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Abstract

The role of socioeconomic status (SES) in the last years of life is an understudied aspect of health
inequalities. This study examines disability patterns preceding death in England using data from the
English Longitudinal Study of Ageing. We use repeated measures latent class analysis to identify
the most common pathways to death in terms of walking ability, ADL and IADL limitations. Three
pathways emerged: one characterised by consistently low disability; a second by a constant high
level of functional limitations; and a third by medium impairment. We examine how different SES
indicators predict belonging to each disability pattern. Conditional on income, higher wealth is
associated with a lower likelihood of belonging to the high disability pathway. Contrary to our
expectations we find no gradient in the pathways to death by education. Health inequalities in the

last years of life seem to exist especially among individuals with different levels of wealth.
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Introduction

While the general association between socioeconomic status and mortality and morbidity is well-
established—people with higher education, more wealth and higher incomes live longer and in
better health—much remains to be understood about the role of socioeconomic status (SES) across
the life course. The importance of socioeconomic status for health in the last years of life is one area
where much is still to be learned. Most analyses of socioeconomic differences in health during later
life are designed around chronological age; that is, they follow people in certain age groups
regardless of their eventual age at death. Such designs inform us, for example, about disability
patterns among people in their 70s or 80s. However, we lack a detailed understanding of actual
disability patterns in the last years before death. What are the most common health pathways in the
last years of life? Moreover, we know little about the socioeconomic differences in these pathways
to death.

Pathways to death are relevant in at least three ways. First, they have intrinsic meaning for
individuals and their loved-ones. Second, they are important from a healthcare policy perspective,
insofar as the last years of life are the most expensive ones in terms of inpatient and social care
costs (Zweifel et al., 1999; Cutler and Meara, 2001; Bardsley et al., 2010). Thirdly, we can use
these pathways to further our understanding of theories about socioeconomic variation in health and
disability across the life course.

Our study has two main goals. First, we explore disability pathways to death for older adults in
England. We follow deceased respondents from around eight years before their death and map their
pathways in terms of ability to walk a quarter of mile, severity of activity of daily living and
instrumental activities of daily living difficulties. The second aim is to understand whether, and to
what extent, these pathways are shaped by socioeconomic factors. We use data from the first six
waves of the English Longitudinal Study of Ageing (ELSA). The analysis proceeds in two steps.

First, we use repeated measures latent class analysis to identify the different impairment pathways
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preceding death. Next, we study how different socioeconomic indicators help to predict the
probability of experiencing a certain disability pathway.

Our study makes three contributions to the literature on SES and health in later life. The first is
our focus on disability patterns in the last years of life. Several methods have been suggested to deal
with death in conventional longitudinal studies of ageing, such as imputation of expected values,
joint models, and exclusion of those dead (Diehr and Patrick, 2003; Rajan and Leurgans, 2010;
Murphy et al., 2011). Our design represents a different way to examine the confounding effect of
death in late-life trajectories by focusing only on dead individuals and studying disability patterns in
the last years of life.

Our second contribution lies in assessing the explanatory power of traditional SES indicators
with respect to disability patterns in the last years of life. Socioeconomic status might have a critical
role in shaping disability pathways in the last years of life, but few studies have tried to examine
this particular socioeconomic gradient in the years before death. Moreover, previous studies have
suggested that SES differences in health and disability might widen over the life course (Ross and
Wu, 1996; Power et al., 1998), while other studies have suggested that age narrows health
disparities (Beckett, 2000; Dupre, 2007). In particular, some studies have emphasized that selective
mortality might be responsible for the decreasing association between socioeconomic status and
health in old age (Willson et al., 2007). By examining SES differences in the last years of life, we
contribute to the empirical investigation of the changing association between SES and health in old
age. We also take into account heterogeneity in socioeconomic indicators. It has long been
acknowledged that several mechanisms link various measures of socioeconomic positions to health
and mortality to different extents (Robert and House, 1996; Torssander and Erikson, 2010; Cutler et
al., 2011).

Third, this study contributes to a greater integration of life-course analysis in the study of the
relationship between socioeconomic status and health. Health-related pathways in the last years of

life have been disregarded in favour of age-standardized trajectories. The last part of life can be
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conceptualized as a life-stage which could differ among advantaged and disadvantaged
socioeconomic groups. In the study of ageing one of the emerging questions is in which way
chronological age is useful as a life-stage marker (Morgan and Kunkel, 2016). Lowsky et al. (2014)
noted: ‘For a surprisingly large segment of the older population, chronological age is not a relevant
marker for understanding, measuring, or experiencing healthy aging.” Biological age and life-stages
emerge as ways forward to go beyond the limits of considering chronological age as the only life
stage indicator (Simm et al., 2008). Simultaneously, in public health and gerontology literature
there is an increasing interest in time to death as indicator of ageing (Lynch, 2015; Wolf et al.,
2015). Therefore, our study conceptualizes the last years of life in terms of a life-course stage and

analyses how socioeconomic status is related to this life phase.

Trajectories in the last years of life

Glaser and Strauss (1968) were the first to draw attention to the longitudinal paths at the end of life.
Although they took a caretaker’s and medical management perspective, their work highlighted an
early interest in disability patterns at the end of life. Most studies of health trajectories in late life so
far have focused on age- and cohort-related patterns of health (Lynch, 2003; Zimmer et al., 2012;
Rohlfsen and Kronenfeld, 2014). Death is often only considered in terms of attrition bias in research
on disability trajectories in later life (Dodge et al., 2006; Liang et al., 2010; Taylor, 2010).

