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Abstract

We propose a novel methodology to classify individuals into groups of health and
characterize their transition across these groups as they age. We use MCMC techniques to
estimate a panel Markov switching model that exploits information from both the cross-
sectional and time series dimensions. Using the Health and Retirement Study, we identify
four clearly differentiated and persistent health groups, depending on individual’s physical
and mental disabilities, with heterogeneous transitions across gender and education. Our
classification outperforms existing measures of health used in the literature at explaining

entry in nursing homes, home health care, out-of-pocket medical expenses and mortality.
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1 Introduction

Life-cycle models with heterogeneous agents are becoming increasingly popular among
scholars as a tool for designing optimal policies related to Social Security, inequality, insurance
markets or health care among others. In order to use these models as accurate laboratory
economies, it is therefore crucial to appropriately capture health and earnings risk in order to
understand individuals’ decisions. As a result, macro models are benefiting from a recent and
influential strand of the empirical literature estimating richer earning dynamics (see Guvenen
et al. 2015; Arellano et al. 2017) and analysing their macroeconomic implications (De Nardi
et al. 2018; Gorea and Midrigan 2017, among others). Different from earnings, health is a
multidimensional attribute hard to measure and summarize.

This paper proposes a dynamic latent variable model for jointly estimating a parsimonious
health classification and the associated process for health transitions. Health dynamics are
allowed to differ across gender and education types to capture heterogeneity in health risks
across the population. The methodology exploits both the cross-sectional and the time-series
dimension of panel data sets based on detailed surveys, which contain a wide array of variables
about different aspects of elderly’s health. If we restrict to the cross-sectional dimension, our
method mimics the latent class model (Lazarsfeld, 1950); that is, it allocates individuals to
latent groups to fit the joint distribution of all the observed health variables considered. On the
other side, along the time-series dimension, our strategy emulates Hamilton (1989)’s model
inasmuch as it infers the health status of an individual at a point in time using her whole time-
series through the auto-correlation structure. Altogether, we assign each individual at each
point in time to a given group using her health information and that of every individual in past,
current and future periods. We thus reduce the dimensionality of the data to a discrete variable
which corresponds to the endogenous groups.

We apply the methodology to allocate individuals in the Health and Retirement Study
(HRS) into four groups according to their difficulty with Activities of Daily Living (ADLs)
and Instrumental Activities of Daily Living (IADLs). Additionally, we characterize health
dynamics and survival as a hidden Markov chain which incorporates heterogeneity across
age, gender, and education. Precisely, we model transitions across health groups as logistic
functions of the aforementioned attributes whose parameters change depending on the current

health status.



Our modelling approach presents three desirable features. First, it considers the classifi-
cation of individuals and groups’ dynamics jointly. This way the health classification is not
based solely on the information of the current period but on all the observations including death
events. Moreover, potential misreporting is smoothed out by the algorithm which reduces pos-
sible biases affecting groups’ dynamics. Secondly, even though the resulting health measure is
discrete, we also obtain as a by-product the probability of belonging to each group conditional
on the whole sample, which enables to weight observations according to their representative-
ness of each group using a continuous measure. Third, the latent nature of our groups allows
classifying an individual’s health even in the case of missing information as long as we have
past or future information.

The empirical strategy requires the estimation of thousands of hidden Markov chains, one
per individual, together with hundreds of parameters. For that reason, we resort to Markov
chain Monte Carlo methods. In particular, we rely on a Metropolis-within-Gibbs algorithm
which involves two main blocks. First, given the health group of each individual, it is straight-
forward to sample the parameters driving the I-ADLs binary processes through a Metropolis
step; and likewise, the parameters ruling the dynamics.! Then, conditional on these parame-
ters we obtain, for each individual, a realization of the latent health group using Kim (1994)’s
smoother algorithm. To save the computational burden to future researchers, the probabilities
for each individual and time are available at the authors’ website. Further, based on our re-
sults we suggest an estimation-free classification that improves currently used ones, although
it performs worse than the endogenous one.?

Four groups which divide individuals into physically frail, mentally frail, impaired, and
healthy represent health suitably. The impaired have both types of limitations, physical and
cognitive, while the healthy have no or light difficulties with I-ADLs.? In turn, the physically
frail have limited mobility, while the mentally frail have difficulties with more cognitive tasks
such as managing money. Importantly, and in line with gerontology literature (e.g. Morris

et al., 2013), not all the I-ADLs are equally informative for classifying individuals in health

! Along the paper we use I-ADLs to denote the set of both ADLs and IADLs; likewise, I-ADL refers to one of

these variables.
2Bueren’s webpage provides the probabilities of each individual in the HRS identified by hhidpn and wave,

and the parameters of the model.
3 Along the paper, we use italics to refer to our states, hence a healthy individual is a member of the group we

label healthy.


http://www.cemfi.es/~bueren/

groups. For example, if a person has difficulties with getting in or out of bed, she belongs
to the physically frail group with a probability higher than one third but to the mentally frail
with a probability lower than 5%. In contrast, an individual incapable of taking medications is
much more likely to belong to the mentally rather than the physically frail group.

Groups’ dynamics features stylized facts previously documented in the literature of aging
(Manton and Soldo, 1985): older individuals have relatively worse health, health deteriorates
with age, individuals in worse health have larger chances of dying, and females live longer
than males. Furthermore, in line with Brown (2002) and Meara et al. (2008), we find a large
educational gradient in life expectancy. Nonetheless, despite living longer, educated individ-
uals spend, on average, less time impaired, consistent with Pijoan-Mas and Rios-Rull (2014).
Even though any health classification reveals the protective effect of education, they lead to
very different magnitudes. Precisely, while high-school graduates live on average around 30%
less time in our unhealthiest group and 40% more in the healthiest one, these gradients equal
55% and 140% if we rely on self-reported health.

Aside from education, current health status constitutes an important source of heterogene-
ity because of the groups’ persistence. For instance, a 75-years-old impaired respondent has a
probability of remaining impaired of 60%; thus she faces a health risk different from a healthy
respondent who stays healthy with 80% probability. This feature is consistent with our groups
being closely linked to long-term care (LTC) needs and it is less pronounced in the case of
self-reported heath.

We then compare access to medical and care services across health groups based on the
estimated probabilities. On average, impaired (healthy) individuals spend around $10,043
($2,310) per year in out-of-pocket medical spending. Likewise, mentally frail individuals
spend $1,343 more than physically frail ones, who employ $3,565. The use of LTC services
also presents large differences across groups. While 9% of the individuals mentally frail live in
a nursing home at the time of the interview, only 1.6% of the physically frail do so. This dispar-
ity widens between members of the healthy group, who avoid the nursing home almost surely,
and those of the impaired, out of which 33.6% reside in these facilities. A similar pattern
arises if we compare the received professional care of these two extreme groups. Nonetheless,
mentally and physically frail individuals need a medical-trained person to look after them at
home with the same probability.

Finally, we contrast our estimated health groups with other commonly used health classi-



fications, namely, five different levels of self-reported health, whether the individual reports
difficulty with any ADL, and the division of a frailty index into five equally sized groups.*
To do so, we consider three main variables associated with health-related spending, particu-
larly, out-of-pocket medical expenditures, and indicators of residing in a nursing home and
receiving care which the macro literature has identified as crucial drivers of savings (De Nardi
et al. 2010; Barczyk and Kredler 2018; Ameriks et al. 2015). Our four groups classification
generates more differentiated groups; furthermore, it explains about three times more variance
than self-reported health and twice as much as the use of an ADL indicator. These results
resemble an out-of-sample exercise since these variables do not enter the classification model.
Additionally, we analyze the ability of the different classification to predict mortality and find
that our four groups dominate the alternatives.

Our paper complements the literature analyzing the effect of health on economic decisions.
This literature relies on dynamic structural models to quantify the importance of mechanisms
or to derive implications for policymaking. Due to the curse of dimensionality, researchers
undertake an ad-hoc decision over which of all the possible health variables from the available
surveys to use as a state variable. Van der Klaauw and Wolpin (2008) and French and Jones
(2011) divide individuals into two groups of self-reported health to analyze how health affects
the retirement decision. De Nardi et al. (2010) use the same strategy to quantify the effect
of health-related expenses on the savings decision of the elderly. With a similar objective,
Ameriks et al. (2015) and Barczyk and Kredler (2018) classify individuals as unhealthy if they
report a difficulty with ADLs or require care, respectively. Alternatively, Braun et al. (2017)
splits a frailty index into five quintiles to introduce health in their insurance demand model.

This paper relates to an extensive literature which proposes econometric methods to ana-
lyze different issues in health economics (see Jones, 2000, for a survey). Closely related to
our paper is Deb and Trivedi (1997) who show that a finite mixture of negative binomials,
characterizing ‘“healthy” and “ill” individuals, explains counts of medical care utilization by
the elderly in the U.S. better than previously proposed specifications. They, however, do not
classify individuals into the aforementioned categories. Moreover, they disregard health dy-

namics which is of first-order relevance: Contoyannis et al. (2004) stress the importance of

“De Nardi et al. (2010), Kopecky and Koreshkova (2014), Pijoan-Mas and Rios-Rull (2014), Dobrescu (2015),
and De Nardi et al. (2016) rely on self-reported health, (Bohacek et al., 2015) on ADLs, and (Braun et al., 2017)

on a frailty index.



health persistence using a dynamic panel ordered probit model for self-reported health.

We also contribute to a growing literature that summarizes health variables into a single
index that explains most of the variation related to health (see Searle et al., 2008). Regard-
ing HRS, Yang and Lee (2009) compute a frailty index based on chronic conditions, ADLs,
IADLs, depressing symptoms, self-reported health, and obesity. Nonetheless, its continuous
nature prevents researchers to include it in structural models. One exception is Bound et al.
(2010) who considers health as a continuous latent variable and include it into a structural
model to analyze retirement. To be able to solve the model; though, they assume that individ-
uals are completely unable to self-insure against medical expenses.

The rest of the paper is structured as follows. We briefly describe the HRS data in Section
2. Then, the econometric model and the estimation strategy are presented in Section 3. Next,
we present the main results in Section 4 and we compare our proposed classification with

alternative ones in Section 5. Finally, Section 6 concludes.

