furthermore, disagreement between self-
report and performance-based measures was not influ-
enced by sex. Thus, consistent with the study by Myers
et al. (8), our results support the evidence that the high-
er prevalence of reported disability among otder women
truly reflects a higher level of functionat limitation.

Am J Epidemiol  Vol. 149, No. 3, 1999

Whether proxy reports can be used interchangeably
with self-reports is an important issue in community
elderly surveys. In our study, proxy respondents were
less likely to underreport functional limitation than seif-
respondents, but they did not present significant differ-
ences for overreporting. This finding is in contrast to
previous studies (4, 6, 14, 33) which have shown that
proxy-reports were less accurate. Although cultural dif-
ferences could explain the higher accuracy of proxy
respondents found in our study, a methodological issue
should be taken into account. Qur study differs from the
works mentioned above because instead of comparing
the information of the same individual from two
sources (proxy and self-report), we obtained informa-
tion from a proxy only when the eligible participant was
unable to self-respond (7.5 percent of the sample). In
fact, Corder et al. (34), who also obtained their data
from a unique information source, found smalil differ-
ences by proxy respondent in the accuracy of reporting
service use. Proxy respondents are probably individu-
als who are very involved with the subject’s care,
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TABLE 4. Comparison of Spanish and US elderly in observed walking speed and 5-times chair stand

performance tests*

Men Women
Age or tasl _S__'- ) p - ) P
panish us vaivet Spanish us valuet

Age {years)

71-79 60.3 69.4 60.4 61.3

>80 39.7 3086 0.007 39.6 38.7 0.724
5-times chair stand test

Unabla (%) 143 17.7 0.23 20.6 23.7 0.167

Mean time {seconds) 133 13.7 15.2 14.9

95% Clt 12.7-13.9 t4.6-15.8
Walking speed test

Unable {%) 32 42 0.501 4.8 5.3 0.641

Mean speed (m/seconds) 0.66 0.55 0.55 0.42

95% Ct! 0.60-0.72 0.52-0.59

* Spanish data from present study of 626 elderly adulis in Barcelona, 1993—1994, and US data extracted from
the study by Guralnik et al. {1} of over 5,000 elderly aduits in three US communities.
t Chi-square test of differences between Spanish and US elderly.

} €I, confidence interval.

because the majority of proxy responses were due to
the difficulty of obtaining a response from the eligible
participant because of health problems, and therefore,
they are likely to better know the participant’s func-
tional capacity. This finding is important since it sug-
gests that in severely impaired individuals the proxy
responses are valid.

Some limitations of our study should be discussed.
First, only agreement for two specific mobility tasks
has been examined. Because functional capacity is
typically assessed through a global score obtained
from several tasks and agreement could differ by spe-
cific tasks and by the manner in which measures are
scored (14), our results are limited and inferences have
to be made cautiously. Second. comparisons with
observed functional ability to perform a task among
US elderly are based on point estimations.
Nevertheless, for ability to rise from a chair, estima-
tions were similar, with the US means being included
in the Spanish confidence intervals; and for walking
speed, although US means were lower and lay outside
the Spanish confidence intervals, it should be pointed
out that observed speeds were not directly comparable
because walked distances were different. Finally, with
regard (o the representativeness of our results, despite
the fact that the percent of subjects with missing per-
formance-based data was large (15 percent), these sub-
jects reported similar disability levels to those who
completed physical performance tests and it is unlike-
ly that their level of agreement was different.

Despite these limitations, our findings suggest that
Spanish elderly self-report functional capacity accu-
rately and, contrary to previous results among US
elderly (7. 8}, the direction of the observed disagree-

ment is not systematic. Our study has also shown that
women were not more likely to overreport disability,
suggesting that the higher prevalence of reported dis-
ability among women reflects a higher rate of function-
al limitation instead of differences in reporting by sex.
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Abstract

We assessed the perceived health status evolution among elderly subjects and examined the age-related differences in perceived
health when comparing estimates obtained from cross-sectional and longitudinal approaches. Data come from a cohort of non-institution-
alized individuals aged 65 years or older, living in Barcelona, Spain. One thousand three hundred fifteen (1315) elderly were successfully
interviewed at baseline in 1986 and 754 (84.6% of the eligible) at the re-assessment (1993-1994). Estimates of change in perceived health
status were calculated based on cross-sectional and longitudinal approaches. Cross-sectionally, no significant differences in the proportion
of individuals with poor self-rated health were found (40.5 vs. 42.5%, P = 0.90). Among survivors, the proportion of individuals with poor
health increased from 37.8% to 55.1% (P < 0.01), an 8.7-fold decline of perceived health when compared with the cross-sectional esti-
mates. Comorbidity (aOR 2.1; 95%CI: 1.4-3.3) and no education (aOR 1.9; 95%CI: 1.1-3.2) were associated with a decline in health sta-
tus after adjusting by baseline health status. We recommend the use of longitudinal studies to understand the evolution of perceived
health in the elderly. © 2000 Elsevier Science Inc. All rights reserved.

Keywords: Aging; Perceived health; Longitudinal studies; Cross-sectional studies; Health surveys

1. Introduction

The elderly population isincreasing, both in absolute and
relative terms. This effect is due to a decrease in fertility as
well asalower mortality rate, including mortality in the old-
est groups [1]. Asaconsequence, there isincreasing interest
in the evaluation of health and health services needs of the
elderly [2].

Until recently, the planning of social and health care ser-
vices for the elderly was based on demographic projections.
However, health and social services utilization is more
closely related to the perceived health or functiona status of
the individuals than to demographic characteristics [3,4].
Chronological age itself may be less associated with physi-
cal limitations than it was previously assumed [5]. More-
over, there is growing evidence of the heterogeneous nature
of the aging process, suggesting that although it is associ-
ated to a higher risk of disability, the relationship is neither
inevitable nor uniform [6-8].

* Corresponding author. Health Services Research Unit, Institut
Municipal dinvestigacié' Médica (IMIM), Carrer del Doctor Aiguader, 80
Barcelona 08003. Tel: (+ 34) 93 221 10 09; fax: (+ 34) 93 221 32 37.

E-mail address: jalonso@imim.es

Two different perspectives have been adopted when con-
sidering the need of health services in an aging population:
one “optimistic’ and another “pessimistic.” The latter is
based on the assumption that a life-expectancy increase will
lead to alarger proportion of individuals living more years
with sickness and disability, and therefore, to an increased
need for health services[9,10]. From the optimistic perspec-
tive, a life-expectancy increase should go along with the
compression of morbidity, and therefore, there will not be
an increased demand for health services[11,12].

Most of the studies estimating the relationship of func-
tional capacity or health-related quality of life with aging
are cross-sectional in nature. This type of study does not al-
low to distinguish properly the effects of age, due to the
many coexisting processes contributing to the differences
between age groups [13]. These processes include those re-
lated to selection bias, asfor instance, differential character-
istics of surviving individuals as well as their different life
experiences. On the other hand, longitudinal studies have
focused more on disability or mortality. Yet, there is little
information on self-rated health and its evolution as people
age. Recently conflicting findings have been reported.
Beckett et al. [14] found physical function to worsen as peo-
ple got older, more so than would be expected from cross-
sectional designs. While Dening et al. [15] showed an im-

0895-4356/00/$ — see front matter © 2000 Elsevier Science Inc. All rights reserved.
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provement of perceived health with aging, especially when
datawere analyzed longitudinally.

We present results from the cohort of elderly adults of
the “Elderly Hedth Interview Survey of Barcelona’ that
originally was created to describe the health status of the
elderly population and to identify factors associated with
mortality and functional status deterioration. The aim of this
study is to assess self-reported health status evolution and to
illustrate the need of longitudinal data to properly estimate
age-related changes in reported health status. We compare
the inferences regarding the relationship of reported health
status and aging, when using cross-sectional data and longi-
tudinal data.

2. Methods

Data come from a cohort of individuals aged 65 years or
older, non-institutionalized, and residents in the city of Bar-
celona (population = 1.7 million inhabitants), who partici-
pated in aHedlth Interview Survey in 1986 and were re-inter-
viewed in 1993-1994. More details have been reported
previously [16-18].

2.1. Sample

A non-proportionally stratified random sample of 3062
households was drawn from the 1985 Local Census Regis-
ter, stratifying by district and family size. The household
was the sampling unit and all members of the household

were considered eligible for the general study. Households
with individuals 65 or older were over sampled to get atotal
of 1632 individuals of this age group.