There has been more interest in longitudinal pathways to deaths in studies on cognitive
functioning, where the debate is whether these trajectories at the end of life mimic a steady and
gradual decline or a more abrupt curvilinear drop (Wilson et al., 2003; MacDonald et al., 2011;
Gerstorf and Ram, 2013). Only a small number of studies has explicitly examined physical-health
trajectories preceding death (Bradley et al., 2000; Schoeni et al., 2003; Gill et al., 2010). Gerstorf
and colleagues (2013) compared the age and time-to-death perspectives for changes in six health
domains (i.e. cognitive, sensory, physical, health, social, and perceived control). From their study it

emerged that a mortality-related perspective describes changes better than an age-based scale. They
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showed that less advantaged socio-demographic circumstances were correlated with lower health
conditions at the baseline, but they did not find that SES was associated with differential rates of
declines. However, their analysis did not differentiate between socioeconomic indicators (see for
instance Herd et al. 2007) but used a composite index. Liao et al. (1999) explored educational and
racial differentials in morbidity and disability in the last years of life using a US sample from 1986-
1990. They found that more educated individuals were better off in terms of activity limitations,
chronic conditions, bed days, and hospital days in the two years prior to death. These findings
strongly suggest that health trajectories to death could vary by educational level. Other studies have
examined actual health trajectories to death for various indicators of morbidity and disability, but
they have not related the observed patterns to socioeconomic differences, or only examined short
periods before death (Guralnik et al., 1991; Lunney et al., 2003; Gill et al., 2010; Klijs et al., 2010).
Schoeni and colleagues (2003) explored socioeconomic differences in disability status before
death across education and poverty groups. However, due to the limited availability of longitudinal
data they used a synthetic approach to estimation using repeated cross-sectional data from National
Health Interview Survey. Therefore, they were not able to highlight actual individual trajectories
prior to death, which ELSA allows us to do. They concluded that socioeconomic differences in

disability present before death fade in proximity to death.

Socioeconomic status and health in later life
Previous research has mostly analysed health conditions and physical barrier as determinants of the
onset and progression of disability trajectories in old age (Stuck et al., 1999; Fried et al., 2001).
Only a few studies have looked at the association between socioeconomic factors and health-related
trajectories (House et al., 2005; Herd et al., 2007), and very limited longitudinal research is
available on the socioeconomic gradient in the last years of life.

Previous research in the US has found that education is associated with the onset of health

problems, while income is related to the progression rate (House et al., 2005; Herd et al., 2007).
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Other socioeconomic status indicators such as wealth and occupation are studied even less often.
Nevertheless, Robert and House (1994) showed how liquid assets and home-ownership predict
differences in functional health better than both income and education.

We study the association between socioeconomic status and disability patterns in the last years
of life for different socioeconomic indicators: education, income, and wealth. The patterns of
impairment in the eight years before death reflect the life-course circumstances that have shaped the
history of each individual as well as individual coping with increasing impairment during the last
year. Different socioeconomic indicators might affect patterns in different ways. Given the
explorative nature of our study, and the stepwise procedure for identifying patterns, it does not seem
appropriate to formulate specific hypotheses for the socioeconomic factors; instead, we discuss
possible mechanisms below.

Education has a well-documented positive impact on status attainment, which is positive for
health through material and behavioural factors. Education may be both an important factor for
accumulation of health advantage over the life course and a positive moderating element in the
presence of health problems. Education seems to increase the ability to manage illness (Goldman
and Lakdawalla, 2001) and highly educated people have greater take-up of new medical
technologies, which might help to mitigate unfavourable health conditions at the end of life (Lleras-
Muney and Lichenberg, 2002).

Although income and wealth might seem to be very similar resources, they have heterogeneous
functions and assume different meanings, especially in the context of an older population (Wise,
1998; Poterba et al., 2011, 2013). Income primarily supports daily expenditures and permits a
certain standard of living. We can view income as reflecting the short-term and current component
of the financial resources. Wealth, on the other hand, reflects the accumulation of advantages over
the life course and it also assumes other functions than purchasing or expenditure. It can have an
insurance function for unexpected unfavourable events, such as health shocks or unforeseen

economic hardships. Moreover, for older individuals wealth can have also a bequest or inter-vivo



8 Cecilia Potente and Christiaan Monden

transfer purpose: individuals might want to accumulate financial resources in order to transfer them
to their loved ones later on. On one hand, for example, income could represent a resource for
management of disability which could allow the purchase of the rehabilitative programs after the
onset of impairment. Therefore, income might relate to the shape of the pattern of disability. On the
other hand, assets could reflect the advantage over the life-course, which might affect the level (i.e.

severity of impairment) of the disability pattern in last years of life.

Data and Methods

Research design and data

We used data from Waves 0 to 5 (1998-2011) of the English Longitudinal Study of Ageing (ELSA).
ELSA respondents were drawn from households participating in the cross-sectional Health Survey
for England. This initial interview is called Wave 0, the subsequent longitudinal waves are Waves 1
to 5. Our sample includes only respondents who died within the two years after Wave 4 or after
Wave 5 and for whom information about the previous four waves is available. Therefore, the first
subsample includes longitudinal information from Wave 1-4 and the second from Wave 2-5.
Mortality follow-up is obtained through the linkage of death records from National Health Service
Register Database. Since more than 95% of the sample agreed to the linkage and the database
contains high quality data, the reliability of the deaths reported is very high (Banks et al., 2010).
Time is coded as distance to death (-1 stands for one period before death, -2 for two periods before
death and so on). Consecutive waves are approximately two years apart. Our sample thus allows us
to visualize patterns across four periods, or the last eight years, before individuals' death.