2 HRS and I-ADLs

Our data comes from the RAND HRS dataset which comprises a cleaned version of the
Health and Retirement Study conducted by the University of Michigan.® It contains subjective
and objective indicators of health, as well as demographic and economic characteristics, of a
representative panel of US households surveyed biannually from 1992 to 2014. In addition,
the HRS exit interview records the death of the individual and includes the answers from a
proxy informant. The completeness of this data source has led to its omnipresence in the
recent literature.

Since not all the variables used in the estimation are available for early waves, we restrict
the sample from 1996 until 2014, which includes ten waves. Moreover, to focus on health
needs, we select individuals over 60 years old. The final sample, after excluding individuals
whose education, gender or age are missing (<0.1% of observations), consists of 159,025 in-
terviews (including exit waves), which corresponds to 27,369 individuals followed on average

six waves (12 years). Figure 1 shows that the composition of the sample reflects the survival

SVersion P. Produced by the RAND Center for the Study of Aging, with funding from the National Institute on
Aging and the Social Security Administration. Santa Monica, CA (August 2016). The HRS is sponsored by the

National Institute on Aging (grant number NIA U01AG009740) and is conducted by the University of Michigan.



probabilities. While the median age is 72 years, the share of individuals is decreasing in age
as they die. Likewise, females account for 58% of the sample as their life expectancy is higher
than the males’ one. In terms of education, 72% of individuals completed high school which

constitutes 74% of the sample due to its superior life expectancy.

[Figure 1 about here.]

The HRS provides dozens of health-related variables, but we restrict to individual’s ability
to perform Activities of Daily Living (ADLs) and Instrumental Activities of Daily Living
(IADLs) to infer the health status. ADLs were proposed by Katz et al. (1963) as a measure
of how independent a patient is, and consequently, they include very basic activities such as
if they can walk or dress. IADLs, in contrast, consist of activities more closely related with
cognition as the possibility of using a phone or controlling her medication. Accordingly, these
variables relate to the need for LTC which is the dimension of health we aim to identify.
Although our model could incorporate more information, reducing the set of variables eases
the interpretation of the groups. Besides, by excluding other variables, we can use them to
compare the performance of our classification against other alternatives.

Precisely, we utilize twelve binary variables, denoted as [-ADLs, which include six ADLs
and six IADLs that describe whether individuals have any difficulty to perform these types
of basic tasks. We extract this information from the HRS questionnaire to which respondents
select one out of six possible answers: Yes and Can’t Do that we label as 1, No to which we
assign a value of 0, and Don’t Do, Don’t Know, and Refuse to answer, which are recorded as
missing.

Table 1 defines the activities included in the HRS and provides the proportion of obser-
vations in which an individual declares to have difficulties realizing each of them. The most
common ADL is not being capable of dressing (12%) whereas eating is the ADL that present
fewer difficulties (5%). Likewise, the frequency of IADLSs differs across activities from 5% of
respondents who claim to face problems when taking medications to 15% that struggle read-
ing a map. Table 1 also indicates that 21% of individuals report difficulties with at least one
ADL; meanwhile, 23% of them encounter problems when they carry out one or more IADLs.
Altogether, 30% of respondents battle with at least one I-ADL. These probabilities, neverthe-
less, change substantially across demographic groups and age as Figure 2 shows. When they

are 60 years old, more than 40% of the individuals who drop out high school already report



difficulties with at least one [-ADL. On the other hand, only one high-school graduate out of
five struggle with daily activities. Regarding gender, these proportions are also heterogeneous
since 22% of females present some type of difficulty compared to 19% in the case of males.
The differences across gender shrink as people age; while at the same time, the share of them

facing troubles with an ADL or IADL increases for all groups systematically.

[Table 1 about here.]

[Figure 2 about here.]

The HRS also includes a question to qualify respondent’s self-reported health (SRH). Since
another strand of the literature hinges on subjective measures of health to classify individuals,
in the last five columns of Table 1 we compare this measure with the answers related to ADLs
and IADLs. Not surprisingly, we observe that as people report worse health, they are more
likely to present problems with I-ADLs, nonetheless, the importance of each activity differs.
In particular, individuals reporting poor health are not able to walk, dress or bath with probabil-
ities around 40%, while for the remaining three ADLs the corresponding figures barely surpass
30%. Similarly, difficulties with IADLs are also diverse within the worst self-reported health
groups since 50% of individuals endeavor to shop but only 20% encounter complications to

take their medications.

3 Econometric model

We have an unbalanced panel of individuals ¢ = 1,..., N followed for ¢t; = 1,...,7;
periods which correspond from age a! to age ai;pi where a € (a,a). For each individual, we
observe /' dummy variables corresponding to each I-ADL across time (21 ;¢, 24, - - - ; TK,i.t),
provided the individual is alive and interviewed. All or some of the variables for a given
individual who is alive can also be missing for some period ¢;. Although we take missing
observations into account under the assumption that they occur completely at random, we
abstract from them in the model description to simplify the exposition.

We assume that the main source of heterogeneity in the population is represented by a fi-
nite number of possible health groups or clusters which are not observed by the researcher.

Conditioning on education, e; age, a; and gender, s; the current health cluster of individual ¢



is independent of previous health clusters except for the most recent one (Markov first-order
property). Besides transiting across health groups, individuals may also die which is repre-
sented by an observable and absorbing state labeled as D.

Specifically, we consider that individual 7 at time ¢ belongs to a health group h;; out of
H possible ones. Given her group is g, the probability of facing difficulties with the k’th I-

ADL, say ;. = 1,18 j4. Under the assumption that I-ADLs are independently distributed

conditional on the health status, the joint distribution of x;; = (T1,¢, T2, ..., TKir) 18
characterized by
K
P(Xidlptg, hie = g) = [ [ ity (1= paig) =500, )
k=1
where 1y = (f11,4, H2,9, - - -, f1i,g)"- Therefore, individuals within the same health group have

the same probabilities of experiencing problems with an [-ADL whereas these probabilities
might vary if individuals do not belong to the same group. Similarly, the same individual
might face a different likelihood regarding I-ADLs if she changes groups during her life.

In favor of parsimony, we model health outcomes as independent across time and indi-
viduals conditional on the health group. In the case of I-ADLs, it seems plausible that their
persistent component is only due to health, nonetheless, the model can accommodate other
types of persistence if the researcher wants to extend the set of conditioning variables. We
take into account health dynamics by explicitly modeling the transition probabilities across
groups. In particular, an individual ¢ at time ¢ who belongs to group g transits to group ¢ with

probability
eXp[fg,c(aita Sit, €it)]
L+ ZCEH exp[fg,c(aita Sit, €it)]

where 7 is the set that contains the H health groups. The remaining possible event is that the

2)

Pg.c(Qit, Sits €it) =

individual dies, which is an observable state that occurs with probability

1
L+ ZceH exp|fy.c(@it, sit, €ir)) '

pg,D(aita Sit, €z‘t) =

This specification allows health groups to own distinct dynamics as parameters differ ac-
cording to the current health group. Moreover, to capture within-group heterogeneity, transi-
tion probabilities can depend on age, gender and education level through the function f, .(a, s, €)

whose parametric specification is given by

fg,c(a7 S, 6) = 51,9,0 + 52,9,0(1 + 53,9,03 + 54,9,06 + 55,g7c(a X S) + Bﬁ,g,c(a X 6).



3.1 Posterior simulation

We aim to recover the posterior of all the parameters and the latent variables that classify
the health group to which each individual belongs at each point in time. To do so, we use a
Gibbs sampling procedure to estimate the models for different choices of the number of health
groups H. In essence, this amounts to reducing a complex problem, that is, sampling from the
joint posterior distribution of both parameters and state variables, into a sequence of tractable
ones, i.e., sampling from conditional distributions for a subset of the parameters conditional
on all the other parameters, for which the literature already provides a solution.

We define H = {h,;} , where h; = {hi,t}tTil, as the collection of all health groups,
and p and f3 as the vectors stacking the parameters of the I-ADLs process and the transition
probabilities, respectively. In addition, we include in X the data we observe; that is, age,
gender, education, if the individual is death or alive, and her situation in terms of ADLs and
IADLs. The Metropolis-within-Gibbs algorithm involves sampling sequentially from several

blocks. Specifically, iteration m involves:

1. p(hz(-m) \B(m), ) X): sampling the latent health indicator for each i = 1,..., N using
the Kim (1994)’s smoother.

2. p(u™|p0m H™ Y X): sampling the Bernoulli mixture parameters (Metropolis).
3. p(B™) | putm=1), H D, X): sampling the transition parameters (Metropolis).

The empirical results shown in the next sections are based on 40,000 draws. The first
2,000,000 draws are disregarded as burn-in and of the remaining 4,000,000, one every 100

draws is retained.

3.1.1 Sampling the states: Kim’s Smoother

To sample the states, we apply the methodology developed by Kim (1994):
1. Using the filter proposed in Hamilton (1989) we obtain p(h; r = ¢|8, u, X) for all g €
H.

2. We sample h; r from p(h; 7|3, i, X).

3. Similarly, we sample h; ; conditional on [3,u, X and h; ;+1, using the following result:

p<hi,t+1 = C|5, hi,t = 9) 'P(Xz',t|,u7 hi,t = g)
de?—[p(hi,tJrl = |f, hi = q) 'p(Xi,t’/% hi = 9)

p(hiy = g|B, 11, X, higp1 = ¢) = Vg,c € H

10



As aresult, each individual has a different probability of belonging to a given group depending
on her past, current and future answers regarding I-ADLs. Moreover, this probability also
incorporates information about the individuals’ death wave, as well as her age, gender, and
education.

To form a complete likelihood, we need to know the unconditional distribution of h; ; for
each 7, p(h;1|3). Since the model is non-stationary due to its dependence on age, we cannot
compute the unconditional distribution without further assumptions. In particular, we consider
the unconditional distribution at the age of 60 coincides with the stationary distribution given

by the parameters of the first transition (from 60 to 62).

3.1.2 Sampling the transition probabilities and the Bernoulli parameters

In this step, we sample from the posterior of the parameters of the Bernoulli distributions
and the ones governing the health dynamics (u, 3) conditional on the health groups, H, and
the data, X.