2.2. Sudy design

The eligible subjects were initially interviewed at home
between January 1986 and January 1987 by trained non-
medical interviewers, using a precoded questionnaire. Of
1632 individuals, 1315 (80.6%) were successfully inter-
viewed in the baseline study. Some 14% of the interviews
were answered by a “proxy,” mainly because the eligible
participant had difficulty responding and, to a much lesser
extent, because he/she was not at home after three visits at
different times. Higher mortality rates, worse reported
health status and older age were observed for those partici-
pants whose interview was responded by proxy.

The follow-up interview (re-assessment) was carried out
between June 1993 and June 1994, after a median of 7.5
years of follow-up. The vital status of the whole cohort was
ascertained from the Local Census Register by a confiden-
tial record linkage.

Variables recorded in both interviews included among
others: perceived health status, functional capacity, comor-
bidity, as well as socio-demographic variables. Self-rated
health was assessed by the question “In general, how would
you rate your health: very good, good, fair, poor or very
poor?’ [16]. Information on socia class was based on the
occupation of the head of the household [19].

Baseline
Interview
(1986)

1,632
80.6% _(?S\,?"

1,315 67.8%

Alive
891

Re-assessment
Interview
(1993-94)
Interviewed

ol 754
%&6[0
~1.7% Refusal
))% 68

Not contacted
69

Fig. 1. Participation in the different stages of the Elderly Health Interview Survey of Barcelona.
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2.3. Enrollment and vital status at the end of follow-up

At the second interview, of the 1315 individuals of the
initial cohort, 424 (32.2%) had died (Fig. 1). From the 891
individuals alive, 69 could not be contacted (7.7%), and 68
refused the interview (7.7%). Thirteen point four percent
(13.4%) of the re-interviews were answered by a “proxy”
respondent.

2.4. Analysis

The characteristics of the baseline and the re-assessment
samples were assessed by means of computing percentages
and compared by means of the chi-square (x?) statistic.

A multinomial logistic regression was performed to com-
pare the characteristics of those individuals who were suc-
cessfully re-interviewed with those who died during the fol-
low-up period and those who refused to participate or were

Tablel

not traced. Between-individuals (cross-sectional) differ-
ences and within-individuals (longitudinal) changesin self-
reported health status were compared. Cross-sectionally,
comparisons of self-rated health were made between age
subgroups at baseline (1986). For these comparisons, we
used only data from the baseline interview. After the fol-
low-up period, we compared the baseline (1986) and fol-
low-up (1993) self-rated health status of the same individ-
ual, (longitudinal approach). In order to make comparable
cross-sectional and longitudinal estimates, we assessed dif-
ferences in self-rated health status between groups of indi-
viduals that differed by on average 8 years of age (length of
follow-up time).

Participants in the baseline interview were dtratified in
age groups of two years (65-66, 67-68, 69—70, and so on)
in order to avoid age confusion within age groups. Cross-
sectional comparisons of health were established between

Characteristics of the sample studied at baseline (1986) and at the re-assessment interview (1993-1994) Elderly Health Interview Survey of Barcelona

Baseline interview (1986)

Re-assessment interview (1993-1994)

Total 65-74 years 75+ years Total 72-79 years 80+ years
(n = 1.315) (n =795) (n = 520) (n=754) (n=437) (n=317)

Gender

Female 61.5° 59.5 64.6 66.3 65.4 67.5
Marital status

Single 8.0 7.2 9.1 7.1 82 5.7

Married 54.72 66.2° 37.1 449 52.2° 34.8

Widow 36.1° 24.8° 53.4 47.0 37.9° 59.5

Divorced/separated 1.3 1.7 0.4 1.0 17 0.0
Living alone

Yes 19.22 185 20.3 23.0 251 19.9
Socid class

e 20.6 213 19.6 213 20.0 231

I 224 234 20.8 242 28.0° 18.9

V-V 56.9 55.3 59.7 54.5 52.0 58.0
Level of education

High school or university 24.5% 26.5° 214 17.9 20.9 13.6

Primary school 61.12 61.9 59.9 75.8 72.9° 79.7

Unable to read or write 14.42 11.7° 18.7 6.4 6.2 6.8
Self-rated health

Very good 8.7 7.9 9.9 74 6.7 83

Good 50.6° 52.3 47.7 37.6 40.8° 33.0

Fair 34.0 335 34.9 41.6 389 453

Poor/very poor 6.82 6.3 75 135 136 133
Comorbidity

No 30.4° 32.5° 27.3 133 16.0° 9.5
Body massindex (BMI)

Underweight 6.8% 5.5° 9.2 39 2.0° 7.0

Normal 65.0° 62.1° 70.1 52.1 49.6 56.1

Overweight 28.17 32.4° 20.7 44.0 48.4° 36.9
Smoking habit

Never smoker 67.4 63.7° 73.8 69.4 65.0° 75.4

Former smoker 19.6% 211 17.0 234 25.7 20.2

Smoker 13.02 15.2° 9.2 7.2 9.3 44
Physical activity

Yes 4312 48.9° 333 36.2 43.4° 233
Proxy respondents

Yes 14.2 10.4° 20.0 134 6.2 233

aStatistically significant differences between total percentages from 1986 and 1993-1994, column 1 and 4 (P < 0.05).
b Statistically significant differences between both age groups (column 2 vs. column 3 and column 5 vs. column 6) (P < 0.05).
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the groups differing by on average 8 years at baseline (65—
66 vs. 73-74; 67-68 vs. 75-76; 6970 vs. 77-78, and sO
on). For the longitudina estimates, we selected those indi-
viduals who were alive at the time of the second interview,
then we directly assessed the changein 8 years as the differ-
ence between the health status reported in the baseline inter-
view and the health status reported in the re-assessment.
Thus, we compared self-rated health of the same individu-
as. Differences in health status and other variables were
tested using the x? tests for proportions.

Assaciations of independent variables with a decline in
self-reported health status were ascertained by means of a
logistic regression model. The health status of the subjects
was considered to decline if they had moved towards a
lower (worse) category in the response choice (very good or
good, fair, poor, and very poor) in the 1993 re-assessment as
compared with the 1986 baseline survey. The data-splitting
strategy was used to assess the accuracy of the model: 80%

Table2

of the subjects were randomly selected to estimate the
model, and with the remaining 20% we ascertained the abil-
ity of the model to discriminate outcomes. Once the accu-
racy of the model had been satisfactorily evaluated, we re-
fitted the model with the whole data set to obtain the final
estimates (coefficients). The performance of the final model
was assessed comparing the predictions obtained from the
model and the observed outcomes.

Analyses were performed using the following statistical
packages. SPSS-PC [20] and STATA [21]. All P-values are
two-tailed.

3. Results

At the re-assessment, after an average period of 7.5 years
of follow-up, 561 subjects could not be re-interviewed (Fig.
1). The majority of them had died, the global mortality rate

Multinomial logistic regression model ng the association between baseline characteristics and dead (compared to those successfully re-interviewed)
and refusal/not traced (compared to those successfully re-interviewed) Elderly Health Interview Survey of Barcelona

Dead Refusal/not contacted
(n = 424) (n=137)
OR 95% Confidence Interval OR 95% Confidence Interval
Gender
Female 1 — 1 —
Male 2.00 124-321 1.05 0.53-2.07
Age (years)
65-74 1 — 1 —
75-84 4.07 291-5.71 1.19 0.72-1.94
=85 15.55 7.71-31.33 0.41 0.05-3.27
Level of education
Primary school 1 — 1 —
High school or university 1.25 0.85-1.82 1.09 0.64-1.84
Unableto read or write 0.79 0.49-1.28 0.85 0.44-1.65
Living alone
No 1 — 1 —
Yes 0.95 0.62-1.45 0.66 0.39-1.11
Self-rated health status
Very good/good 1 — 1 —
Fair 1.23 0.88-1.73 125 0.78-1.99
Poor/very poor 2.76 1.46-5.22 179 0.71-4.49
Comorbidity
No 1 — 1 —
Yes 1.36 0.93-1.99 0.74 0.45-1.20
Body massindex (BMI)
Normal 1 — 1 —
Underweight 2.74 1.54-4.90 1.08 0.43-2.75
Overweight 0.93 0.64-1.33 0.61 0.36-1.03
Smoking habit
Never smoker 1 — 1 —
Former smoker 152 0.90-2.59 1.09 0.50-2.38
Smoker 2.40 1.37-4.22 1.38 0.61-3.09
Physical activity
Yes 1 — 1 —
No 1.70 1.22-2.37 1.39 0.89-2.16
Proxy respondent in 1986
No 1 — 1 —
Yes 1.25 0.70-2.24 0.64 0.38-1.09
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Table3

Differencesin self-rated health (% with fair, poor, or very poor health) at 8 years: comparison between cross-sectional and longitudinal estimates