This sample included only individuals 65 and older one period before death. Mean age at
baseline (i.e. four periods before death) is 75 and 77 for men and women respectively. There are
836 respondents who died in the two years after Wave 4 or Wave 5 for whom we have information
four periods earlier. However, many of them did not participate in all four waves due to panel

attrition. Table 1 presents the sample size achieved by including only those present in all four
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periods preceding death (444). Our final analytic sample (without missing variables in any of the
socioeconomic variables) comprised 437 individuals of whom about 49 per cent are male (214).
From Table 1 we observed that the groups of decedents do not differ from the overall sample in
terms of attrition rate. The attrition rates between waves were slightly lower in the overall sample
than among respondents who died (e.g. from Wave 3 to Wave 4 83.6 % of individuals remain in the
sample, but among those dying after Wave 4 78 %). Previous analyses of ELSA data showed that
people lost at follow-up between Wave 1 and Wave 5 are older, with higher prevalence of limiting
long-standing illness, lower wealth and educational attainment (Steptoe et al., 2013). Similarly, we
looked at the characteristics of those lost at follow-up from period -4 to period -1 only among the
decedents in this analysis. Table 2 shows that the decedents for which we have information for all
four periods are wealthier, more educated and less likely to be married four periods before death
compared to those leaving the sample over waves. No significant differences are observed in terms
of disability four periods before death. Therefore, our final sample of decedents might be slightly
selected in terms of advantaged socioeconomic position—as was already shown for the overall
longitudinal ELSA sample (Steptoe et al., 2013)—but not in terms of disability.
<Table 1>

<Table 2>

Our design helps to solve two recognized issues in ageing studies: "healthy survivor” bias and
informative censoring due to death (Murphy et al., 2011). The first problem, the so-called "healthy
survivor" effect (Murphy et al., 2011), refers to studies observing the healthier individuals in the
population at old age due to age-truncated designs and attrition due to death (Kelley-Moore and Lin,
2012). Premature mortality, in particular, could cause selection in those observed reaching old age:
for example, a cohort observed in old age could appear more robust because those with higher

mortality risk are selected out of the sample. Our study design does not suffer from the "healthy
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survivor" bias since it includes only dead individuals dying at different ages. In this way, we
eliminate the bias caused by the selection happening in age-based groups (Hoffmann, 2008).

The second problem which our design avoids is the non-randomness of missing data due to
death. Non-random attrition due to death could bias the study of longitudinal patterns of health and
disability in old age. Missing data caused by participants' death are associated with the longitudinal
outcomes under examination. Therefore, it is necessary to take into account the dependence
between longitudinal outcomes and death. Our design considers only dead individuals and follows
their disability pathways preceding death. Studies that simply exclude those dying from the
longitudinal analysis might reach biased results (Biering et al., 2015). Alternative strategies that
help to deal with non-random missingness due to death, such as imputation of the expected values,
transformation of the outcome variable, competing risk models and joint models have other
drawbacks (Murphy et al., 2011). First, the imputation of expected values that the person would
have, if still alive, treats death as non-informative censoring and produces bias estimates. Second,
incorporating death in the disability score by transforming the variable would result in an
underestimation of the mean scores for the population which is still alive (Biering et al., 2015).
Competing risk models—despite being able to deal with the informative censoring—do not prevent
the "healthy survivor” effect and produce biased estimates. The joint modelling of longitudinal
outcome and time to death is one approach that could handle both the "healthy survivor" bias and
informative censoring. However, these models are computationally complex and the current
softwares available have limited applicability to different problems (Tsiatis and Davidian, 2004;
Diggle et al., 2008). By looking only at dead individuals we do not have to take care of the non-
random attrition due to death. Our design therefore represents a different approach to the described
difficulties in longitudinal studies of ageing offering a viable solution of limited computational

complexity.

Dependent variables
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Being able to function independently is crucial for old people and represents an extremely important
public health issue: later-life functioning provides a valuable indicator for the effect of chronic
diseases on quality of life and long-term care use in old age (Guralnik et al., 1996). Chronic
conditions, as well as the severity of diseases, greatly affect later-life functioning, making disability
a valid and useful indicator of functional health. We used three different variables to measure the
disability status of individuals. The first two are frequently used indicators of difficulties in
activities of daily living (Martin et al., 2010; Montez and Hayward, 2014). The Activities of Daily
Living indicator (ADL) refers to the physical dimension of everyday activities. It includes six
activities such as: walking across a room, dressing, bathing or showering, eating, getting in or out of
bed, and using the toilet, including getting up and down (Freedman et al., 2008). The Instrumental
Activities of Daily Living (IADL) refers to everyday tasks which are not necessarily physically
intense but require a good level of cognition as well. Five questions are asked in order to measure
difficulties in instrumental activities of daily living: the ability to prepare a hot meal, to shop for
groceries, to make phone calls, to take medications, and managing your money, for example, to pay
bills and keep track of expenses. Some studies create a dichotomous variable for the presence of
limitations (Cai and Lubitz, 2007) or use the absolute number of limitations as the degree of
impairment (Zimmer et al., 1998). Yang and Lee (2009) divided the ADL score into four different
levels of functional impairment. We took a similar approach and divided the ADL and IADL scores
into three groups: no impairment (no limitations), moderate (1 limitation) and severe impairment (2
or more limitations). The presence of at least one limitation is generally a useful criterion for
determining disability, but this classification allowed us to quantify not only the presence but also
the severity of impairment. Our third indicator (WALK) represents the degree of difficulty
respondents report having in accomplishing a specific physical task: walking for a quarter of a mile.
We retained the original scoring system of the survey: 1 for no difficulty, 2 for some difficulty, 3