Regarding priors, we consider a uniform on [0, 1] for the elements of 1 and a diffuse Gaus-
sian prior centered at O and covariance matrix 100 - I for 5. Hence, the posterior of the pa-
rameters governing the health dynamics and the one driving the Bernoulli distributions are
independent conditional on the latent health group. Precisely, their posterior distributions are

given by

’L

|X H HHp th|hzt> ( )

i=1 t=1

and

’L

p(BIX, H) = HHp hig|B, hig-1) - p(hia|B) - p(B).

i=1 t=2

3.1.3 Starting the algorithm

To obtain the starting set of parameters ©° and 3° for the algorithm, we sample from an
approximate model in two steps. First, we obtain ° as the mode of the posterior described in
equation (1) under the assumption that h; ; are independent across both dimensions.® Second,
we use the same model to simulate h;; from the posterior probability p(h; |, x;+). Given a
sample of health groups, we get the mode of the posterior of 3, 3°, under the assumption that

groups follow the same multinomial logit specification as in the baseline model.

5This model is also known as latent class analysis (Lazarsfeld, 1950; McLachlan and Peel, 2004).
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3.2 Obtaining moments

In most applications, as in the following sections, researchers aim to compute several
sample moments conditional on a given health level. Our model, however, results in a proba-
bility of being in each group even if one fixes the parameters. While we can impute individuals
to their most likely groups, using these probabilities to weight observations enhances our mea-
sure without losing the discrete nature of the variable.

For instance, assume the researcher wants to obtain the expectation of several outputs, say
Er[A(x;)|X], where M denotes the specific structural economic model in hand and A are the
quantities of interest. In our context, the dimension of the state space is greater than 2%, thus
she must discretize X into X = {&y, ..., 4} and then the final result equals E;[A(Z; )| X].
First, our procedure provides a natural way of obtaining X. Second, the proposed methodology

also determines the probabilities of each & given the sample such that we can obtain

S EulA(@:)|X] - P(X]X).

FeX
Thus, even though we can only compute A at some points, we can weight each observation by

its representativeness of each group.

4 Health groups

We first describe how the algorithm classifies individuals into groups and then how health
evolves as individuals age taking into account differences in education and gender. To define
the groups, the model identifies those that explain the joint distribution of difficulties with I-
ADLs the best, taking into account the dynamics. In this context, the only parameter that is not
endogenous is the total number of clusters, whose value we vary from two to five to discern
what is the contribution of each successive cluster.

In what follows, we report the median of the posterior distribution of the parameters -or

relevant functions of them.

4.1 Endogenous classification

Figure 3 reports the probability of reporting difficulties with each I-ADL conditional

on being in each cluster, that is yy 4 in equation (1). Each panel corresponds to a different

12



number of clusters /. Meanwhile, each marker symbol represents a cluster and each tick in
the horizontal axis refers to an ADL (the first six) or an IADL (the remaining ones). The
higher the marker is, the more likely is that an individual in that specific group struggles with

the corresponding I-ADL.

[Figure 3 about here.]

If we set H = 2, the algorithm divides individuals into one group whose probability of
declaring problems with an I-ADL is close to 0 for every I-ADL and another one which owns
a higher likelihood of facing problems with every I-ADLs. We label the former group as
healthy (circumferences) and the latter as impaired (triangles). We also find large differences
in the probabilities across I-ADLs within the impaired group which suggests that activities
differ in their importance for categorizing individuals. For example, as regards the impaired
group these probabilities range from 31% in the case of eating to 77% in the case of shopping.

The upper right panel of Figure 3 presents the same graph but with 1 = 3. There is still
one group with almost zero probability to face difficulties with any I-ADL and another with
again the highest probabilities of struggling with all I-ADL. Nevertheless, the probabilities
of this group are slightly higher than when we consider only two groups as some individuals
previously classified as impaired belong to the new group whose probabilities lie between the
other two.

When we allow for four groups, the impaired and the healthy groups become more distant.
In addition, the middle group splits into two very different ones. One group with moderate
probabilities to suffer difficulties with an ADL but low probabilities to have problems with
IADLSs, reflecting that those individuals are physically frail; and another one which consists of
mentally frail elderly in the sense that they are mostly dependent in terms of IADLs but not as
much in terms of ADLs.

Lastly, we consider /I = 5 in the lower right panel. In that case, the previous groups
remain almost unchanged and the new group that emerges is extremely similar to the healthy
one, with the exception that individuals struggle reading a map. As one adds more groups,
their connection to health is even weaker; therefore, in the remaining of the paper, we focus
on the case of four groups.

While Figure 3 characterizes individual’s health in each cluster, it is silent about the mean-

ingfulness of each I-ADLs for classifying individuals. For instance, in the case of H = 2,
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the elderly in the impaired group present a much higher probability of facing difficulties read-
ing a map than eating. This comparison, however, disregards that unconditionally only 5% of
individuals struggle to eat but 16% are not able to read a map.

To overcome this issue, Figure 4 plots the probability of belonging to group g given that
the individual faces difficulties with I-ADL £, that is,

Pr(h=g)

where the relative size of the bars indicates which I-ADL is more informative.
[Figure 4 about here.]

Following the same example, if a person has difficulties to eat, she belongs to the impaired
group with probability 90%, according to the upper left panel. Meanwhile, individuals inca-
pable of reading a map have almost the same likelihood to be part of the impaired or healthy
group; thus, MAP is uninformative. The pattern of these two I-ADLs remains unchanged when
H = 3 and H = 4; MAP is never informative while EAT is the best indicator to classify indi-
viduals into the impaired group. This evidence is in line with previous evidence in the medical
literature (see Morris et al., 2013, and references therein) which argues that difficulties with
eating are the best predictor of full dependence.

Figure 4 characterizes the importance of each I-ADL separately for descriptive purposes;
however, the joint structure of these variables also contributes significantly to identification.
To see this, in the third and fourth columns in Table 2 we provide the proportion of respondents
who report difficulties with at least one ADL or IADL. Consistent with the previous discussion,
individuals in the impaired group are the ones more likely to present difficulties with an I-ADL;
actually, they face problems with one [-ADL almost surely. The other side of the coin is the
healthy group which probability of reporting troubles with ADLs varies between around 4%
and 9% depending on the number of groups. In the third panel (four groups), the distinction
between physically frail and the mentally frail becomes salient. While in the former 80% of
respondents struggle with ADLs and 61% with I-ADLs, the latter faces more problems with
IADLSs (100%) and less with ADLs (55%).

[Table 2 about here.]

Groups are not only different in terms of I-ADLs but also in terms of demographics. For

instance, if our classification correctly identifies the health status of individuals we expect
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members of the impaired group to be older than those of the other groups. In that regard,
Table 2 shows they are indeed on average nine years older than the ones in the healthy cluster
and six years older than those physically frail. Additionally, the difference between mentally
frail and impaired is smaller which is consistent with mental conditions caused by aging.
Next, in terms of education, high school graduates are overrepresented in the healthy group
which is in line with previous literature on health inequality such as Mackenbach et al. (2008).
Another interesting pattern is that worse health groups contain a significantly higher proportion
of women. These differences lead us to study pattern of heterogeneity of health dynamics

across gender and education groups.

4.2 Heterogeneous health dynamics

The distribution of elderly into health groups changes with age, gender and education.
Figure 5 plots the probability of being in each group through age. The left panels correspond to
dropouts whereas the right ones present the results for high-school graduates; meanwhile, the
upper graphs refer to males and the lower ones to females. The most common health status is
healthy at early ages but starting at age 90, impaired becomes the predominant group. Further,
the physically and mentally frail have very different dynamics. The former is stable throughout
life while the latter increases steeply as elderly age. These patterns are very similar across
education and gender, although the initial composition of individuals varies with demographic

characteristics.
[Figure 5 about here.]

Since, in the estimation, mortality and health deterioration is allowed to vary by education
group, we find that dropouts and high-school graduates encounter a very distinct health risks.
Table 3 shows the expected time an individual at age 60 lives in each health group. Even if
the more educated elderly live longer, they spend fewer years as impaired and frail, which
suggests that richer individuals face lower health risks. For instance, in the case of males,
dropouts stay 60% more time (or 0.3 extra years) in the impaired state. This empirical fact
generates extra motives for precautionary savings for low-income earners. Nonetheless, the
superior life expectancy of high-school graduates also increments their need for savings due

to uncertain life span.
[Table 3 about here.]
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Individuals’ incentives might also change across health groups since their expected health
path might differ. Figure 6 displays the transition probabilities according to age and current
health status. For example, a healthy elderly owns a very low probability to become impaired,
thus a low health risk, everything else equal. In contrast, once an individual enters the impaired
group, she is very likely to stay in that group; hence, her expected future medical spending is
very high. In general, groups are very persistent and health is more likely to worsen than to
improve, in line with our interpretation of the endogenous groups as different levels of LTC
needs. Although mentally frail and impaired individuals do not recover, their large mortality

rates limit the time spent in high levels of need.

[Figure 6 about here.]

S Comparison with alternative indices

The need for a discrete measure of health has led researchers to use ad-hoc classifications.
In this section, we compare our endogenous classification with the main three alternatives:
self-reported health, if the individual struggles with an ADL, and the quintiles of a frailty
index. In addition, we also consider the Cartesian product of whether the individuals report
difficulty with 1) at least one ADL and ii) IADLs (excluding MAP) as an unsophisticated proxy
of our endogenous classification. To perform the comparison, we focus on mortality and three
variables related to the financial risk due to health: OOP medical expenditures, and indicators
of receiving home-care and residing in a nursing home. OOP medical spending is a direct
measure of the economic consequences of health. It includes the costs -in constant 2000 US
dollars- of hospital and nursing home stays, doctor visits, dental treatments, outpatient surgery,
prescription drugs, home health care, and special facilities. Received home care equals 1 if a
medically-trained person has come to the respondent’s home to help her, and nursing home
resident takes value 1 for those individuals who live in a nursing home at the time of the

interview.
[Table 4 about here.]