Cross-sectional Longitudinal

% Fair, % Fair, % Fair, % Fair,
Age poor/very Age poor/very Initial age poor/very poor poor/very poor
(1986) poor health (1986) poor health Difference (1986) health (1986) health (1993-94) Difference
65-66 40.7 73-74 412 05 65-66 385 51.9 13.42
67-68 404 75-76 432 2.8 67-68 40.0 476 7.6
69-70 34.1 77-78 42.7 8.6 69-70 31.9 457 13.8
71-72 418 79-80 443 25 71-72 377 60.5 22.8°
73-74 41.2 81-82 40.8 -04 73-74 34.7 62.7 28.0°
75-76 432 83-84 395 -37 75-76 439 63.2 19.32
77-78 427 85-86 48.3 5.6 7778 40.4 63.5 23.12
Average 40.5 425 2.0 37.8 55.1 17.3°

3P < 0.05y PP < 0.01 when proportions were compared using X2; al other comparisons non significant.

for the cohort being 32%, with a higher rate amongst men
(39%) than women (28%) (P < 0.001). A small proportion
of theinitial cohort (15%) could not be traced or refused to
participate. From the 754 participants of the second assess-
ment, most of them were living in the community, with only
19 institutionalized. Information was obtained from proxies
for 101 individuals (13.4%). The latter presented worse re-
ported health status and older ages when compared to those
who responded by themselves.

The characteristics of the cohort at both evaluations
(baseline and re-assessment) are shown in Table 1. The av-
erage age was 73.6 in 1986, and 79.2 at the re-assessment
(1993-1994). The proportion of women rose from 61.5% to
66.3%, with a consequently higher number of widows at the
second evaluation. A greater number of illiterate individuals

30%

was found among the older elderly at baseline, the propor-
tion decreasing at re-assessment. At the first evaluation,
70% of the individuals reported chronic conditions and 87%
at reassessment. While in 1986 the majority of the group as-
sessed their general health as“good” or “very good” (59%),
a the re-assessment the proportion of the survivors who
stated the same decreased to 45% (P < 0.001). However, no
significant differences in self-rated health were found when
comparing the two age groups within the two evaluations
separately (65—74 vs. 75 or over, and 72—79 vs. 80 or over,
respectively). The proportion of proxy respondents re-
mained stable in both evaluations, around 14%.

The factors associated with a higher probability of dying
compared to those who were successfully interviewed (Ta
ble 2, left side) were: gender (aOR 2.0; 95%Cl: 1.2-3.2),

25%+
2%+
15%s -
10%4_ - —~

5%

0%~ X

5%+

Change at eight years

-10%

L] | | Ll

65-66 67-68 69-70

Ag

71-72 73-74
e

75-76 77-78

years)

Fig. 2. Cross-sectional (X) and longitudinal (¢) estimates of an 8-year difference in self-rated health (% with fair, poor, or very poor health). The solid linefits
the means of the proportions estimated from the cross-sectional data and the dashed line fits the means estimated from the longitudinal data.



568 F. Orfila et al. / Journal of Clinical Epidemiology 53 (2000) 563-570

older ages (75-84 years old, aOR 4.1; 95%ClI: 2.9-5.7 and
older than 85 years aOR 15.6; 95%CI: 7.7-31.3), reporting
very poor or poor heath status (aOR 2.8; 95%Cl: 1.5-5.2),
underweight (aOR 2.7; 95%Cl: 1.54.9), being a smoker
(aOR 2.4; 95%CI: 1.4-4.2), and sedentary lifestyle (aOR
1.7; 95%CI: 1.2-2.4). There were no factors associated to
the failure to re-interview (refused or not traced) compared
to the successfully re-interviewed group (Table 2, right side).

Differences between cross-sectional and longitudinal es-
timates of change in perceived health are shown in Table 3.
The left side of the table is based on data from the initial
evaluation (cross-sectional estimates), and it shows the per-
centages of “fair,” “poor,” or “very poor” self-rated health
for groups of individuals whose age differed on average by 8
years. Differences ranged from —3.7% to 8.6%, with an aver-
age of 2.0%, but none of them were statistically significant.

Theright side of Table 3 is based on datafrom both eval-
uations (longitudinal estimates), and it shows the evolution
of self-rated hedth in surviving individuals. When re-
sponses of the survivors of the cohort were compared with
their previous responses 7.5 years earlier, there was a signif-
icant increase in the proportion of “fair,” “poor,” or “very
poor” self-rated health (an average of 17.3%, P < 0.01).
Therefore, the average longitudinal estimate of change in
self-rated health was 8.7 times higher than in the cross-sec-
tional analysis (17.3 over 2.0).

The cross-sectional estimates of change did not increase
with age, while the longitudinal analysis showed that the av-
erage pattern of decline accelerates with increasing age
(Fig. 2). Cross-sectional estimates were more homogenous
aong age groups, ranging from —3.7 to 8.6, compared to
those obtained from the longitudinal analysis (7.6-28.8).
Differences between both estimates were dlightly larger at
older ages.

The probability of experiencing adecline in health status
was higher for those who had more than 1 chronic condition
(aOR 2.1: 95%CIl: 1.4-3.3), and for those who were illiter-
ate (aOR 1.9; 95%Cl: 1.1-3.2) (Table 4). Proxy respondents
did not show any association with a declining health. With
respect to the accuracy of the model, 83.6% subjects with
no decline in health status at re-assessment were correctly
predicted by the model. Similarly, 44.8% subjects with de-
cline were correctly classified. Overal, 69.6% of the sub-
jects were correctly predicted by the model.

4. Discussion

The aim of the present paper was to assess health status
evolution and to examine to what extent it was affected by
using cross-sectional or longitudinal data. Our results show
that, in addition to an increased probability of dying, aging
is aso associated with an increased deterioration in per-
ceived health status. The association between age and health
status decline loses its statistical significance when comor-
bidity is considered, suggesting that health status decline
may be attributed to suffering from chronic conditions

rather than to chronological ageitself. In addition, we found
that education was associated with decline. Low education
levels have been shown to be associated with longer waiting
times for hospital admission, as well asto lower dentist and
gynaecologist consultation rates [22]. These findings would
suggest that chronic conditions and barriers to health ser-
vices, such aslow educational level, are important contribu-
tors to health status decline in the elderly. On the other
hand, predictors of death in the elderly are well-established
[23-26] and our data confirm age, gender, health status,
smoking habit, underweight, and sedentary lifestyleas main
risk factors of dying.

In this study, we observed that the estimate of perceived
health changes among elderly subjects inferred from a
cross-sectional analysis of the data undervalued the level to
which deterioration in perceived health is associated with
aging by afactor of 8.7. This underestimation could be due
to several methodological issues of cross-sectional analysis.

First, the differencesin the perception of health at different
ages could have been masked by a*“ cohort effect.” In aging re-

Table4
Factors associated with decline in self-rated health after 7 years of
follow-up

aOR* 95% Confidence Interval

Gender

Female 1

Male 1.28 0.70-2.33
Age (years)

65-74 1

75-84 0.67 0.42-1.08

=85 0.92 0.204.25
Level of education

Primary school 1

High school or university 0.79 0.49-1.28

Unable to read or write 1.87 1.09-3.20
Living aone

No 1

Yes 1.16 0.71-1.89
Comorbidity

No 1

Yes 214 1.39-3.30
Body massindex (BMI)

Normal 1

Underweight 1.23 0.51-2.93

Overweight 1.46 0.97-2.19
Smoking habit

Never smoker 1

Former smoker 112 0.56-2.21

Smoker 0.45 0.20-1.01
Physical activity

Yes 1

No 0.90 0.62-1.31
Proxy respondent in 1986

No 1

Yes 0.51 0.21-1.26
Proxy respondent in 1993-1994

No 1

Yes 1.74 0.96-3.17

* Odds ratios adjusted by baseline health status.
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search, a fundamental assumption of the cross-sectional de-
sign to estimate change is that the individuas in the study are
equivaent in al aspects other than age. Cohort effects refer to
differences that may affect people born of different genera-
tions [27]. For example, differences between persons aged 70
and those aged 80 may not result from the age gap aone, but
instead reflect that the younger group was born in 1923
whereas the older group was born in 1913, and they benefited
from different education and environment. These differences
in life experiences or in the expectations of the younger cohort
may have caused the older cohort to perceive their health more
positively, as was recently reported by Spiers and colleagues
in a UK cohort [28]. There are also a number of examplesin
the literature concerning the effects of cohort differences to
define the pattern of intellectual abilitieswith aging [29].

Second, when the older elderly are compared to younger
elderly groupsin the cross-sectional analysis, asurvival bias
isintroduced. The older elderly are amore selected group in
terms of health, given that they are the group within their
generation that survived longest and thus showed least
health problems. In contrast, younger groups included not
only those individuals who will survive, but aso individuals
who will die shortly and thus with more health problems.