for much difficulty, and 4 for unable to do this.
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These three indicators may highlight different degrees of impairment associated with a common
underlying condition. Unlike mere walking ability, ADL and IADL difficulties are not only an
assessment of physical capacity but also reflect environmental and social factors (Freedman and
Martin, 1998). While ADL indicates difficulties in basic everyday activities, IADL constitutes a
broader indicator of impairment that reflects environmental factors influencing the ability to live
independently as well as the perception of disability (Spillman, 2004). Moreover, difficulties in

instrumental activities of daily living are also related to the cognitive component.

Socioeconomic variables

We use three indicators for socioeconomic status: education, equivalised household income and
wealth. Concerning the educational variable, information about the highest attained qualification
came from Wave 0 for all cases. We assigned individuals without any qualification to the first
educational category, those with secondary education or below to the second category, and those
with higher education below degree or degree to the third category. The individuals with foreign
education (44 in total) were classified according to the age at which they finished full time
education (first educational category if they never been in full time education or they were 14 or
under, second educational category if the age ranges between 15 and 17, and third educational
category for age 18 or 19 and over).

Data on income and wealth were derived from period -4. Monetary income is reported as weekly
equivalent income and refers to the household. Income is the sum of several possible sources of
income: employment income, self-employment income, state benefit income, state pension income,
private pension income, asset income, and other income. Wealth is measured as the net total wealth
of the household, which is the sum of savings, investments, physical wealth, and housing wealth
after financial and mortgage debt has been subtracted. Note that wealth can also assume negative
values if debts are larger than assets. We used the OECD equivalence scale to take into account

household size (OECD, 2013). Income and wealth were divided into quartiles based on the
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distributions among all dead and alive respondents in the sample with the age range of interest. All
socioeconomic factors are included in the form of dummy variables to allow for non-linear

associations.

Methods

Our analysis proceeded in two steps. First, we applied repeated measures latent class analysis
(RMLCA) to describe the most common pathways to death in our sample (Collins and Lanza, 2010)
for walking ability (WALK), activities of daily living (ADL), and instrumental activities of daily
living (IADL). Prior research has analysed how socioeconomic position influences the onset and
progression of health problems, often by imposing a priori parametric forms to the patterns such as
strictly linearity of changes (Ferraro, 2011; Zimmer et al., 2012). However, Ferraro (2011) points
out that health changes tend to have an episodic and nonlinear nature. Therefore, RMLCA seems to
be a preferable method for this analysis compared to latent class trajectory analysis (LCTA),
because change over time is modelled without imposing any functional form (George, 2009).
RMLCA is especially helpful in this case since the change over time could differ across classes: for
example, if we expect one class with a smooth decline, one with an abrupt decline and one with
more discontinuous changes, RMLCA will be able to identify them distinctly. By using RMLCA
the patterns of disability are modelled in such a way that they could take any form in each latent
class. On the contrary, an LCTA approach would require the choice of a unique functional form for
the growth in all classes.

Moreover, RMLCA models within-time and between-time changes together, while latent
transition analysis (LTA) models latent classes at different point and then estimates the transition
probabilities from one class to the other. Latent classes defined by RMLCA are characterized by
individuals' responses to each disability indicator over time with the goal of finding the patterns to
explain variation in disability across periods. On the contrary, LTA does not model one vector over

time for each individual, but it focuses more on the transitions between one class to the other across
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periods. In this study, we are interested in the patterns over time rather than states changes across
consecutive periods, and this motivates the choice of the RMLCA approach.

One of the main assumptions for the RMLCA is local independence, meaning that the four
observed variables are related only through the latent variable. We, therefore, assume that,
conditional on latent class membership, the variables are unrelated over time. We estimate three
separate models one for each disability outcome. Each health impairment variable has four observed
variables corresponding to the periods before death with three response categories based on severity
(except for walking, where there are four categories). It is important to highlight that the latent class
analysis approach is a probabilistic one, meaning that patterns are probabilistic and they do not
represent real entities (i.e. cases are similar to each other because their responses are generated by
the same probability distribution). In order to simplify the interpretation we apply labels to the class
identified with the aim of characterizing the probabilistic patterns found. Latent classes are denoted
as pathways or patterns in the following sections. However, the group identified cannot be
considered completely homogenous. The algorithm used to optimize was the Expectation -
Maximization (EM) one. The model was estimated 300 times and the maximum number of
iterations for the estimation algorithm was set to 100,000 to avoid local maxima.