The health classification most widely used in the literature relies on an individuals self-

assessment on their health status which can take 5 different values between excellent and
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poor. The self-reporting nature of the answer induces two opposing effects. On the one hand,
individuals might know more about their health than researchers can ever measure. On the
other hand, respondents might misjudge their health condition, incorporate other information
as mood or consider different benchmarks of being good. Previous literature has analyzed the
net effect of these two channels and establishes that the disadvantages often offset any benefit.
For instance, Crossley and Kennedy (2002) directly checks the reliability of self-assessment
and finds that 28% of individuals change their answer from the beginning to the end of the
survey. Moreover, this measurement error correlates with important socioeconomic variables;
hence, it raises concerns about the validity of self-reported health (see Currie and Madrian,
1999, for a survey).

Nevertheless, the first panel of Table 4 confirms that self-reported health has information
about the financial risks. Those respondents reporting worse health spend more on medical
consumption and care, and are more likely to reside in a nursing home than those who claim
to be healthy. The difference between the five groups varies though. In particular, answering
excellent, very good, and good relates to almost the same risk, whilst fair and poor correspond
to much more spending. Previous literature, thus, merges the three healthiest and the two worst
groups. We denote this latter classification as self-reported health (2 groups).

Grouping individuals according to if they have an ADL or not is similar to our approach,
specifically to identify the healthy respondents; hence the proportions of healthy and No-ADL
almost coincide. This classification, however, considers every ADL equally important and
disregards the number of ADLs, as well as difficulties with IADLs. Actually, elderly who
struggle to eat are usually more dependent than those who are unable to dress themselves
(Williams et al., 1994).

Braun et al. (2017) construct a frailty index based on Searle et al. (2008) by merging infor-
mation on I-ADLs, chronic conditions, cognitive impairment, and information about smoking
and alcohol consumption to create a frailty index. Although the inclusion of more informa-
tion improves the measure of health and allows to create more groups, the relevance of each
variable is still assumed to be the same. Additionally, the resulting index is continuous which
forces them to allocate individuals into five equally sized groups according to the quintiles of
the index. As a result, the healthiest groups are very similar among themselves and the worst
group present the same features as those who have an ADL in the Yes/No classification.

Finally, classifying individuals regarding whether they struggle with at least one ADL,
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IADL, both or none, which we denote as 4-1-ADL, can be understood as a simple approxima-
tion to our four groups. In contrast to the frailty index by Braun et al. (2017) who effectively
separates individuals without problems with any ADL in four groups, this method divides
respondents who recognize problems to perform an ADL into three groups. Since these in-
dividuals are more heterogeneous, the resulting groups become more differentiated in all the
variables considered.

Even if the four aforementioned alternative classifications are highly correlated with the
health outcomes that we use, our estimated groups seem to be more differentiated across them.
For instance, using our methodology, the average difference in terms of OOP between healthy
and impaired elderly is $7,751. According to self-reported health, however, an individual be-
longing to the worst group only expends $3,333 more than one in the best group. Similarly,
the fact that you report an ADL implies that your average OOP medical spending is $2,648
higher; meanwhile, being a part of the worst, rather than the best, frailty quintile costs $3,305.
Not surprisingly, 4-I-ADL is the closest to our classification but the distance between the best
and worst groups hardly surpasses $4,000. As for the intermediate groups, they are again less
distinct in the case of the alternative classifications as their increment in spending is below
$1,000 except from the two worst groups, compared to $1,281 which is the minimum differ-
ence between our groups.

Regarding the probability of residing in a nursing home, a similar pattern arises and the
difference between the best and worst of our health groups at least duplicates the same dif-
ference using the alternative methods. The same holds true for home care when we look at
self-reported health or struggling with at least one ADL but, in this case, our four groups
outranks 4-I-ADL just mildly.

In line with the previous discussion, our classification also identifies future death events
more accurately. In particular, an impaired individual dies with 40% probability whereas only
3.4 out of 100 healthy ones do not survive to the next wave. Instead, the difference between
the healthiest and unhealthiest groups does not reach 25 percentage points with alternative
classifications. Though relevant, this result might follow from the inclusion of death in the

classification algorithm.
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5.1 A horse race

Most of the time, the researcher’s concern might not be to classify individuals into distant
groups but to create a categorical index that captures most of the variation coming from health.
To assess the performance of the grouping methods in that context, Table 5 displays the R? of

the following regression:
yie =c+dj B +z,7+ (d@2) 0+ age, (&, +2z;,m) + e

where y;, is the variable used as a reference, z,, includes gender and education, and d;; is
a vector of dummy variables indicating to which group the individual belongs.” In the case
of our classification, we use two alternative approaches. First, we substitute d;; by a vector
containing the probability of individual ¢ at time ¢ of belonging to each cluster (we label it

Probs). Secondly, we assign each individual to her most likely state (which we label as Mode).
[Table 5 about here.]

Even though self-reported health only explains 1.9% of the variation of out-of-pocket med-
ical spending, it doubles the variance explained solely by age, education, gender and their in-
teractions. Similarly, we can explain up to 2.2% by dividing individuals according to whether
they report problems with at least an ADL. If we also include IADLs, the fit improves by 1 per-
centage point. Altogether, our classification explains 4.4% of the medical spending variance
which exceeds every alternative. The same conclusion arises from considering the spending
reported in the following wave.

Nursing home residency, by virtue of being binary, contains a lower measurement error;
nevertheless, the same ranking persists. Any measure that includes ADLs beats self-reported
health by at least 5 percentage points, which doubles if we consider our unsophisticated
method. Further, weighting each I-ADL, our health groups enhance the naive 4-I-ADL by
65% because it identifies the extreme dependent individuals better. In sum, our proposed clas-
sification explains almost 4 times more variance than self-reported health and 2.5 times more
than ADL:Yes/No.

In contrast to nursing home residents, most elderly who need home care preserve a high

degree of independence. As a consequence, the weighting of I-ADLs loses importance and our

"The exclusion of the covariates does not modify our results. It just changes the level of the R? for all

classifications
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measure, although remains to be the optimal, barely improves classifications based on ADLs.
Nonetheless, it explains 50% more variance than self-reported health.

Regarding mortality, we have constructed a division that performs better than self-reported
health. This contribution is relevant because most of the literature (see Idler and Benyamini,
1997, for a survey) shows that subjective measures of health usually predict mortality beyond
objective indicators. Notably, the R* using 4-I-ADL exceeds by 0.7 percentage points that
of self-reported health which indicates that part of the improvement on the mortality predic-
tion relies on the incorporation of I-ADLs, and not on the use of death in the classification

algorithm.

5.2 Dynamics: self-reported health versus endogenous classification

The comparison regarding groups’ dynamics generates new insights about the differences
between grouping methods. To obtain smooth dynamics, we assume that the transition prob-
abilities of self-reported health follow a logistic specification as described by Equation (2).
Furthermore, to ease the comparison we focus on the best and worse groups of each method,
that is, we compare healthy according to our method with excellent as reported by individuals
and impaired with poor. For completeness, we also include the two groups of self-reported
health in the comparison.®

There are two main risks associated with health transitions which increase the incentives to
save. The first one is survival risk. Individuals optimally want to consume everything but the
bequest they desire to leave before their death day. In reality, however, this day is not known,
hence they have to save in case they live more than expected. The second risk relates to the
direct costs of health. Under the fear of entering into a health status with high medical costs,
individuals increase their savings.

Figure 7 reports the median probability of dying. The left panel corresponds to the health-
iest groups, whereas the right panel presents the results for the most unhealthy ones. Up to
the age of 80, individuals who report an excellent health, as well as those classified as healthy
own very small probabilities of dying. After this age, elderly with a low survival probability
still assess their health as excellent. On the other hand, age is not as important for the healthy
group as mortality less than doubles between age 80 and 98. One possible explanation is that

individuals compare themselves with relatives and friends of the same age to assess their health

80ne groups includes excellent, very good, and good; while the other comprises fair and poor.
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status; thus, respondents of age 65 and 90 have a different benchmark. Furthermore, while the
difference between the mortality rates of healthy and impaired are sizable, this is not the case
for the groups based on self-reported health, which suggests that this method does not predict
mortality at older ages. In addition, impaired individuals feature a higher death probability

than those who assess themselves as in poor health at any age.
[Figure 7 about here.]

The second relevant element of health risk is persistence. If the process is not persis-
tent, health today would contain relatively little information on tomorrows health and survival
probabilities thus affecting individuals’ saving behavior. Additionally, the persistence of each
classification sheds some light on the type of health process. In particular, we aim to create an
indicator of LTC needs which is by definition persistent in contrast to others such as the flu or
a sprained ankle. Figure 8 depicts the probability of remaining in the same group conditional
on the group you are at a given age. We find that individuals that report excellent in one wave
have less than 40% of probability to provide the same answer in the following wave, whereas
respondents classified as healthy are extremely likely to remain in that state. This fact indicates
that some non-persistent factors might drive self-reported health. If we focus on individuals in
bad health, our classification displays a larger persistence as individuals age which is in line
with the idea that as you become older the harder it is to recover. In contrast for fair and/or
poor self-reported health, individuals are more likely to report improvements in their health

status as people age which points towards changes in their health benchmark.
[Figure 8 about here.]

Lower persistence and a worse ability to predict mortality indicate that self-reported health
overestimates the uncertainty faced by individuals. The effect of this bias on individuals’
decisions depends on its severity across socio-economic groups and the specific structural
model.” To shed some light on the former, Figure 9 plots the additional percentage of time than
a high-school graduate spends in the healthiest state (left-hand panel) and the unhealthiest state
(right-hand side) in expectation. While our classification indicates that high school graduates
spend around 40% more time in the healthy state and 30% less in the impaired state, using self-

reported, these differences at least double. Given that our classification was able to explain a

9Using a fully-fledged structural model, Bueren (2018) shows that the importance of medical expenses as a

saving motive might have been overstated due to the use of self-reported health.
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larger fraction of the variance of different health outcomes, these results suggest that self-
reported health contains a measurement error correlated with education. More precisely, low
educated individuals tend to report worse health status or high-school graduates overestimate

their wellness, or both.

[Figure 9 about here.]

6 Conclusion

As retirees age, they face large risks of requiring persistent and expensive care. The
macroeconomic literature underlines the importance of this uncertainty to explain the dissaving
pattern of the elderly and the labor supply decisions of the individuals close to retirement.
They face, however, an important empirical challenge: summarizing the information content
of several health variables into a few groups, which is a requirement for quantitative models to
be computationally feasible.