Third, cross-sectional community-based studies of health
status are subject to under-representation of persons with
poor health status and poor function living in the commu-
nity and elderly individuals placed in long-term care institu-
tions are selectively removed from the population [14].
These in themselves lead to an overestimation of the general
health status of the older elderly group. Thus, the selection
bias could also explain part of the differences between the
two types of estimates presented here, since those elderly
who were institutionalized during the follow-up were not
excluded. However, the institutionalitation rate observed in
our sample was very low (2.5%).

Our results differ from recently published data reporting
improvements in self-rated health with age, both cross-
sectionally and longitudinally [15]. A likely explanation of
this inconsistency is the different wording of the health sta-
tus questions used. In our study, the elderly were asked to
rate their health “in general” while in the above mentioned
study participants rated their health “comparing with others
of the same age.” The concept underlying the two self-rated
health questions are clearly different. For example, a 70-
year-old man claimed in 1986 to be in good general health
and also in good health comparing himself with others of
the same age; seven years later, in 1993, (77 years old) this
man could claim to be in poor general health while he still
could assess his health with respect to others of the same
age as good. It simply reflects the aging process, his health
is worsening at the same rate as other elderly of his age. It
should be highlighted that both questions are valid, but they
have different uses.

Some methodological issues affect longitudinal studies
and must be taken into account in order to interpret the find-
ings presented here. Longitudinal studies rely on subjects

returning for assessment, which can lead to other biases due
to the differentia loss of individuals during the follow-up
period [27]. In our study the drop-out rate was low (15%)
and is very unlikely to have caused the results found. When
included as one of the outcomes of the multinomial regres-
sion, the fact of being lost to follow-up showed no signifi-
cant associations with any baseline variables. Considering
that individuals lost to follow-up are usually those with the
poorest health status, if they had been re-interviewed the
health decline would have been larger than that observed.
Therefore, if any, attrition bias would be acting towards the
null hypothesis, that is, against finding significant health
status decline and diminishing differences between longitu-
dinal and cross-sectional estimates.

Another issue to consider is the effect of proxy respon-
dents because it has been suggested that it may bias the re-
sults due to a plausible overestimation of health problems.
Proxy responses were included as an adjusting factor in all
the analyses performed, and no significant associations with
the outcomes were found. In addition, a sensitivity analysis
(including and excluding proxy responses from the analy-
sis) was performed and we are sure that our main findings
were not due to a proxy effect. Furthermore, high accuracy
has been shown for proxy responses when comparing re-
ported and observed functional capacity in our study [30].

Our results suggest a worsening of the self-rated health
of the elderly over time, greater than that which may be in-
ferred from cross-sectional data. If this deterioration persists
in future generations it very likely will be associated with a
greater need for health care servicesin the western societies.
More people will experience poor perceived health and dis-
capacity during their lives than cross-sectional projections
may have anticipated. This may contradict the optimistic
hypotheses of certain authors regarding the compression of
morbidity [11,12], indicating a significant decline in per-
ceived health amongst the older elderly (75 or over).

Acknowledgments

The authors are grateful to Dave McFarlane for editorial
assistance and the Institut Municipal de la Salut Publica of
Barcelonafor providing information from the local census.

This study was supported by a grant from “Fondo de In-
vestigaciones Sanitarias’ (FIS N° 91/0629). Additional sup-
port was received from “Generalitat de Catalunya’ (CIRIT/
1997 SGR 00434). Montserrat Ferrer was supported by a
grant from “Generadlitat de Catalunya’ (CIRIT/PQS-1996).
Rosa Lamarca was supported by a grant from “Instituto de
Salud Carlos 111" (97/4364).

References

[1] WHO. The uses of epidemiology in the study of the elderly. In:
WHO, editor. Report of a WHO Scientific Group on the Epidemiol-
ogy of Aging. Technica Report Series 706. Geneva, Switzerland:
WHO, 1984.



570 F. Orfila et al. / Journal of Clinical Epidemiology 53 (2000) 563-570

[2] Strawbridge WJ, Kaplan GA, Camacho T, Cohen RD. The dynamics
of disability and functional change in an elderly cohort: Results from
the Alameda County Study. J Am Geriatr Soc 1992;40:799-806.

[3] Branch L, Jette A, Evashwick C. Toward understanding elders
health service utilization. J Community Health 1981;7:80-92.

[4] Welch HG, Albertsen PC, Nease RF, Bubolz TA, Wasson JH. Esti-
mating treatment benefits for the elderly: the effect of competing
risks. Ann Intern Med 1996;124:577-84.

[5] Rakowski W, Hickey T. Mortality and the attribution of health prob-
lems to aging among older adults [see comments]. Am J Public
Health 1992;82:1139-41.

[6] Butler RN, Gleason HP. Productive ageing: Enhancing vitality in
later life. New York, NY, USA: Springer, 1985.

[7] Rowe JW, Kahn RL, Human aging: Usual and successful. Science
1987,237:143-9.

[8] Curb JD, Guralnik JM, LaCroix AZ, Korper SP, Deeg D, Miles T et
al. Effective ageing: Meeting the challenge of growing older. J Am
Geriatr Soc 1990;38:827-8.

[9] Kane RL. Specia needs of the elderly. In: Holland WW, Detels R,
Knox G, editors. Oxford Textbook of the Public Health, Vol. 4: Spe-
cific Applications. Oxford, UK: Oxford University Press, 1985, pp.
446-57.

[10] Taeuber CM. Americain transition: An aging society. In: US Bureau
of Census, CPR. Washington, DC: Government Printing Office,
1983.

[11] Fries JF. Aging, natural death, and the compression of morbidity. N
Engl JMed 1980;303:130-5.

[12] Manton KG. Measurements of health and disease, a transitional per-
spective. In: National Center for Health Statistics. Vital and Health
Statistics. Series 4, No. 25. DHHS Pub. No. (PHS) 89-1488. Public
Hedlth Service, editor. Health of an Ageing America. Issues on Data
for Policy Analysis. Washington, DC: U.S. Government Printing Of-
fice, 1988, pp. 3-38.

[13] EvansJG. Human ageing and the differences between young and old.
In: Mitchell D, Ledingham J, Ashley-Miller M, editors. Health and
Function in the Third Age. London, UK: Nuffield Provincial Hospi-
tals Trust, 1993, pp. 5-9.

[14] Beckett LA, Brock DB, Lemke JH, Mendes de Leon CF, Guralnik
JM, Fillenbaum GG et a. Analysis of change in self-reported physi-
cal function among older persons in four population studies. Am J
Epidemiol 1996;143:766—78.

[15] Dening TR, Chi LY, Brayne C, Huppert FA, Paykel ES, O’ Connor

DW. Changesin self-rated health, disability and contact with services
in avery elderly cohort: a 6-year follow-up study. Age Ageing 1998;
27:23-33.

[16] AlonsoJ, Anté M. Enquesta de Salut de Barcelona, 1986. Barcelona,
Spain: Areade Salut Pablica, Ajuntament de Barcelona, 1989.

[17] Ruigomez A, Alonso J, Anté JM. Functional capacity and five-year
mortality in a sample of urban community elderly. Eur J Public
Health 1993;3:165-71.

[18] Ruigomez A, Alonso J, Anté JM. Relationship of health behavioursto
five-year mortality in an elderly cohort. Age Ageing 1995;24:113-9.

[19] Domingo A, Marcos J. Propuesta de un indicador de “clase socia”
basado en la occupacion. Gac Sanit 1989;3:320-6.

[20] SPSSInc. SPSSreference guide. Chicago, IL, USA: SPSSInc., 1990.

[21] Stata Corp. Stata Statistical Software: Release 5.0. College Station,
TX, USA: Stata Corp., 1997.

[22] Regidor E, de Mateo S, Gutierrez-Fisac JL, Fernandez de la Hoz K,
Rodriguez C. Diferencias socioeconomicas en la utilizacion y ac-
cesibilidad de los servicios sanitarios en Espafia. Med Clin (Barc).
1996;107(8):285-8.

[23] Diehr P, Bild DE, Harris TB, Duxbury A, Siscovick D, Rossi M.
Body mass index and mortality in nonsmoking older adults: The Car-
diovascular Health Study. Am J Public Health 1998;88:623-9.

[24] Idler EL, Angel RJ. Self-rated health and mortality in the NHANES|
epidemiologic follow-up study. Am J Public Health 1990;80:446-51.

[25] SimonsLA, McCallum J, Friedlander Y, Simons J. Predictors of mor-
tality in the prospective Dubbo study of Australian elderly. Aust NZ J
Med 1996;26:40-8.