The number of classes was chosen by fitting latent class models for each health variable starting
from one class and progressively adding more classes (Nylund et al., 2007). The optimal number
was determined by looking at different criteria such as BIC and likelihood ratio Chi-squared
(Schwarz, 1978; Magidson and Vermunt, 2004). In particular, the BIC is the preferred criterion,
because it takes into account the goodness of fit as well as the parsimony of the model. A less-
formal criterion widely used in the literature consists in looking the change in likelihood ratio
compared to the one-class model. According to this test, the adequate number of classes is obtained
when a significant change is not observable anymore (Magidson and Vermunt, 2004).

Second, we used multinomial logistic model to investigate how socioeconomic characteristics—

education, income and wealth—are related to membership of the different pathways (i.e. to the
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latent classes obtained from our RMLCA). In order to estimate the coefficient without bias, we
apply the "one-step” technique in which the covariates' coefficients are estimated as part of the
latent class model (Bolck et al., 2004). We also included, as control variables, age, sex and marital
status (i.e. if the individual is married four periods before death). We tested the robustness of the
results differentiating those suffering widowhood during the four periods analysed. Moreover, all
SES variables are included simultaneously in the model. Similar results are obtained by including
the three SES variables separately (results available on request). For all analyses we use the poLCA

package in R (Linzer and Lewis, 2011).

Results
Pathways to death
Which pathways to death do we observe in the data? Following the criteria described in the method
section, three pathways emerge as adequate for walking ability and instrumental activities of daily
living model. In ADL model instead the optimal number of pathways identified is only two. Model
fit statistics according to which we decide the optimal number of classes are presented in Table 3.
<Table 3>

The composition and prevalence of the pathways vary somewhat among the disability measures,
but three similar patterns can be identified. Figure 1 presents the probability composition for the
classes. It visualizes these three pathways with time to death on the x-axis and the probability of
reporting different scores on the y-axis. Each colour represents the probability of reporting a
particular impairment score. Individuals belonging to the first pathway, which we denote “Low
Disability”, have a high probability of reporting no difficulty over the whole period (i.e. high value
for the probability of an impairment score equal to one). This group is characterized by low
disability conditions in the four periods before death and a small slightly increasing probability of
moderate difficulties. A pattern of constant high disability (“High Disability”) is evident in the

second pathway; a high likelihood of severe impairment in all four periods before death is evident
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from the large probability of having more than two ADL and IADL limitations and from the
inability or severe difficulty in walking a quarter of a mile. The third pathway, "Medium
Disability", shows medium but increasing probability of impairment over four periods.

The prevalence of the first pathway "Low Disability” varies across the health outcomes. In the
walking ability model, only 35 per cent of the sample falls into the pathway, whereas the percentage
increases to 66 per cent for IADL. The prevalence of the "High Disability" pathway ranges between
27 per cent for walking ability and 38 per cent for ADL. While "Medium Disability" pathway is the
most common pathway in the model including walking ability, it is the least prevalent in the
instrumental activity limitations model: 38 per cent of the sample have this pathway for walking
ability and only 10 per cent for IADL limitations. A medium impairment pathway does not emerge
from the ADL model.

Table 4 presents the joint distribution of class assignment for the three different models. The
classification seems quite consistent across disability indicators, and especially so for the “Low
Disability” pathways. For example, the majority of the individuals in the “Low Disability” category
in the IADL model are similarly assigned to the low impairment class in the other two models.
However, a good amount of dissimilarity among classifications exists, especially when looking at
the “Medium Disability” pathways; this can be explained by the fact that the three disability
indicators aim to measure different types of functional limitations. Therefore, the separate analysis

of the three disability indicators offers a multi-faceted view on impairment status.

<Table 4>

<Figure 1>
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Pathways to death by socioeconomic status

How are these pathways associated with socioeconomic status? Table 5 shows the relative risk
ratios along with 95% confidence intervals for income, wealth and education, and for different
impairment indicators. We compare the likelihood of experiencing the "High Disability” or
"Medium Disability"” pathways to the likelihood of experiencing the "Low Disability” one.
Therefore, for all SES indicators we use the "Low Disability” pathway as the reference. Relative
risk ratios greater than one imply a raised probability of belonging to "High Disability” or "Medium
Disability” as opposed to "Low Disability".

Two main observations can be made. First, contrary to our expectations, education and to some
extent income do not appear to be associated with any particular pathway. As to the association
between pathways to death and education, we see that the coefficients are not significant in almost
any of the models. Second, we find a wealth gradient in the pathways to death for almost all
disability indicators. The relative risk ratios of the "High Disability" pathway for respondents in the
third and fourth wealth quartiles are lower than one indicating decreased probability of belonging to
this pathway compared to the reference category (lowest wealth quartile). In other words, being in
the highest wealth quartiles implies decreased odds of belonging to "High Disability” pathway
rather than the "Low Disability” one. The decrease in the odds of the "High Disability” pathway
ranges from 50 (being in the fourth wealth quartile for walking ability) to 80 per cent (being in the
third wealth quartile for IADL) depending on the disability indicator analysed. No wealth gradient
is evident in the relative risk for "Medium Disability". Holding all other factors constant, the
relative risk of "Medium Disability” does not exhibit any consistent gradient for any socioeconomic
indicator.