This paper develops a methodology to classify individuals, into a reduced number of cate-
gories, exploiting the richness of the health information available in panel surveys. In addition,
by profiting from the panel dimension of the data we estimate transitions across groups con-
ditioning on current health, age, education, and gender, which are of paramount importance
when calibrating macroeconomic models.

Individuals LTC needs can be parsimoniously represented with four different groups, namely,
healthy, impaired, physically and mentally frail. While healthy and impaired have the usual
extreme interpretation, the distinction between physically and mentally frail arises from the
different pattern of respondents struggling with ADLs and IADLs. Moreover, and in line with
the previous literature, health status is highly persistent over time, but with significant differ-
ences in the dynamics of health across demographic groups.

We then assess our proposed classification against other commonly used measures. Our
comparison exercises show that previous health indices are weakly related to health outcomes
and medical utilization rates. In contrast, our health groups explain a significant fraction of the
variance in the use of nursing homes, home health care, out of pocket medical expenses, and

mortality.
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Figures

Figure 1: Share of interviewees by age
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Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (< 0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. The y-axis is mea-
sured in percentage points and the x-axis in years.
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Figure 2: Share of interviewees reporting at least one difficulty with an I-ADL by age
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Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (<0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. The units of the
y-axis are percentage points and those of the x-axis are years.
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Figure 7: Transition to death
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Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (<0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. The units of the
y-axis are percentage points and those of the x-axis are years. This graph corresponds to
female dropouts but it is similar if we look at other socio-economic groups (see Supplemental

Material)
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Figure 8: Persistence of health status
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Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (<0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. The units of the
y-axis are percentage points and those of the x-axis are years. This graph corresponds to
female dropouts but it is similar if we look at other socio-economic groups (see Supplemental
Material)
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Figure 9: Expected educational gradient across health classification
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Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (<0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. The units of the
X-axis are percentage points.
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Tables

Table 1: Fraction of individuals reporting difficulties with [-ADLSs by self-reported health

Self-reported health
Exc. Very Good Fair Poor

Activities of daily living (ADLs): Some difficulty...

Variable Definition # Obs All

DRESS  Dressing 134,980 124 22 35 8.1 20.2 44.1
TOILET Using the toilet 134,785 7.6 1.0 21 48 121 292
BATH Bathing (shower) 134,949 10.0 1.6 23 57 160 40.3

BED Getting in or out of bed 134,900 7.9 1.0 14 43 13.0 332
WALK  To walk across aroom 134,913 94 1.1 19 52 148 394
EAT Eating 134,908 4.9 08 10 25 74 215

Instrumental activities of daily living (IADLs): Some difficulty...
MEALS  Preparing hot meal 127,840 9.6 1.8 24 56 147 393
SHOP Shopping for groceries 130,313 12.8 22 31 77 210 50.2

MONEY Managing money 130,013 9.2 25 31 62 141 322

MEDS Taking medications 131,264 5.3 1.2 1.5 3.1 79 204

PHONE Using a phone 134,259 6.8 1.6 22 44 102 247

MAP Using a map 117,200 15.7 6.5 87 13.6 23.8 393
Some difficulties with...

ADL At least one ADL 134,366 21.1 40 69 156 356 66.0

IADL  Atleast one IADL 103,910  23.2 10.8 142 245 470 743
I-ADL At least one I-ADL 103,663 29.6 10.8 16.1 28.2 513 785

Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (< 0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed on average 6 waves (12 years). The column All
indicate the percentage of observations who have problems with a given [-ADL. The last five
columns present the same percentage by group of self-reported health (excellent (Exc.), very
good (Very), good, fair and poor).
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Table 2: Summary statistics for estimated health clusters

Group Share ADL IADL Age Female Dropout
Average
100 17.6 22.9 71.1 57.7 214
2 groups
Healthy 89.1 8.9 14.3 70.4 56.5 18.9
Impaired 10.9 88.3 92.9 76.4 67.6 41.9
3 groups
Healthy 81.4 4.4 10.5 70.1 55.8 17.6
Physically frail 14.3 69.1 70.2 73.9 65.8 35.6
Impaired 4.3 96.5 99.9 79.6 67.7 45.6
4 groups
Healthy 82.0 4.1 114 70.1 55.8 17.9
Physically frail 11.5 79.7 61.5 73.0 66.4 325
Mentally frail 32 54.9 99.7 78.4 64.2 47.1
Impaired 33 100.0 99.9 79.5 67.8 45.0
5 groups
Healthy 71.3 3.9 3.6 70.0 52.1 14.7
Map 12.7 11.9 65.8 71.5 79.9 39.9
Physically frail 10.0 83.2 59.6 73.0 64.6 30.4
Mentally frail 3.1 65.5 99.8 78.6 64.4 474
Impaired 2.9 100.0 99.9 79.6 67.9 45.1

Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (<0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. Results reported in
percentage points. See Section 3 for details about the econometric model and the estimation

procedure.
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Table 3: Expected forthcoming time in each health group by education and gender at age 60.

Education Healthy + Phys1§ally + Mentglly + Impaired = Life
frail frail Expectancy
Females
Dropouts 13.8 4.3 1.7 1.5 21.3
(13.5, 14.1) (4.1,4.5) (1.6,1.8) (1.4,1.6) (21.0,21.7)
High school 19.0 33 1.1 1.1 24.5

(18.7,19.2) (3.1,3.4) (1.0,1.2) (1.1,1.2) (24.2,24.7)

Males
Dropouts 13.6 2.5 1.2 0.8 18.1
(13.2,13.9) (2.4,2.7) (1.1,1.3)  (0.7,0.9) (17.7,18.5)
High school 18.1 1.9 0.7 0.5 21.2

(17.8, 18.3) (1.8,2.0) (0.6,0.7)  (0.5,0.6) (20.9,21.4)

Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (<0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. Results reported in
years. In parentheses we report the 95% high-density intervals. See Section 3 for details about
the econometric model and the estimation procedure.
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Table 4: Long-term care needs by health classification

OOP med Nurs-h Received Dead IADL>0
Share spending resident h-care next wave ADL>0IADL>0w/o MAP

Self-reported health
Excellent 9.2 1,805 0.6 2.5 24 3.5 94 4.5
Very good 28.0 2,129 0.7 39 3.2 6.4 13.1 6.2
Good 322 2764 1.3 7.4 5.5 14.9 22.5 12.8
Fair 21.0 3,594 3.0 14.2 11.2 34.6 44.1 30.1
Poor 94 5,138 7.9 28.1 24.6 65.2 71.2 60.1
ADL: Yes/No
No 79.6 2,357 0.3 53 4.7 0.0 16.7 7.8
Yes 20.4 5,005 8.8 25.7 19.0 100.0  69.5 59.2
Frailty Index Quintiles
Lowest quintile 19.6 1,743 0.1 1.5 1.5 0.1 2.8 0.7
2 19.8 2,062 0.1 32 2.8 0.9 8.4 24
3 20.8 2,524 0.2 5.6 4.9 4.7 15.5 54
4 19.0 3,017 0.7 10.3 8.4 21.9 31.8 16.7

Highest quintile20.8 5,048 8.9 25.9 20.6 72.5 77.1 64.6
4-1-ADL (¢, 7): ADL=: & IADL=j, IADL without MAP

(0,0 73.4 2,274 0.1 4.5 3.9 0.0 9.0 0.0

(1,0) 83 3,023 0.6 13.6 8.7 100.0 17.2 0.0

(0,1) 6.2 3,337 2.6 14.0 13.7 0.0 100.0  100.0

(1,1) 12.1 6,371 145 347 26.2 100.0 100.0  100.0
4 groups (mode)

Healthy 78.8 2,311 0.2 4.8 4.0 4.2 12.5 3.7

Physically frail 13.0 3,592 1.7 20.8 14.0 84.2 69.7 55.9
Mentally frail 4.3 5,008 9.2 25.4 22.5 53.3  100.0 99.5

Impaired 39 10,062 338 515 41.7 100.0 100.0 999
4 groups (probabilities)
Healthy 783 2,310 0.2 4.8 34 43 11.3 3.6

Physically frail 13.3 3,565 1.6 20.1 12.0 80.1 62.7 53.8
Mentally frail 4.4 4,908 9.0 24.4 19.4 54.2 99.5 98.5
Impaired 39 10,043 336 423 35.3 100.0  99.9 99.9

Notes: Results reported in percentage points, except for OOP med spending which is reported
in 2000 US dollars. See Section 2 for details about the data and Section 3 for details about the
econometric model and the estimation procedure.
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Table 5: Fraction of explained variance by health classification

OOP medical Nursing home Received .
i . Mortality
spending resident home care
Wave Current Next  Current Next Current  Next Next
No health 0.7 0.8 4.3 5.1 3.6 3.5 5.9
SRH (2 groups) 1.5 1.3 6.0 6.2 7.3 6.2 9.3
SRH (5 groups) 1.9 1.5 7.1 6.8 9.0 7.3 11.2
ADL: Yes/No 2.2 1.7 114 9.8 9.9 7.5 9.8
Frailty index 2.7 2.3 12.6 11.5 11.6 9.6 12.1
4-1-ADL 3.2 2.5 16.2 13.8 12.3 9.1 11.9
4 groups (mode) 4.4 3.1 26.6 18.9 13.1 9.7 13.5
4 groups (pr.) 4.6 3.3 27.8 19.9 13.7 10.2 14.1
Observations 118,706 94,544 118,706 94,544 117.408 93.268 102.292

Notes: RAND HRS Data; sample from 1996 to 2014 (10 waves). We select individuals over
60 years old and we drop individuals whose education, gender or age are missing (<0.1% of
observations). The final sample consists of 159,025 interviews (including exit waves) which
correspond to 27,369 individuals followed 6 waves (12 years) on average. Then, we restrict the
sample to those observations that can be classified according to all criteria. Results reported in
percentage points. Numbers correspond to the R? of the following regression:

Yig = C+ d;,tﬁ + Z;,t'V +(d® Z)/ 0 + age;, (d;,tﬁl + Z;,ﬂl) + €

where y; ; is the variable used as a reference, z;, includes gender and education, and d, ; is a
vector of dummy variables indicating to which group the individual belongs.
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Abstract

Table S.I gathers the definitions of each variable used in the paper. Likewise, Table
S.IT compiles the summary statistics that are not included in the main text. Tables S.IIT
to S.X show every parameter estimate related to Table 5 of the main text, and Table S.XI
replicates the table without covariates. Tables S.XII and S.XIII present the parameters of
the logit specification used in section 5.2 to describe the dynamics of self-reported health.
Figures S.1 to S.9 are the analogue to Figures 7 to 9 but for the case of males graduates
and dropouts, and female graduates. Tables S.XIV to S.XVII summarize the posterior of
the parameters of the econometric model in the case of 2, 3, 4, and 5 groups. Finally Tables
S.XVIII and S.XIX show the convergence of the estimation algorithm; precisely, we show
that the effective sample size is high, grows linearly with the length of the chain and is
insensitive to dividing the chain in different numbers of subsamples.