[26] Sunyer J, Lamarca R, Alonso J. Smoking after age 65 years and mor-
tality in Barcelona, Spain. Am J Epidemiol 1998;148:575-80.

[27] Savory M. Psychological function and ageing: an overview of re-
search findings. In: Evans JG, Goldacre MJ, Lamb S, Savory M, edi-
tors. Health and Function in the Third Age. London, UK: Nuffield
Provincial Hospitals Trust, 1993, pp. 167-89.

[28] Spiers N, Jagger C, Clarke M. Physical function and perceived
health: Cohort differences and interrelationships in older people. J
Gerontol Med Sc 1996;51B(5):S226-33.

[29] Hoyer WJ, Raskind CL, Abrahams JP. Research practices in the psy-
chology of aging: A survey of research published in the Journal of
Gerontology, 1975-1982. J Gerontol 1984;39:44-8.

[30] Ferrer M, Lamarca R, Orfila F, Alonso J. Comparison of perfor-
mance-based and self-rated functional capacity in Spanish elderly.
Am J Epidemiol 1999;149:228-35.



Gender differences in the association between disability and mortality in the elderly

CHAPTER 6
DISCUSSION

145






Gender differences in the association between disability and mortality in the elderly

6. Discussion

The present longitudinal data, coming from a population-based sample,
provided an opportunity to study the evolution of disability among the elderly as
they age; and to compare its association with mortality according to gender in a
Mediterranean population. It also allows us to review the statistical approach for

the survival analysis in elderly studies.

The main findings of this thesis can be summarised as follows. First, although
disability tends to increase as people age, the thesis provides evidence that there
are a small proportion of elderly people who can recover their health status,
supporting the notion that the elderly population is a heterogeneous group.
Second, the findings indicate a gender difference in the impact of disability on
mortality, being dependent women at higher risk of dying at any given age.
Third, the association between disability and mortality changes over time, being
stronger at earlier ages than at advanced ages for both men and women. Fourth,
our findings show that the inclusion of age as time scale is more efficient than
the traditional time-on-study, because the comparison of survival functions is
more straightforward, as well as the multivariate models, which are more
parsimonious. It also facilitates the interpretation of the results derived from the
survival analysis since inferences are based on the ageing process instead of

time-on-study.
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6.1. Contributions

6.1.1. Evolution of disability and changes in the relationship between
disability and mortality as elderly people age

The present study showed that the disability status evolves during the ageing
process, questioning the validity of the sentence ‘once disabled, always
disabled’. Although the overall trend is to worsen functional capacity, a subset
of those who had some degree of disability (difficulty or dependent) at baseline
improved their disability status (26.6% for men, and 26.9% for women). The
most unstable group was that formed by the elderly people with difficulties at
baseline: only 20.0 percent among men and 30.2 percent among women
remained in the same group after eight years of follow-up, among those with
follow-up information. Even though, the dynamic nature of disability has been
previously suggested in few studies, to our knowledge, none of them was

carried out in a south European population'®.

Moreover, we found that not only the disability status of the elderly varies with
age, supporting the dynamic disability process hypothesis, but also the strength
of the relationship between disability and mortality changes with age. The
impact of disability on mortality is smallest at older ages relative to the
observed at younger ages, so there is no linearity in age (RR=1.80 and 3.53 at

age 80 and RR=1.15 and 1.86 at age 90 among men and women, respectively).

13 Manton K.G. A longitudinal study of functional change and mortality in the United States. J
Gerontol 1988;43:S153-61. Sonn U. Longitudinal studies of dependence in daily life activities
among elderly persons. Scand J Rehabil Med Suppl 1996;34:1-35. Strawbridge W.J., Kaplan
G.A., Camacho T., Cohen R.D. The dynamics of disability and functional change in an
elderly cohort: results from the Alameda County Study. J Am Geriatr Soc 1992;40:799-806.
Beckett L.A., Brock D.B., Lemke J.H., Mendes de Leon C.F., Guralnik J.M., Fillenbaum
G.G., Branch L.G., Wetle T.T., Evans D.A. Analysis of change in self-reported physical
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Failing to take age into account together with the growth of the oldest old
group'” may produce an underestimation of the impact of disability on
mortality, since combining young and old elderly subjects diminishes the effect

of disability.

This result may reflect that disability at different ages has different connotations

4! have previously commented. These authors

as L. Ferrucci and colleagues
pointed out that elderly people who develop a severe disability at older ages
were more likely to suffer a long disabling process than those at early ages. It
was suggested that elderly subjects who become disabled at younger ages are

frailer, since all the strategies to cope with their disability have failed'*.

6.1.2. Differences between women and men

Our findings indicate that older women experience higher disability rates with
longer retention of disability, but have lower mortality rates than older men.
The proportion of subjects who were dependent or who had difficulties was
higher among women than men both at baseline (42% vs. 30%, respectively)
and at follow-up (60.0% vs. 48.7%, respectively). Higher disability and
survival rates among elderly women are a common result in epidemiological
studies. The survival gap among men and women results in women having a

higher chance of becoming disabled because disability increases with age, and

function among older persons in four population studies. Am J Epidemiol 1996;143:766-78.
Avlund K. Disability in old age. Danish Medical Bulletin 2004;51:315-49.

0 Those elderly subjects aged over 85 years old.

! Ferrucci L., Guralnik J.M., Simonsick E., Salive M.E., Corti C. and Langlois J.
Progressive versus catastrophic disability: a longitudinal view of the disablement process. J
Gerontol A Biol Sci Med 1996;51:M123-30.

42 Pried L.P., Herdman S.J., Kuhn K.E., Rubin G. and Turano K. Preclinical disability
hypothesis about bottom of the iceberg. J Aging Health 1991;3:285-300.
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they are exposed to disability for longer periods of time. Also, gender
differences in the underlying causes leading to disability contribute to a higher
disability prevalence, women are more likely to suffer arthritis and
musculoskeletal conditions; while heart disease, lung cancer and stroke, among
others, are more common in men (see section 1.2.5). This issue is noteworthy
in that it may explain the excess of disability among women, since the
prevalence of the first conditions is higher than the second ones and also less
lethal'*!**, In this direction, J. R. Lunney et al.'* recently showed that the
pattern of functional decline varies with different illnesses (cancer, sudden
death, organ failure, and frailty) in the last years of life. It was found that the
average number of impaired BADLs 12 months before death differed by
illnesses. Also, their evolution depended on the illnesses, whereas this number
remained stable for those who suffered a sudden death, it increased over the last
3-months for those who died from cancer. The results presented here also

support a previous study'*

that found that women were less likely to recover
from disability than men; although this finding should be viewed cautiously in

our study due to the small numbers.

The current work builds on previous findings by showing a stronger association

between disability and mortality for women. Disabled women are at higher risk

% Guralnik J.M., Leveille S.G., Hirsch R., Ferrucci L. and Fried L.P. The impact of
disability in older women. JAWMA 1997;52:113-20.

% The number of chronic conditions is higher among women than men. Guralnik J.M.,
LaCroix A.Z. and Everett D.F. Comorbidity of chronic conditions and disability among older
persons-United States, 1984. JAMA 1990;263:209-10; Verbrugge L.M. Gender and health: an
update on hypotheses and evidence. J Health Soc Behav 1985;26:156-82.

> Lunney J.R., Lynn J., Foley D.J., Lipson S. and Guralnik J.M. Patterns of functional
decline at the end of life. JAMA 2003;289:2387-92.

146 Beckett L.A., Brock D.B., Lemke J.H., Mendes de Leon C.F., Guralnik J.M., Fillenbaum
G.G., Branch L.G., Wetle T.T. and Evans D.A. Analysis of change in self-reported physical
function among older persons in four population studies. Am J Epidemiol 1996;143:766-78.
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of mortality compared to their peers’ disabled men, hence other factors besides
disability should also explain the longer life expectancy at 65 years old for
females. On the other hand, a plausible survival bias for men should be also
explored: a) men suffer more frequently from lethal diseases at middle age,
which does not allow them to survive long enough to reach the age of 65. This
is more accentuated in this cohort since women were not exposed to smoking
but men were. Therefore there were diseases uncommon among women such as
chronic obstructive pulmonary disease and lung cancer; and b) gender
differences in the use of resources to deal with disability; men were found to be
more likely to receive no help, such as informal assistance by relatives or

47 Also, the authors noted that resources, which

devices, in a previous study
are useful for women might not be appropriate for men and viceversa. For
example, they found that elderly disabled men who received personal assistance
showed lower levels of subjective well-being; by contrast, elderly disabled

women who use devices or technical aids'®

showed lower levels of subjective
well-being. This difference in the way of handling disability by age may
partially justify the observed variation of the strength of the association between

disability and mortality.