Our results also point to the presence of non-linearity in the association between income on the
one hand and pathways to death on the other in the walking ability model. Surprisingly, the relative
risk of experiencing the "High Disability" pathway, rather than the "Low Disability" one, is higher

in the second and third income quartiles than in the lowest quartile. For example, for a person in the
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second income quartile, the relative risk of being in the poor walking ability pathway rather than the
low disability one is 2.7 times (1.8 times for ADL) higher than the one of a person in the first
income quartile. Therefore, being in the second income quartile represents a disadvantage for health
compared to being in the lowest one. However, this result is evident only in the walking ability and
ADL model. Some non-linearity is also evident in the wealth gradient. In general, the decrease in
the odds of "High Disability" compared to "Low Disability" is larger in the third quartile compared
to the fourth. Therefore, for all impairments individuals in the third quartile of wealth seem to have
a greater decrease in the odds of the more disabled pathway to death compared to individuals in the
fourth quartile.

Our models consider the three SES indicators simultaneously. When examining the three
socioeconomic indicators we found that income, education and wealth are somewhat distinct in
their association with disability at the end of life. Higher wealth is associated with a less disabled
pathway to death, but higher income or educational attainment is not. Moreover, different disability
indicators produce similar but not completely identical results. A very clear gradient for wealth is
evident from the latent class analysis performed on instrumental activities of daily living and
walking ability, and partially for activity of daily living. In particular, in the relative risk ratios for
ADL, significant differences are only observed between the third and first quartiles of wealth. Being
in the most advantageous wealth quartile does not seem to make a difference in terms of ADL, but
it matters for IADL and walking ability.

The control variables show the expected patterns. Men are less likely than women to be in the
"High Disability" or "Medium Disability" pathways for all three health outcomes. This is in line
with previous studies documenting a higher rate of functional limitations and disability among
women during old age, as compared to men (Arber and Ginn, 1993; Case and Paxson, 2005). This
finding demonstrates that even in the terminal phase of life men exhibit an advantage in terms of
disability that women do not, as also Lunney and colleagues (2003) have pointed out.

Unfortunately, further investigation of gender differences is not feasible because of the sample size.
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Moreover, the relative risks of high or medium impairment are smaller among married individuals
than among those who are unmarried, although they are not statistically significant. This accords
with the extensively documented positive association between marital status and low disability
(Pienta et al., 2000; Liu and Zhang, 2013). There seems to be an exception in the IADL model,
where being married four periods before death is positively associated with the "High Disability"
pathway. Since the instrumental activities of daily living represent more practical abilities married
individuals could be able to rely on the other partner for these activities more than those remaining
unmarried. As a robustness check, we include an indicator of whether individuals experience
widowhood during the three periods before death. The experience of widowhood can have adverse
health consequences for the surviving partner and even affect their mortality (Williams and
Umberson, 2004; Elwert and Christakis, 2008). We found that experiencing widowhood is not
associated with any pathway to death, and the results remain unchanged once we include this
information in the model (results available upon request). Similarly, we check the robustness of the
results by including in the analysis an indicator of whether the person is living with a child and the
number of people in the household. Results remain stable also with the inclusion of these variables.
Finally, older age is consistently associated with worse disability pathways.

<Table 5>
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Conclusions

The patterns of disability prevalence and intensity in the last years of life are successfully described
in this work. To our knowledge, our analysis represents the first attempt to model the association
between different socioeconomic indicators and pathways of disability in the terminal phase of life.
The first aim of this study was to understand the most common pathways leading to death, without
imposing a strict functional form when modelling the data. Using repeated measures latent class
analysis three patterns emerged from the analysis of walking ability and IADL (only two pathways
emerge in the case of ADL). The first pathway to death was characterized by general low disability
over the eight years preceding death. The second pathway was characterized by increasing
probability of impairment over this period. Finally, the pathway of medium impairment showed a
decreasing likelihood of no disability and an increasing one for impairment. Second, we find that
the different socioeconomic indicators have uneven explanatory powers with respect to disability
patterns at the end of life. The socioeconomic gradient in the pathways to death appears to be
evident only for wealth. Higher wealth accumulation is associated with less disabled pathways to
death. Therefore, those who reach death in low impairment are also those who have a high level of
net wealth. On the contrary, there are no clear significant differences between income quartiles as
well as educational groups in terms of pathways to death.

This analysis represents the first attempt to study the association between different
socioeconomic indicators with disability patterns in the last years of life. Previous studies have
limited their analysis to selected indicators with little attention to the comparison of different ones
(Liao et al., 1999; Schoeni et al., 2003). Therefore, our analysis studies the association between
various socioeconomic indicators and later-life functioning in the last years of life. The
heterogeneous results of different socioeconomic indicators highlight the need for more detailed
analyses of how socioeconomic variables produce later-life functioning patterns. The disablement
process might have early origins during the life-course as well as be dependent on the length of

exposure to unfavourable circumstances. In the context of old populations, income may be
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considered a reflection of economic circumstances over the life course to a less extent compared to
wealth (Smith and Kington, 2004). Prolonged exposure to favourable economic conditions may lead
to both accumulation of resources and a long-run health advantage, which—in turn—will affect
disability patterns in the last years of life. This could represent an explanation as to why those with
a high level of wealth are more likely to be in less disabled pathways to death, while high levels of
income or education are not associated with a reduction of the time spent in disabled conditions in
the last years of life.