Table S.I: Variable definition

Variable Description Source
ADLS
Respondent reports some difficulty with...
DRESS Dressing DRESSA
TOoOILET Using the toilet TOILTA
BATH Bathing BATHA
BED Getting in and out of bed BEDA
WALK Walking across the room WALKA
EAT Eating EATA
TADLS
Respondent reports some difficulty with...
MEALS Preparing meals MEALSA
SHOP Shopping for groceries SHOPA
MONEY Managing money MONEYA
MEDS Taking medications MEDSA
PHONE Using the phone PHONEA
Map Using a map MAPA

Financial risk variables

Total out-of-pocket medical expenditures since the last

interview, or the last 2 years for new interviewees.

Respondent lives in a nursing home or other health care NHMLIV
facility at the time of the interview.

Respondent reports if any medically- trained person has HOMCAR
Received h-care come to respondent’s home since the last interview, or

the last 2 years for new interviewees.

Classification Method

OOP

Nurs-h resident

Respondent’s self-reported general health status. SHLT
Codes range from “1” for Excellent to “5” for Poor.

Constructed using the variables based on Genworth and Braun et al. (2017)
Mutual of Omaha LTCI underwriting guidelines on-line appendix
Based on whether the respondent reports difficulty with

any of the previous ADL and/or TADL.

SRH
Frailty index

4-I-ADL

Notes: This table describes the main variables used in the analysis. The last column indicates
the source of the data. Capital letters indicate the name of the variable in the HRS RAND
v.P.



Table S.IT: Summary Statistics

Wave Mean Std  Median 25% 75%
Estimation Sample
00P Current 3,027 9,841 1,070 300 2,754
Next 3,178 10,433 1,127 333 2,869
. Current 2.9 16.9 0.0 0.0 0.0
Nurs-hresident "ot 84 180 00 00 00
Received hcare Current 9.7 29.6 0.0 0.0 0.0
v Next 103 304 00 00 00
Mortality Next 8.5 27.9 0.0 0.0 0.0
Comparison Sample
o0P Current 2,897 9,349 1,100 334 2,761
Next 3,043 10,037 1,145 355 2,852
. Current 2.1 14.2 0.0 0.0 0.0
Nurs-hresident — “ 0 97 161 0.0 00 0.0
Received hocar Current 9.3 29.0 0.0 0.0 0.0
COCVEE CAe  Next 100 30.1 0.0 00 0.0
Mortality Next 7.6 26.5 0.0 0.0 0.0

Notes: This table presents the summary statistics of the two samples used in the paper. The
estimation sample corresponds to the observations that we incorporate into the estimation
procedure. Due to missing data, we might not be able to classify individuals in this sample;

hence we use a restricted sample in order to compare across classification methods.
summary statistics of this latter sample are included in the second panel.
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Table S.III: Parameters of the regression in Table 5: No health

OOP medical Nursing home Received .
. . Mortality
spending resident home care
Wave Current Next Current Next Current Next Next
Age 0.030***  0.030**  0.003***  0.004***  0.006***  0.007***  0.010***
(0.007) (0.010) (0.000) (0.000) (0.000) (0.000) (0.000)
HS -2.413**  -2.919** 0.068***  0.082***  0.087***  0.084™**  0.130***
(0.527) (0.661) (0.008) (0.010) (0.016) (0.020) (0.016)
HSxAge 0.042***  0.051*** -0.001*** -0.001*** -0.002*** -0.002*** -0.002***
(0.007) (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)
Female -2.063***  -2.781** -0.123*** -0.146™* -0.090*** -0.082***  0.077***

(0.476)  (0.599)  (0.007)  (0.009)  (0.015)  (0.018)  (0.014)
FemalexAge 0.035*  0.046**  0.002*  0.002***  0.002°*  0.001***  -0.001***
(0.007)  (0.008)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

Constant 0.021 0.091  -0.181%** -0.237*** -0.336*** -0.367***  -0.580***
(0.547)  (0.691)  (0.008)  (0.011)  (0.017)  (0.021)  (0.016)
R2 0.007 0.008 0.043 0.051 0.036 0.035 0.059

Notes: Numbers correspond to the estimates and standard errors (in parenthesis) of the fol-
lowing regression:

/ /
Yip = c+2z; 7y + ageir (2i,7) + €in
where y;; is the variable used as a reference, z includes gender and education, and d;; is a

vector of dummy variables indicating to which group the individual belongs. *** *** indicate
significance at the 99%, 95% and 90% confidence level.



Table S.IV: Parameters of the regression in Table 5: Health clusters (probabilities)

OOP medical Nursing home Received .

. . Mortality

spending resident home care

Wawve Current Next Current Next Current Next Next
Age -0.015 -0.010  -0.000*** 0.001*** 0.003*** 0.004*** 0.005***
(0.008) (0.010)  (0.000) (0.000) (0.000) (0.000) (0.000)
HS -2.075***  -2.891*** -0.034*** -0.017  0.037* 0.059** 0.029
(0.548) (0.681)  (0.007) (0.010) (0.016) (0.020) (0.016)

HSxAge 0.036***  0.048*** 0.000*** 0.000 -0.001* -0.001** -0.001**
(0.008) (0.010)  (0.000) (0.000) (0.000) (0.000) (0.000)

Female 0.546 -0.239  -0.032*** -0.043*** -0.014  -0.008 0.130***
(0.485) (0.606)  (0.006) (0.009) (0.014) (0.018) (0.014)

Femalex Age -0.006 0.006  0.000*** 0.001***  0.000 0.000 -0.002***
(0.007) (0.009)  (0.000) (0.000) (0.000) (0.000) (0.000)

Pr. Physically 1.943* -1.565 -0.050*** -0.186™** -0.035  -0.018 -0.164***
(0.764) (0.954)  (0.010) (0.014) (0.023) (0.028) (0.022)

Pr. Mentally -5.507*** -15.081*** -0.316*** -0.529*** -0.016  -0.091 -0.380***
(1.263) (1.648)  (0.017) (0.024) (0.038) (0.049) (0.037)

Pr. Impaired -24.145%* -20.221*** -0.801*** -0.859*** 0.206™** 0.208*** -0.472***
(1.223) (1.830)  (0.016) (0.027) (0.039) (0.058) (0.037)

HSxPr. Physically 0.637***  1.018** 0.008*** 0.015** 0.019*** 0.012  0.021***
(0.190) (0.231)  (0.003) (0.003) (0.006) (0.007) (0.005)

HSxPr. Mentally 2.113***  4.851** 0.021*** 0.047*** -0.002 0.015  0.032***
(0.300) (0.389)  (0.004) (0.006) (0.009) (0.012) (0.009)

HSxPr. Impaired 8.014***  8.315** 0.093*** 0.136™** 0.040*** 0.031* 0.063***
(0.296) (0.443)  (0.004) (0.006) (0.010) (0.014) (0.009)

Pr. Physically x Age -0.015 0.030*  0.001*** 0.003*** 0.002*** 0.002*** 0.004***
(0.010) (0.013)  (0.000) (0.000) (0.000) (0.000) (0.000)

Pr. Mentally x Age 0.083***  0.211** 0.005*** 0.008*** 0.002*** 0.003*** 0.007***
(0.016) (0.021)  (0.000) (0.000) (0.000) (0.001) (0.000)

Pr. Impairedx Age 0.344***  0.300*** 0.014*** 0.015"** 0.003*** 0.002** 0.011***
(0.015) (0.024)  (0.000) (0.000) (0.000) (0.001) (0.000)

FemalexPr. Physically 0.221 0.426 -0.002 0.002  0.021*** 0.015* -0.047***
(0.190) (0.238)  (0.003) (0.003) (0.006) (0.007) (0.005)

FemalexPr. Mentally 1.087***  1.114** 0.021™** 0.031"* 0.048"* 0.041*** -0.032***
(0.308) (0.404)  (0.004) (0.006) (0.009) (0.012) (0.009)

FemalexPr. Impaired 1.223*** 0.110 0.012** -0.015* -0.006 -0.004 -0.090***
(0.316) (0.498)  (0.004) (0.007) (0.010) (0.016) (0.009)

Constant 2.897*** 2731 0.034*** -0.041"** -0.138*** -0.253*** -0.280***
(0.592) (0.733)  (0.008) (0.011) (0.018) (0.021) (0.017)
R2 0.046 0.033 0.278 0.199 0.137 0.102 0.141

Notes: Numbers correspond to the estimates and standard errors (in parenthesis) of the fol-
lowing regression:

yip =c+di S+z,y+(d® z) 0 + agei, (d} 01 +2zim) +&in

where y; ; is the variable used as a reference, z includes gender and education. d;; is a vector
that includes the probabilities of being physically frail, mentally frail, or impaired. Healthy is
the excluded category. ***,** * indicate significance at the 99%, 95% and 90% confidence level.



Table S.V: Parameters of the regression in Table 5: Health clusters (mode)

OOP medical Nursing home Received .