6.1.3. Relationship between mortality and other factors
With respect to the relationship between mortality and other factors, the results
are in the expected direction giving validity to the findings of the present study.

Among men, smoking (former and current smoker) was found to be a risk of

47 Penning M.J. and Strain L.A. Gender differences in disability, assistance, and subjective
well-being in later life. J Gerontol Soc Sci 1994;49:5202-S208.

48 Examples of technical aids or devices are: canes, wheelchairs, walkers, specialized
handrails, grab bars, raised toilet seats, among others.
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1.10 estimated

dying factor'¥ - suporting paper I 1py 3 previous study, L. Ferrucci et a
the effect of smoking on life expectancy reporting an increase in life
expectancy, ranging from 1.6 to 3.9 years, for non-smokers compared to
smokers for elderly men. As expected, former smokers had a lower risk than
current smokers, since smoking cessation reduces the risk of premature death in
the elderly population, as it does in the general population. C.L. Jajich et al.'>!
suggested that the benefits of stopping smoking start within one to five years
later. In the literature, the excess risk of smoking has been mainly attributed to
cancers, heart and respiratory diseases. Also, body mass index (low weight)
increased the risk of dying among men, although this association is less
consistent than smoking and mortality in the literature. The role of low weight
is complex, on one hand it is likely to be a symptom of underlying diseases such
as cancer or a poor nutritional status'®?, and on the other hand it may reflect
individuals who are physically active. Among women, all the factors become
not statistically significant when including disability status. It should be noted,

that smoking was not incorporated into the women’s model due to the small

number of smokers and former smokers (around 5%). The smoking factor was

49 Simons L.A., McCallum J., Friedlander Y. and Simons J., Diabetes, mortality and
coronary heart disease in the prospective Dubbo study of Australian elderly. Aust N Z J Med
1996;26:66-74; Kaplan G.A., Seeman T.E., Cohen R.D., Knudsen L.P. and Guralnik J.M.
Mortality among the elderly in the Alameda County Study: behavioral and demographic risk
factors. Am J Public Health 1987;77:307-12.

1% Ferrucci L., Izmirlian G., Leveille S., Philips C.L., Corti M.C., Brock D.B. and Guralnik
J.M. Smoking, physical activity, and life expectancy. Am J Epidemiol 1999;149:645-53.

B C.L. Jajich, A.M. Ostfeld and D.H.Freeman. Smoking and coronary heart disease
mortality in the elderly. JAMA 1984;252:2831-4.

32 Losonczy K.G., Harris T.B., Cornoni-Huntley J., Simonsick E.M., Wallace R.B., Cook
N.R., Ostfeld A.M. and Blazer D.G. Does weight loss from middle age to old explain the
inverse weight mortality relation in old age?. Am J Epidemiol 1995;141:312-21; Harris T.,
Cook E.F., Garrison R., Higgins M., Kannel W. and Goldman L. Body mass index and
mortality among nonsmoking older persons. The Framingham Heart Study. JAMA
1988;259:1520-24; Diehr P., Bild D.E., Harris T.B., Duxbury A., Siscovick D. and Rossi M.
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restricted to males for the study cohort due to the delay in the smoking epidemia
compared to other countries, such as the United Kingdom'>, and cultural
behaviours during this period; unfortunately, this pattern has changed in new

generations, this habit being more prevalent among young Spanish women.

6.1.4. Methodological issues

With respect to the methodological issues, age should be the time scale instead
of calendar time in the survival analysis. Otherwise, the association between
disability and mortality is confusing because all the inferences will be based on
time since recruitment (function of the study duration, arbitrary period of time),
instead of the ageing process duration. It is important to highlight that the study
design used to ensure representativity of the sample unfortunately induces to a
selection of the population (left-truncated data). On one hand, allowing enrolling
those subjects older than 65 years we omit their peers who died before and are
not then eligible for the study. In addition, those subjects over 65 years at entry
into the study have already been exposed to the ageing process for a certain
period of time. In studies of the elderly this is an important issue because age is
the most important risk factor of mortality, functional decline, and it is also
related to some of their corresponding risk factors. Using age as time scale in
the survival analysis and extending the standard survival methods to deal with

left-truncated data overcome these limitations.

Body mass index and mortality in nonsmoking older adults: the Cardiovascular Health Study.
Am J Public Health 1998;88:623-9.

13 Rodriguez-Artalejo F., Hernindez-Vecino R., Graciani A., Banegas J.R. and del Rey
Catero J. La contribucién del tabaco y de otros habitos de vida a la mortalidad por cancer de
pulmon en Espafia de 1940 a 1988, Gac. Sanit 1994;8:272-9.
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In addition, there is a potential bias inherent in studies of the elderly: a
substantial number of factors are correlated with age. But, the confusing role of
age is dealt with by the inclusion of age as time scale. Although the calendar
time estimates will be adjusted by age, the data obtained is handled in a more
efficient way with age as time scale. The age at which covariates were measured
is used in the analysis; this information is taken into consideration at the
corresponding age and not before. For example, information about the disability
status of an 80-year-old subject contributes to the estimation of the survival
function at this age; whereas calendar time combines the information of all the
subjects at the starting point of the study, irrespective of the age of the
participants. The latter ignores the age-related changes of body function that
cause certain values to be normal at certain ages but abnormal at other ages;
such as oxygen uptake and exchange that decreases over time due to the loss of
elasticity of the lung tissue. Moreover, the survival models with calendar time
as time-scale are more complex due to the inclusion of interaction terms needed
as a result of the existing non linear relationship between age and mortality
(several studies have shown a dose-response effect in both males and

females'>*

). Even though, the estimates derived from both survival models are
similar, the use of age as time scale allows for a finer adjustment of the

estimates by age.

Furthermore, calendar time does not reflect the behaviour of the underlying
population because the study’s survival curves do not match with the reference
population ones. The population hazard function has a bathtub shape and it

shows an exponential pattern at later ages, however the study hazard function

3 Scott W.K., Macera C.A., Cornman C.B. and Sharpe P.A. Functional health status as a
predictor of mortality in men and women over 65. J Clin Epidemiol 1997;50:291-6.
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has the flattest growth with the calendar time approach. This pattern comes as a
result of the combination of all the individuals at origin (time zero) in this

approach, yielding a heterogeneous group of different ages.

It should also be noted that treating disability as a fixed variable, thus a fixed
characteristic of the individuals, is misleading. It ignores the dynamic aspect of
disability, and so this approach will consider as independent an individual who
has become disabled during the follow-up time. As a consequence, it lessens the
impact of disability on mortality since disability rates tend to increase with
advancing age. Moreover, the estimates of the association between disability
and mortality have become more accurate by using the disability time history
over the follow-up time, allowing us to observe the changeable relationship
between disability and mortality along the ageing process for both men and

women.

6.2. Limitations

Limitations of the study regarding the data should be underlined. Firstly, it may
not be completely representative of the elderly because elderly people living in
institutions were not eligible in the first wave. This issue may lead to an
underestimation of the disability rates since institutionalised subjects tend to

have a poorer health status.

With respect to the information on disability, data from the two waves were
used to define the evolution of disability for each member in the cohort.
Participants were asked to report their disability evolution since the first

interview at the time of the second wave. This approach may lead to a recall
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bias because the time at which the transitions between disability status took
place may be recalled inaccurately. Ideally, studies should be designed with
frequent reassessments to track changes in disability more accurately. The
implications of such a bias will be to underestimate the relationship between
disability and mortality if people tend to overreport the disability length, and to
overestimate it, otherwise. However, the proportion of people who improved
their disability status in our cohort is similar to the reported in previous
studies'®. In addition, we examined whether the information collected in the
second wave agreed with the information coming from the first wave.
Discrepancies were found in only 70 (5.9%) subjects supporting the validity of
the data. For the 116 subjects who did not report the beginning of a new
disability status and therefore the above-mentioned validation was not
applicable, we assumed one-year duration prior to the disability status reported
at the second wave. The selection of the arbitrary duration was performed
deliberately biasing the results towards the null hypothesis (i.e., no differences
in the mortality experience according to the disability status). Thus, having in
mind that elderly people’s health status tends to worsen over time, this cut-off
point will lead to considering a subject as disabled or with difficulties less often

than most likely, was really the case.