The presence of a wealth gradient for the disability patterns in the last years of life points in the
direction of wealth as a relevant and independent dimension of social stratification (Killewald et al.,
2017). However, the emergence of a wealth gradient and the absence of a clear association with
education and income could be related to the specificity of the English context. The important role
of wealth in later life in England has been found also in other studies which focused on specific
health conditions and mortality (Banks et al., 2010; Demakakos et al., 2012, 2015; Tanaka et al.,
2012). Moreover, most of the analyses on trajectories in the latter years of life have been based on
data from the United States. Unlike the United States, England has universal health insurance
coverage, the National Health Service (NHS), which provides a comprehensive range of healthcare
services for free over the entire life-course. In particular, Banks and colleagues (2010) have found a
significant income and wealth gradient for mortality in the United States but only a wealth-related
one in England. According to them one possible explanation for the absence of the income gradient
in England is the welfare benefits received during retirement, which are largely flat below the
median. However, this explanation would not be able to justify completely our result of a higher
disadvantage for the second and third income quartile in terms of pathway to death.

Furthermore, by examining the association between disability and SES in the process of dying we
learn about the socioeconomic gradient in old age overcoming the limitations of conventional
designs. We found wealth-related differences in disability in the last years of life which in turn

could be reflected in the socioeconomic gradient over age. Since those who have higher wealth
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experience a less disabled pathway and more sudden death, the wealth gradient over age may
mechanically widen as a consequence of the difference in the process of dying. Therefore, this
study suggests the importance of considering the socioeconomic differences in pathways to death
for a better understanding of health inequality in old age.

Finally, our results are relevant to healthcare system and policy, given the high costs typically
incurred at the end of life. In the study of the health care expenditures across the life-course, the
"red herring" hypothesis emphasizes the differential role of proximity to death and age for old
people (Zweifel et al., 1999). While some studies have emphasized that age is a "red herring" for
the large health care expenditures in later life and proximity to death is the real driver, other studies
have suggested that proximity to death represents one of the important mediators together with
morbidity and impairment (Seshamani and Gray, 2004; Howdon and Rice, 2015; Hazra et al.,
2017). Our results suggest that the health care expenditures in the last years of life might differ
greatly according to the individuals' accumulated resources. Understanding better the mechanisms
through which wealth is related to disability in the pathways to death might contribute to a more
efficient management of health care costs in last years of life.

Our analysis is not free from limitations. Firstly, the time separating observed health outcomes is
relatively large, since we observe individuals every two years. In addition, we are unable to
differentiate those who are interviewed close to their death from those who are interviewed longer
before their death. More frequent observations might allow us to distinguish more patterns,
although this would obviously also require a lager sample size. Nevertheless, we are still able to
examine major changes happening across individuals’ last years of life. Second, we do not analyse
causes of death despite the information different causes provide regarding the rate of decline.
However, we did not use information on cause of death as the reliability of stated cause of death is
rather low in old populations because of the high comorbidity rate in later life (Sington and Cottrell,
2002; Harteloh et al., 2010). Since diseases and health problems occurring in old age tend to be

highly interrelated, it is often hard even for medical professionals to establish an individual's “true’
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cause of death. Third, sample size limits the extent of our analysis by forcing us to analyse the
female and male sample together. A smaller sample size could reduce the chances of detecting
weaker but significant effects that might be nonetheless present. Consequently, we might be able to
observe only significant results for relative strong effects. Finally, the attrition of more
socioeconomically disadvantaged individuals over years may have skewed the sample towards
individuals with higher wealth and education, as presented in Table 2. We may consequently have
underestimated the magnitude of wealth and education disparities in the disability pathways to
death.

Recommended next steps to further our understanding of social variations in pathways to death
include investigating the role of different socioeconomic indicators in the disability pathways, by
using data with more frequent observations and lager sample sizes. Moreover, the study of disability
pathways at the end of life might be enhanced by models that consider the interaction between
multiple socioeconomic indicators. The intersection of different socioeconomic conditions could be
associated with distinct impairment patterns in the last years of life. We believe that further studies
on how SES is related to the pathways to death can contribute to a better understanding of health

inequality in old age.
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Figure 1 Probability composition of the pathways to death for walking ability, ADL and IADL
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Table 1 Sample size in different waves and retention rates

Wavel  Wave?2 Wave 3 Wave 4 Wave 5
Panel A
N. of individuals (all sample) 12099 9432 9771 11050 10274
N. of individuals (for which we 12099 9324 7613 6367 5633
have data on previous waves, all
sample)
Panel retention (all sample) 7% 81.6% 83.6% 88.5%
Panel B
N. of individuals dead after 507 418 354 276
Wave 4 (for which we have data
on previous waves - age 65 and
above in period -1)
Panel retention (dead after 82.4% 84.7% 78%
Wave 4)
Panel C
N. of individuals dead after 329 273 213 168
Wave 5 (for which we have data
on previous waves - age 65 and
above in period -1)
Panel retention (dead after 83% 78% 78.8%

Wave 5)
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Table 2 Descriptive statistics at the baseline (four periods before death) comparing the decedents in

the sample and those who suffer attrition (excluding observations with missing data on SES)

Present In All Waves Attrited

Variable Mean / % SD N. Mean / % SD N.
Male 49 437 46 384
Being Married (=1) 44* 437 51* 384
Age 76 7.8 437 76 7.2 384
Wealth 165916* 184264 437 141673* 165833 384
Income 195.9 135.8 437 190.5 114 384
Education 1.59* 0.76 437 1.49* 0.73 384

IADL 0.35 0.80 437 0.44 0.91 383
ADL 0.65 1.17 437 0.70 1.25 383
WALK 1.97 1.17 437 2.09 1.25 380

T p<.10; *p<.05; **p<.01; ***p<.001
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Table 3 Model fit for different classes