. . Mortality

spending resident home care

Wave Current Next Current Next  Current Next Next
Age -0.015 -0.007  -0.000*** 0.001*** 0.003*** 0.005*** 0.005"**
(0.008) (0.010)  (0.000) (0.000) (0.000) (0.000) (0.000)

HS -2.123***  -2.894*** -0.030*** -0.006  0.039* 0.059**  0.037*
(0.545) (0.678)  (0.007) (0.010) (0.016) (0.020) (0.016)

HSxAge 0.036***  0.048*** 0.000***  0.000 -0.001* -0.001** -0.001***
(0.008) (0.009)  (0.000) (0.000) (0.000) (0.000) (0.000)

Female 0.478 -0.370  -0.036*** -0.049*** -0.019  -0.013  0.127"**
(0.484) (0.605)  (0.006) (0.009) (0.014) (0.018) (0.014)

Femalex Age -0.004 0.008  0.001*** 0.001***  0.000 0.000  -0.002***
(0.007) (0.009)  (0.000) (0.000) (0.000) (0.000) (0.000)

Physically 0.879 -1.971*  -0.068*** -0.191*** -0.025  -0.022 -0.142***
(0.689) (0.867)  (0.009) (0.013) (0.020) (0.025) (0.020)

Mentally -5.538*** -13.399*** -0.307*** -0.479*** -0.018 -0.039 -0.353***
(1.149) (1.506)  (0.015) (0.022) (0.035) (0.045) (0.034)

Impaired -22.947% -19.772%** -0.785"** -0.821*** (0.207*** 0.207*** -0.450***
(1.177) (1.750)  (0.016) (0.026) (0.038) (0.056) (0.035)

Physically x HS 0.576***  1.014*** 0.007** 0.012*** 0.015** 0.006  0.019***
(0.171) (0.210)  (0.002) (0.003) (0.005) (0.006)  (0.005)

Mentally x HS 2.298***  4.395** 0.019"** 0.046***  0.009 0.014  0.032***
(0.274) (0.357)  (0.004) (0.005) (0.008) (0.011)  (0.008)

Impaired xHS 7.542%*  7.940*** 0.091"** 0.133*** 0.037*** 0.025  0.062***
(0.285) (0.425)  (0.004) (0.006) (0.009) (0.014) (0.008)

Physically x Age -0.001 0.036**  0.001*** 0.003*** 0.002*** 0.002*** 0.003***
(0.009) (0.012)  (0.000) (0.000) (0.000) (0.000) (0.000)

Mentally x Age 0.082***  0.189*** 0.005*** 0.008*** 0.002*** 0.003*** 0.006***
(0.015) (0.019)  (0.000) (0.000) (0.000) (0.001) (0.000)

Impairedx Age 0.327***  0.288*** 0.013*** 0.014*** 0.003*** 0.002** 0.010***
(0.015) (0.022)  (0.000) (0.000) (0.000) (0.001) (0.000)

Physically x Female 0.172 0.297 -0.001 0.002  0.023*** 0.020** -0.032***
(0.172) (0.217) ~ (0.002) (0.003) (0.005) (0.006)  (0.005)

Mentally xFemale  1.082***  0.969**  0.019*** 0.028*** 0.037*** 0.031** -0.034***
(0.281) (0.371)  (0.004) (0.005) (0.008) (0.011)  (0.008)

ImpairedxFemale 1.122*** 0.366 0.012** -0.016* -0.011  -0.006 -0.087***
(0.305) (0.479)  (0.004) (0.007) (0.010) (0.015)  (0.009)

Constant 2.916™*  2.588***  0.028"** -0.057*** -0.151*** -0.262*** -0.307***
(0.586) (0.727) ~ (0.008) (0.011) (0.017) (0.021) (0.017)
R2 0.044 0.031 0.266 0.189 0.131 0.097 0.135

Notes: Numbers correspond to the estimates and standard errors (in parenthesis) of the fol-

lowing regression:

yip =c+di S+z,y+(d® z) 0 + agei, (d} 51 + 25 m) +ein

where y; ; is the variable used as a reference, z includes gender and education. d;; is a vector
that includes 3 dummy variables that take value one if the most likely health group is physically

frail, mentally frail, or impaired. Healthy is the excluded category. *** ** *

at the 99%, 95% and 90% confidence level.

indicate significance



Table S.VI: Parameters of the regression in Table 5: 4-1-ADL method

OOP medical Nursing home Received .

. . Mortality

spending resident home care

Wave Current Next Current  Next  Current Next Next
Age -0.027** -0.019  -0.001*** 0.001*** 0.003*** 0.005*** 0.005"**
(0.008) (0.010)  (0.000) (0.000) (0.000) (0.000) (0.000)

HS -2.868***  -3.515*** -0.029*** -0.012 0.031  0.058**  0.037*
(0.541) (0.674)  (0.008) (0.010) (0.016) (0.020) (0.016)

HSxAge 0.047***  0.056*** 0.000"**  0.000 -0.000* -0.001*** -0.001***
(0.008) (0.009)  (0.000) (0.000) (0.000) (0.000) (0.000)

Female 0.077 -0.784  -0.052*** -0.068"** -0.021  -0.022 0.120"**
(0.483) (0.604)  (0.007) (0.009) (0.014) (0.018) (0.014)

Femalex Age 0.001 0.014  0.001*** 0.001***  0.000 0.000  -0.002***
(0.007) (0.009)  (0.000) (0.000) (0.000) (0.000) (0.000)

(1,0) 0.923 -1.840 -0.020 -0.087*** -0.016  -0.053 -0.107***
(0.871) (1.073)  (0.012) (0.016) (0.026) (0.031) (0.026)

(0,1) -1.468  -6.627"** -0.154*** -0.290*** -0.032 -0.095** -0.283***
(0.952) (1.215)  (0.013) (0.018) (0.028) (0.036) (0.028)

(1,1) -13.015%** -13.261*** -0.584*** -0.628*** -0.088*** -0.012 -0.433***
(0.697) (0.932)  (0.010) (0.014) (0.021) (0.028) (0.021)
(1,0)xHS -0.273 0.234 0.002 0.005  0.022***  0.008 0.008
(0.216) (0.260)  (0.003) (0.004) (0.006) (0.008)  (0.006)
(0,1)xHS 0.542* 1.424***  0.003 0.011*  -0.003 0.002 0.008
(0.237) (0.294)  (0.003) (0.004) (0.007) (0.009) (0.007)

(1,1)xHS 3.177%  3.620%**  0.023"** 0.030***  0.005 0.014*  0.032***
(0.179) (0.233)  (0.003) (0.004) (0.005) (0.007) (0.005)

(1,0)xAge -0.001 0.031* 0.000*  0.001*** 0.001** 0.002*** 0.002***
(0.012) (0.015)  (0.000) (0.000) (0.000) (0.000) (0.000)

(0,1)xAge 0.026* 0.096***  0.002*** 0.004*** 0.001** 0.002*** 0.005***
(0.012) (0.016)  (0.000) (0.000) (0.000) (0.000) (0.000)

(1,1)xAge 0.192***  0.189*** 0.009*** 0.010*** 0.005*** 0.003*** 0.009***
(0.009) (0.012)  (0.000) (0.000) (0.000) (0.000) (0.000)

(1,0) xFemale 0.088 0.216 -0.002 0.001 0.009 0.014*  -0.027***
(0.204) (0.249)  (0.003) (0.004) (0.006) (0.007)  (0.006)
(0,1)xFemale 0.513* 0.276 0.006 0.009*  0.047*** 0.043***  0.003
(0.228) (0.284)  (0.003) (0.004) (0.007) (0.008) (0.007)

(1,1) xFemale 0.939***  1.079*** 0.010™* 0.012*** 0.014* 0.019* -0.059***
(0.183) (0.246)  (0.003) (0.004) (0.006) (0.007)  (0.005)

Constant 3.705%**  3.384*** 0.039"* -0.036** -0.144*** -0.257"** -0.294***
(0.593) (0.736)  (0.008) (0.011) (0.018) (0.022) (0.017)
R2 0.032 0.025 0.162 0.138 0.123 0.091 0.119

Notes: Numbers correspond to the estimates and standard errors (in parenthesis) of the fol-
lowing regression:

yie = c+di S +2 7+ (d®2) 0+ ageis (A}, 1+ 2; ) + &

where y; ; is the variable used as a reference, z includes gender and education. d;; is a vector
that includes 3 dummy variables that take value one if the individual presents difficulties with
an ADL but no IADL (1,0), if she struggles with an IADL but no ADL (0,1) and if she has
difficulties with at least one of each (1,1). Individuals without difficulties compose the excluded
category. *** ** * indicate significance at the 99%, 95% and 90% confidence level.
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Table S.VII: Parameters of the regression in Table 5: Frailty index quintiles