In addition, for those subjects who did not take part in the second wave

(n=259), it was considered that the disability status that they declared at the

1% Manton K.G. A longitudinal study of functional change and mortality in the United States. J
Gerontol 1988; 43:S153-S161. Sonn U. Longitudinal studies of dependence in daily life
activities among elderly persons. Scand J Rehabil Med Suppl 1996;34:1-35. Strawbridge W.J.,
Kaplan G.A., Camacho T. and Cohen R.D. The dynamics of disability and functional change
in an elderly cohort: results from the Alameda County Study. J Am Geriatr Soc 1992; 40:799-
806.
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first wave was constant along time. Among these, 115 subjects reported
difficulties or dependency at first wave, contributing to the survival time with a
short period (3.9 years). It was considered unlikely that these subjects affect the
inferences drawn from the study due to the short survival time and the
percentage of recovery observed. On the other hand, this approach may have
led to an underestimation of the relationship between the disability status and

mortality in the cases where the subjects were independent at first wave.

Selective mortality between the 2 assessments might have caused us to
overestimate the association between disability and mortality if disability was
caused by a fatal disease leading to death in a relatively short period. In this
situation, it is assessed the mortality process itself instead of the impact of
disability on mortality and attributing then to disability an effect that it doesn’t
have. In order to evaluate the magnitude of this issue in our cohort, we
compared the cause of death and the cause of disability for those subjects who
died during the follow-up and became impaired in the last year of their life
(n=90). A sensitivity analysis was then performed: first using all the available
information and second using only the disability information provided in the
first wave. The results showed that a bias was present since the risk of dying for
the dependent group was 10 times higher when using all the disability
information. Therefore, to avoid this bias only information about disability
status in the first wave was used if the causes of death and disability coincided

in those who became impaired in the last year of life.

It has been suggested that there may be potential gender differences in self-
reported disability when evaluating different activities of daily living. This

might bias the results towards an excess of disability rates in women. In this
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study, we examined the reported disability in sitting and walking and the
corresponding performance of physical tasks (chair stand test and walking speed
test). The results did not support the existence of an overreporting of disability

among elderly women (supporting paper 2).

On the other hand, it is inherent to the longitudinal design of the study that
some elderly people die during the follow-up period. In the case of death, the
evolution of the disability status was ascertained through proxies. Previous
studies suggest that proxy respondents tend to overreport the disability of the

136 which would lead to underestimating the risk of dying.

deceased participants
Proxy behaviour was explored in the present study and no significant
differences of overreporting between the informant sources were found in two
tasks (sitting and walking). Proxies were less likely to underreport functional
limitation in one of the two tasks (walking slowly) (supporting paper 2).
Therefore no relevant bias may have been introduced by the use of proxies in

our results.

6.3. Implications

From a public health perspective, our findings have important implications for
health and social interventions aimed at maintaining independence among
elderly people: women should be considered a priority for such interventions.

Since, it was found that elderly women once they become disable are at higher

13 Rubenstein L.Z., Scharier C., Wieland G.D. and Kane R. Systematic biases in functional
status assessment of elderly adults:effects of different data sources. J Gerontol 1984;39:686-
91; Magaziner J., Zimmerman S.I., Gruber-Baldini A.L., Hebel J.R. and Fox K.M. Proxy
reporting in five areas of functional status. Comparison with self-reports and observations of
performance. Am J Epidemiol 1997;146:418-28; Dorevitch M.I., Cossar R.M., Bailey F.J.,
Bisset T., Lewis S.J., Wise L.A. and MacLennan W.J. The accuracy of self and informant
ratings of physical functional capacity in the elderly. J Clin Epidemiol 1992;45:791-8.
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risk of dying at any age and they have less chance to regain independence
compared to their counterparts’ elderly men. Also, elderly women showed
higher rates of disability, and higher comorbidity burden in the ten leading
chronic conditions except bronchitis/asthma'’. As noted earlier, women are
also a population group with limited economic resources at those ages.
Therefore, elderly women are less likely to get equipment to help them
performing the activities of daily living and to receive paid human help. In
addition, women with disability are at high risk of diseases such as depression
and coronary heart disease, as well as, falls and hip fractures’®. The latter risk
is critical since European women are menopausal for a third of their lives,
during which time osteoporosis is a common disease leading to a dramatic

increase in the risk of fractures.

Finally, actions to promote healthier lifestyles should be planned and developed,
such as health programs to help older smokers stop. Most campaigns aimed at
preventing smoking have been traditionally targeted at the young and middle
aged, not the elderly. Indeed, these policies are becoming more relevant since,
up to now, the majority of the smokers were men in the elderly population in
our environment, but this situation is changing in the new generations for whom

smoking consumption is common among women.

With respect to methodological issues, the results also have implications for
study design of elderly people and its statistical analysis. Firstly, longitudinal

data with repeated disability assessments over time will be ideal to study the

57 The lower prevalence of bronchitis/asthma among women compared to men is well in
agreement with the proportion of current/former smokers (4.9% vs. 69.0%, respectively) in
the present cohort.
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association between disability and mortality in order to capture the dynamic
disability process. The frequency of such measurements should be determined
by the ability to detect those whose disability is intermittent, as well as the study
sample size because frequent assessments may prove too costly to conduct with

large studies.

Secondly, age should be the standard time scale in the survival analysis of data
obtained from elderly people. In doing so, the survival models will be more
parsimonious, the association of several risk factors with age can be handled,
the information can be considered at the age-time that it was measured, and the
comparison of the survival curves from different studies will be more

straightforward.

Thirdly, disability should be treated as a time dependent variable, whenever
possible, to account for the dynamic process of disability and avoid the plausible
underestimation of the association between disability and mortality.
Furthermore, it allows for the evaluation of the effect of disability on mortality

at any given age.

¥ Guralnik J.M., Leveille S.G., Hirsch R., Ferrucci L. and Fried L.P. The impact of
disability in older women. JAMWA 1997;52:113-20.
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CHAPTER 7
CONCLUSIONS
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7. Conclusions

This thesis has been targeted at assessing the gender differentials in the
relationship between disability and mortality along the ageing process, paying
special attention to survival analysis methodology. It has contributed new
knowledge to the relationship between disability and mortality and the factors
that affect it in a Southern-European city, as well as the appropriate statistical
approach to address survival analysis in studies of the elderly. The conclusions

of this thesis are the following

e Disability in the elderly evolves over time, it is not fixed. Overall,
disability tends to worsen with age, but a sizeable proportion of disabled

subjects are able to recover after 8 years.

e There are gender differences in the changes of functional capacity among
the elderly: women are less able to regain functional capacity once they

become disable.

e The strength of the association between disability and mortality among
the elderly varies over time. The relative risk of dying for disabled

elderly people at older ages decreases.

e Body mass index and smoking habit are independently associated with

mortality among elderly men.

e Health and social care policies focusing on disabled women should be

implemented, due to the higher proportion of disabled women than
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disabled men, their lower probability of regaining functional capacity and

their higher risk of dying compared to disabled men.

Age should be considered the time-scale for the survival analysis in the

elderly population.

The dynamic nature of disability should be considered when designing
studies to capture its variations along the ageing process. To do so,
longitudinal studies of older people with periodical disability assessments

should be performed.

Disability should be considered as a time-dependent variable to avoid

possible underestimations of its relationship with mortality.
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Appendix: Introduction to the counting processes

In the latest 70s, a major theoretical development in the survival analysis
framework took place, however its relevance was not acknowledged until the
earliest 90s. O.0. Aalen'” formulated the statistical models through counting
processes; jump processes that evolves over time and count the number of
events occurred up to any moment in time. Specifically, he introduced the

multiplicative intensity model for counting processes.

The main advantage of the counting process formulation is its close link with
the stochastic processes called martingales'®. The mathematical development set
up for the theory of martingales allows deriving in an elegant and easy manner
the first and second order moment of the statistics'®', as well as, their

asymptotic distribution.

Traditionally, the Kaplan-Meier estimator has been used to estimate the survival
curves without covariates, which extends the empirical survival function to
censored data. With respect to the comparison of different populations, the k-
sampling tests that are applied are mostly generalizations of classical non-
parametric tests such as the Wilcoxon statistic. The use of counting processes
provided the tools to proof the asymptotic properties in a simple mode and to
incorporate more complex censoring and truncation processes. In addition, the

more general setting allowed dealing with repeated measures within the Cox

3 Aalen 0.0. Non parametric inference for family of counting process. Ann Statist
1978;6:701-26.

1% The difference between a counting process and the integrated intensity process result to be a
martingale.

11 The first and second order moment of the statistics are used to calculate the expected value
and the standard error of the statistic.
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model, multiple events, recurrent events, non-stationary Poisson process, semi-

Markov processes, etc.

The application of counting processes to time-dependent variables lead to a
substantial simplification in their formulation in the survival analysis context, as
well as, in the treatment of censored and left-truncated data. For this reason,

this methodology was employed in this work.