Health N. latent N. G? Df AIC BIC Log
outcome classes Parameters Likelihood
Estimated

WALK 1 12 980.9 243 44371 4486 -2206.6
2 25 396.3 230 3878.5 3989.3 -1914.2
3 38 245.7 217 3753.9 3908.7 -1839
4 51 190.1 204  3724.3 3932.1 -1811.2
5 64 158.8 191 3719 3980 -1795.5
6 77 136.8 178 3723 4037 -1784.5
7 90 118.1 165 3730.4 4097 -1775.2

ADL 1 8 511.6 72 3337.1 3369.8 -1660.6
2 17 125.2 63 2968.8 3038.1 -1467.4
3 26 85.7 54 2947.2 3053.3 -1447.6
4 35 62.4 45 2942 3084.8 -1436
5 44 49.2 36 2946.7 3126.3 -1429.4
6 53 35.7 27 2954.2 3167.5 -1422.6
7 62 28.8 18 2962.4 3215.4 -1419.2

IADL 1 8 575.3 72 2974.4 3007 -1479.2
2 17 180.2 63 2597.2 2666.6 -1281.6
3 26 102.1 54 2537.2 2643.2 -1242.6
4 35 59.8 45 2512.9 2655.7 -1221.5
5 44 42.1 36 2513.1 2692.7 -1212.6
6 53 32.1 27 2521.1 2737.4 -1207.6
7 62 24.8 18 2531.8 2784.8 -1203.9

AIC = Akaike Information Criterion, BIC = Bayesian Information Criterion, G? = likelihood
ratio/deviance statistics, Df = Degrees of Freedom
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Table 4 Number of individuals classified in different classes for each disability indicator

“Low Disability” “High Disability” “Medium Disability

IADL
ADL “Low Disability” 234 19 13
“High Disability” 55 80 32

WALK
ADL “Low Disability” 141 21 104
“High Disability” 13 95 59

IADL
WALK  “Low Disability” 144 7 4
“High Disability” 27 60 29

“Medium Disability” 119 32 12
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Table 5 Relative risk ratios for walking ability, ADL and IADL. Class 1 represents "Low Disability”, 2 "High Disability" and 3 "Medium

Disability".
WALK ADL IADL

High vs. Low Medium vs. Low High vs. Low High vs. Low Medium vs. Low

Income Quiartiles (ref. = lowest)

Income Quartile 2 2,7123* 0,992 1,781* 1,547 3,887*
(1,271 - 5,833) (0,498 - 1,977) (1,039 - 3,051) (0,76 - 3,15) (1,358 - 11,13)

Income Quiartile 3 2,838* 1,162 1,459 1,045 1,863
(1,147 - 7,023) (0,524 - 2,577) (0,771 - 2,758) (0,489 - 2,232) (0,583 - 5,95)

Income Quartile 4 1,876 0,746 0,998 1,375 1,926
(0,695 - 5,065) (0,278 - 2,003) (0,452 - 2,203) (0,502 - 3,768) (0,443 - 8,37)

Education (ref. = no qualifications)

Education 2 0,750 0,573 1,219 1,038 1,291
(0,318 - 1,317) (0,34 - 1,233) (0,7 -2,124) (0,501 - 2,148) (0,477 - 3,496)

Education 3 0,729 1,061 1,254 1,284 0,511
(0,372 - 3,014) (0,727 - 3,937) (0,63 - 2,496) (0,548 - 3,004) (0,105 - 2,489)

Wealth Quartiles (ref. lowest)

Wealth Quartile 2 0,603 1,019 0,825 0,602 0,598
(0,258 - 1,411) (0,463 - 2,244) (0,455 - 1,495) (0,294 - 1,233) (0,216 - 1,656)

Wealth Quartile 3 0,221** 0,587 0,478* 0,200** 0,288
(0,085 - 0,574) (0,264 - 1,304) (0,246 - 0,931) (0,082 - 0,49) (0,065 - 1,275)

Wealth Quartile 4 0,324* 0,323* 0,713 0,370* 0,870
(0,126 - 0,833) (0,121 - 0,866) (0,346 - 1,469) (0,146 - 0,938) (0,25 - 3,023)

Male 0,336** 0,486* 0,600* 0,506* 0,489
(0,173 - 0,654) (0,272 - 0,868) (0,378 - 0,951) (0,278 - 0,922) (0,202 - 1,185)

Age 1,069** 1,058* 1,030* 1,086*** 1,011
(1,028 - 1,113) (1,018-1,1) (1,002 - 1,06) (1,046 - 1,128) (0,96 - 1,064)

Married 0,678 1,030 0,902 2,097* 0,325*
(0,328 - 1,401) (0,572 - 1,857) (0,55 - 1,479) (1,088 - 4,044) (0,112 - 0,946)

Intercept 0,008** 0,029* 0,083t 0,001*** 0,142

(0-0,225) (0,001 - 0,763) (0,007 - 0,946) (0 - 0,015) (0,002 - 10,403)

Observations 434 437 437

AIC(3): 3710,648 2966,9 2508,2

BIC(3): 3955,031 3081,2 2704,1

x%(3): 395,56572 131,1 95,1

Notes: 95 % confidence interval in parentheses and significant relative risk ratios in bold.
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T p<.10; *p<.05; **p<.01; ***p<.001
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