Counting processes and martingales

This section is aimed to give an intuitive view of the counting processes and
martingales. The reader is referred to the following texts for a formal approach:
D.P. Heyman - M.J. Sobel (1990)!?, S. Karlin - H.M. Taylor (1975)', J.L.
Doob (1953)!%> and D. Pollard (1984)'%. The application of these processes to
the survival analyses framework can be found in the following references: O.O.
Aalen (1978)'®, R.D. Gill (1980), T.R. Fleming - D.P. Harrington (1991) and
P.K. Andersen et al. (1993).

A stochastic process is defined as a random process that evolves over time and

follows probabilistic laws'®®. A counting process is then a stochastic process

12 The authors address both counting processes and matingales.

' In both books, the authors define the martingales and describe them by means of giving
examples of stochastic processes that behave as martingales.

1% The author describes the central limit theorem for martingales in chapter 8 (page 170 and
the followings). Also, it can be found the construction of the Kaplan-Meier estimator for
censored data using martingales (page 182 and the followings).

1 Aalen 0.0. Non parametric inference for family of counting process. Ann Statist
1978;6:701-26.

1% Doob J.L. Stochastic processes, John Wiley and Sons Inc.: New York, 1953: page 46;
X=(x, teT), a set of random variables defined on a probabilistic space (Q2,3, ¢) that takes
values on the real space. Syski R. Stocasthic process. Encyclopedia of Statistical Sciences vol.
8. Editors in chief: Kotz S. and Johnson N.L.; Executive editor: Campbell B.R. John Wiley
and Sons Inc.: New York, 1988: pp. 836-58.
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{N(t):t >0} non-decreasing and right-continuous, defined as an indicator
function with jumps of size one, taking the values O or 1, whether or not a
condition is satisfied. The counting processes can be descomposed as the sum of

a martingale and a process called compensator (Doob-Meyer decomposition).

The term Martingale comes from the Provencal name of a French community
called Martingues'®’. Originally, this name was used in the game theory context
to define a gambling strategy, which consisted of doubling the bet upon
experiencing a loss. Specifically, we consider the game of tossing a coin where
the gambler wins a certain amount of money if head, and looses the same
quantity if tail. Then, repeating the game n-times, the accumulated gains of the
gambler behave as a discrete martingale'®®. To put into notation, Nt denotes the
process that takes the value +1 if the gambler wins at time t and value -1 if
looses; assuming then that the game is fair, thus P(Ni=1)= P(Ni=-1) =0.5,

N, = z; N, represents the gambler’s accumulated gains verifying:

N|N,N,,...N ]=N,, 0<s<t
or equivalent, E[]Vt—ZVY|N,,N2, ..... ,N_|=0, 0<s<t

This is the key property that characterizes a martingale: the best prediction of a
value in the future, taking into account its previous history, is the current value

of the process.

167 Hall P. Martingales. Encyclopedia of Statistical Science, vol. 5. Editors in chief: Kotz S.
and Johnson N.L.; Executive editor: Campbell B.R. John Wiley and Sons Inc.: New York,
1985, page 278.
1% Gordon Lan K.K. and Lachin J.M. Martingales without tears. Lifetime Data Analysis
1995;1:361-75.
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In the case that the game is unfair, P(Ni=1) = P(Ni=-1), the expected value will
differ from zero, then it is necessary to modify the game by means of an easy
approach. If the game favours the gambler, the conditional expectation is

positive, then the process N, behaves as a submartingale, otherwise — negative
conditional expectation - N, behaves as a supermartingale. To keep the game

fair in the first scenario, the gambler should pay the quantity that the

expectation exceeds from zero before each tossing. The new process will be

defined as follows: N, =Y (N, —E,). The cumulative payments 4, =Y E, is
s=1

s=1

called the compensator of the submartingale.

The martingale processes imply a substantial advance in the theory of statistics,

mainly, for the following results:

1. The theroem of martingale transformation
2. The martingales’ inequalities

3. The convergence theorems (Martingale Central Limit Theorem)

The first states, under certain conditions, that the process resulting from the
transformation of martingales can be represented as a martingale. For example,
if a sequence of partial sums behaves as a martingale, then the new sequence

defined as the summatory of the partial sums,

Y(t+1) =) X(t+1)f(X(0),X(i)), will be also represented as a martingale.

i=0
The second result allows relaxing the martingale property leading to the

supermartingales and submartingales processes:
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E[N|N,,N,,...,N |= N, 0<s<t
= E[]Vt|N1,N2, ..... ,NS]> N, 0<s<t Supermartingale
HE[]VJNI,NZ, ..... ,NS]<]VT 0<s<t Submartingale

As it has been described previously, the martingales approach can be used
frequently, since it is possible to find often a compensator for the inequalities

through the Doob-Meyer decomposition.

Finally, the result with the largest impact on the inferential theory has been the

Martingale Central Limit Theorem ',

It is used to establish asymptotic
normality for sequence of martingales, and it can be interpreted as the
convergence rate in the Law of large numbers'™. Moreover, the asymptotic

distribution is frequently a good approximation for small samples.

The rationales behind the martingales approach are very similar to the classical
Theorems of the Central Limit, as it is the Lindeberg’s proof of the Central
Limit Theorem. The key point relies on the martingale property that allows to
weakly factorising the conditional expectations to their previous history, and the
conditional variances become then variances of independent sums. Although the
majority of the classical theorems have the corresponding martingale
approximation, the latter ones are superior in elegancy and the wider spectrum

of situations where they are applicable.

1 The development of the Central Limit Theorem can be found in chapter 5: ‘A martingale
central limit theorem’, pp: 201-28, and the results needed along the development are described
in the Appendix C: ‘The martingale central limit theorem: some preliminaries’, pp: 343-58;
Fleming T.R. and Harrington D.P. Counting processes and survival analysis. John Wiley and
Sons Inc.: New York, 1991.

170 Karr A.F. Stocasthic process. Encyclopedia of Statistical Sciences, vol. 8. Editors in chief:
Kotz S. and Johnson N.L.; Executive editor: Campbell B.R. John Wiley and Sons Inc.: New
York, 1988, pp: 853-4.
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A counting process is a submartingale that can be decomposed, under certain
conditions, as the sum of a martingale M and a no decreasing predictable

process “A” called compensator.
N, (t)=M (t)+4,(t) (Doob — Meyer Decomposition)'”

“A” represents the cumulative intensity associated with the counting process
N(t), it is unique and depends on the past history called filtration {J3(t):t >0}.
The filtration process (c-algebras family) contains all the available information
for a specific subject collected until the moment #, for example: vital status,
gender, age, functional capacity, etc. I is an increasing process if s > t then
3(s) = 3(t). Therefore, information about the subjects that compound the
sample increases over time. The main restriction on the process A is that it has
to be predictable; consequently its behaviour at time ¢ is completely fixed by its
previous behaviour along the interval [0,t] for any 7. In other words, for each
t>0 given 3(t), the increments ANi(t), AN2(t),..., ANn(t) are independent
random variables (0, 1), mathematically equivalent to say that N(t) has to be

3(t-) measurable.

In the survival analysis framework, N(t) registers the number of events (e.g.,
dead) observed over the period [0,t]. For a specific subject i, Ni(t) is defined in
such a way that takes the value zero until he/she dies and then the function jump

and takes the value 1.

For right-censored data, the function is defined as follows:

"I The authors describe the conditions in which the Doob-Meyer Decomposition is feasible.
Fleming T.R. and Harrington D.P. Counting processes and survival analysis, John Wiley and
Sons Inc.: New York, 1991, pp: 31-42.
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N()=>" 3" I(T, <t,5,=1) ,where N(0)=0 and N(t)<o

In this context, the compensator A comes defined by the integral A(z)=Y(¢)A(z),
called intensity process of the counting process, being also a stochastic process
that depends on the information contained in the natural history of the process
3(t) by means of Y(t). With probability A(t)dt (hazard function), the subject will
die within the tiny interval t and t+dt, then Ni(t) will be equal to 1.

M, (6)=N,(t)-[ h@Y@du, 20

The new predictable counting process, Y(t), together with N(t) may be
considered the pillars of the survival analysis methodology. It defines the risk
set, thus the number of subjects at risk for dying at time t, and can also allow to
deal with left-truncated data, if needed. The indicator function of the subjects at

risk is defined as:

(t) {1 1 is under observation and at risk at time t

0 otherwise

The cumulative intensity process A(f)= J-Oth(u)Y (u)du, ¢>0 is characterized

by the following property:

EIN@®|3(t)]= EIM@O+AQ® | 3(t)]= E[M(1) | S(OI+E[AD) [ 3(©)]=0+A)
= A(t)
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