OOP medical Nursing home Received

spending resident home care Mortality
Wave Current Next Current Next Current Next Next
Age -0.049*** -0.057*** -0.001%** -0.000 0.001*** 0.003*** 0.003***
(0.011) (0.014) (0.000) (0.000) (0.000) (0.000) (0.000)
HS -3.436™** -4.161*** -0.028*** -0.018 0.046** 0.063** 0.031
(0.555) (0.696) (0.008) (0.011) (0.017) (0.020) (0.016)
HSxAge 0.058*** 0.069*** 0.000*** 0.000 -0.001** -0.001** -0.000*
(0.007) (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)
Female -0.662 -1.257* -0.062%**  -0.075*** -0.038** -0.032 0.133***
(0.481) (0.604) (0.007) (0.009) (0.014) (0.018) (0.014)
Femalex Age 0.009 0.019* 0.001*** 0.0017** 0.001** 0.001* -0.002***
(0.007) (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)
Second -0.229 -1.491 -0.008 -0.047** -0.033 -0.083** -0.055*
(0.864) (1.031) (0.012) (0.016) (0.026) (0.030) (0.025)
Third -0.093 -2.730** -0.019 -0.100*** -0.065** -0.107*** -0.125***
(0.842) (1.002) (0.012) (0.015) (0.025) (0.029) (0.024)
Fourth -0.402 -3.767** -0.060"*  -0.175***  -0.154***  -0.203*** -0.230***
(0.836) (1.002) (0.012) (0.015) (0.025) (0.029) (0.024)
Top -10.973**  -12.068**  -0.510***  -0.596™**  -0.349***  -(0.284*** -0.542***
(0.798) (1.003) (0.011) (0.015) (0.024) (0.029) (0.024)
Second xHS -0.129 -0.148 0.001 -0.002 0.007 0.003 0.004
(0.244) (0.286) (0.004) (0.004) (0.007) (0.008) (0.007)
ThirdxHS 0.002 -0.028 -0.001 -0.002 -0.002 0.004 -0.009
(0.235) (0.275) (0.003) (0.004) (0.007) (0.008) (0.007)
FourthxHS 0.006 0.111 0.002 -0.001 0.011 0.015* -0.000
(0.232) (0.273) (0.003) (0.004) (0.007) (0.008) (0.007)
TopxHS 1.726™** 2.247%** 0.013*** 0.022*** 0.008 0.012 0.017**
(0.224) (0.272) (0.003) (0.004) (0.007) (0.008) (0.007)
Second x Age 0.008 0.027 0.000 0.0017*** 0.001 0.001*** 0.001**
(0.012) (0.014) (0.000) (0.000) (0.000) (0.000) (0.000)
Thirdx Age 0.011 0.050*** 0.000 0.002*** 0.001*** 0.002*** 0.002***
(0.011) (0.014) (0.000) (0.000) (0.000) (0.000) (0.000)
Fourthx Age 0.022 0.072*** 0.001*** 0.003*** 0.003*** 0.004*** 0.004***
(0.011) (0.013) (0.000) (0.000) (0.000) (0.000) (0.000)
Topx Age 0.175%** 0.186™** 0.008*** 0.009*** 0.008*** 0.007*** 0.010***
(0.011) (0.013) (0.000) (0.000) (0.000) (0.000) (0.000)
Second x Female 0.209 0.033 -0.001 -0.002 -0.003 -0.009 -0.007
(0.173) (0.202) (0.002) (0.003) (0.005) (0.006) (0.005)
Third x Female 0.199 0.130 -0.002 -0.000 0.001 -0.006 -0.013**
(0.171) (0.201) (0.002) (0.003) (0.005) (0.006) (0.005)
Fourth x Female 0.285 -0.018 -0.001 -0.001 -0.006 0.001 -0.038***
(0.179) (0.211) (0.003) (0.003) (0.005) (0.006) (0.005)
TopxFemale 0.706*** 0.813*** 0.007** 0.008* 0.016** 0.011 -0.059***
(0.180) (0.226) (0.003) (0.003) (0.005) (0.007) (0.005)
Constant 4.683*** 5.407*** 0.050*** 0.022 -0.078** -0.169*** -0.206***
(0.822) (1.001) (0.012)  (0.015)  (0.024)  (0.029) (0.024)
R2 0.027 0.023 0.126 0.115 0.116 0.096 0.121

Notes: Numbers correspond to the estimates and standard errors (in parenthesis) of the fol-
lowing regression:

Yig =c+ dg,tﬁ + Zg,ﬂ +(d®z) 6+ age; i (dg,tﬁl + Z;,ﬂl) + €

where y; ¢ is the variable used as a reference, z includes gender and education. d;; is a vector
that includes 4 dummy variables that take value one if the individual belongs to the second,
third, fourth of fifth quantile of the frailty index proposed by Braun et al. (2017). Individu-
als in the quintile with the lowest frailness compose the excluded category. *** ** * indicate

significance at the 99%, 95% and 90% confidence level.
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Table S.VIII: Parameters of the regression in Table 5: ADL: Yes/No

OOP medical Nursing home

Received

spending resident home care Mortality
Wave Current Next  Current Next  Current Next Next
Age -0.025**  -0.005 0.000  0.002*** 0.003*** 0.005*** 0.006***
(0.008) (0.010) (0.000) (0.000) (0.000) (0.000)  (0.000)
HS -3.096*** -3.400***  0.002  0.029** 0.062*** 0.083*** 0.074***
(0.533)  (0.667) (0.008) (0.010) (0.016) (0.020) (0.016)
HSxAge 0.050*** 0.055*** -0.000 -0.000** -0.001*** -0.001*** -0.001***
(0.007)  (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)
Female -0.495  -1.257* -0.068*** -0.087*** -0.038** -0.036* 0.116***
(0.479) (0.602) (0.007) (0.009) (0.014) (0.018) (0.014)
Femalex Age 0.010 0.021* 0.001** 0.001*** 0.001** 0.001* -0.002***
(0.007) (0.008) (0.000) (0.000) (0.000) (0.000) (0.000)
ADL>0 -9.861*** -9.286*** -0.446™** -0.437*** -0.159*** -0.070** -0.368***
(0.568) (0.737) (0.008) (0.011) (0.017) (0.022) (0.017)
ADL>0xHS 1.469*** 1.686™*  0.002 0.004 -0.006  -0.004 0.009*
(0.145) (0.182) (0.002) (0.003) (0.004) (0.005) (0.004)
ADL>0xAge 0.148*** 0.133*** 0.007*** 0.007*** 0.005*** 0.003*** 0.007***
(0.007)  (0.010)  (0.000) (0.000) (0.000) (0.000)  (0.000)
ADL>0xFemale 0.653*** 0.805*** 0.008*** 0.012*** 0.014™* 0.021*** -0.040***
(0.143) (0.183) (0.002) (0.003) (0.004) (0.005) (0.004)
Constant 3.644***  2.474**  -0.000 -0.100"* -0.192*** -0.306*** -0.380***
(0.574)  (0.716) (0.008) (0.011) (0.017) (0.021) (0.017)
R2 0.022 0.017 0.114 0.098 0.099 0.075 0.098

Notes: Numbers correspond to the estimates and standard errors (in parenthesis) of the fol-

lowing regression:

Yir =c+ dg,tﬁ + Z;ﬂ +(d®z) 0+ ageq, (dé,tﬁl + Z;,ﬂl) + et

where y; ; is the variable used as a reference, z includes gender and education. d;; is a dummy
variable that takes value one if the individual presents difficulties with an ADL. Individuals

koksk kok ok

without difficulties compose the excluded category. J#.* indicate significance at the 99%,

95% and 90% confidence level.



Table S.IX: Parameters of the regression in Table 5: Self-reported health (5 groups)

OOP medical Nursing home Received .
. . Mortality
spending resident home care
Wave Current Next Current Next Current Next Next
Age -0.003 0.014 0.001** 0.002*** 0.003*** 0.004*** 0.006***
(0.013) (0.016) (0.000) (0.000) (0.000) (0.000) (0.000)
HS -2.436*** -2.786™** 0.013 0.034** 0.091*** 0.104*** 0.091***
(0.592) (0.737) (0.009) (0.012) (0.018) (0.022) (0.017)
HSxAge 0.042*** 0.049*** -0.000** -0.001***  -0.002*** -0.002*** -0.002***
(0.007) (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)
Female -1.927  -2.704*** -0.113*** -0.136***  -0.085*** -0.072%* 0.088***
(0.496) (0.620) (0.007) (0.010) (0.015) (0.018) (0.015)
Femalex Age 0.030*** 0.041%* 0.002*** 0.002*** 0.001*** 0.001** -0.001%**
(0.007) (0.008) (0.000) (0.000) (0.000) (0.000) (0.000)
Very good 0.489 0.826 -0.015 0.012 -0.066* -0.059 -0.034
(0.987) (1.181) (0.015) (0.018) (0.030) (0.035) (0.029)
Good -0.600 -0.098 -0.056*** -0.043* -0.142%* -0.155%** -0.111%
(0.960) (1.153) (0.014) (0.018) (0.029) (0.034) (0.028)
Fair -1.857 -1.108 -0.176*** -0.163*** -0.278%** -0.214%* -0.258%**
(0.999) (1.214) (0.015) (0.019) (0.030) (0.036) (0.029)
Poor -5.767 -3.562* -0.436*** -0.347* -0.246™** -0.151%** -0.441%*
(1.136) (1.450) (0.017) (0.023) (0.035) (0.043) (0.033)
Very goodxHS 0.022 -0.235 0.007 0.006 0.016 0.009 0.004
(0.300) (0.352) (0.004) (0.006) (0.009) (0.010) (0.009)
Good xHS 0.100 0.148 0.004 0.007 0.016 0.020* 0.006
(0.287) (0.337) (0.004) (0.005) (0.009) (0.010) (0.008)
FairxHS 1.023*** 0.953** 0.011* 0.017** 0.035"* 0.029** 0.020*
(0.290) (0.342) (0.004) (0.005) (0.009) (0.010) (0.008)
PoorxHS 1.934** 1.801*** 0.029*** 0.025%** 0.061*** 0.051*** 0.071***
(0.317) (0.386) (0.005) (0.006) (0.010) (0.011) (0.009)
Very goodx Age -0.004 -0.007 0.000 -0.000 0.001* 0.001* 0.001
(0.013) (0.016) (0.000) (0.000) (0.000) (0.000) (0.000)
Goodx Age 0.017 0.008 0.0017** 0.001* 0.002*** 0.002*** 0.002***
(0.013) (0.015) (0.000) (0.000) (0.000) (0.000) (0.000)
Fairx Age 0.039** 0.028 0.003*** 0.002*** 0.005*** 0.004*** 0.005***
(0.013) (0.016) (0.000) (0.000) (0.000) (0.000) (0.000)
PoorxAge 0.103*** 0.068*** 0.007*** 0.005*** 0.006*** 0.004*** 0.009***
(0.015) (0.019) (0.000) (0.000) (0.000) (0.001) (0.000)
Very good x Female 0.101 0.174 0.000 0.000 0.003 -0.007 -0.003
(0.207) (0.241) (0.003) (0.004) (0.006) (0.007) (0.006)
Good xFemale 0.280 0.319 -0.001 0.002 0.011 0.011 -0.011
(0.204) (0.238) (0.003) (0.004) (0.006) (0.007) (0.006)
Fair x Female 0.241 0.154 0.003 0.005 0.025*** 0.024** -0.023***
(0.216) (0.256) (0.003) (0.004) (0.006) (0.007) (0.006)
Poor xFemale 0.821** 0.763* 0.010** 0.008 0.051*** 0.050*** -0.063***
(0.256) (0.321) (0.004) (0.005) (0.008) (0.009) (0.007)
Constant 1.574 0.587 -0.031* -0.130*** -0.165*** -0.250*** -0.359***
(1.003) (1.220) (0.015) (0.019) (0.030) (0.036) (0.029)
R2 0.019 0.015 0.071 0.068 0.090 0.074 0.112

Notes: Numbers correspond to the estimates and standard errors (in parenthesis) of the fol-

lowing regression:

Yig =+ d{i,t/B + Z;,t7 +(d®z)0+ age;t (d;,tﬁl + Z;‘,ﬂl) + Eit

where y; ; is the variable used as a reference, z includes gender and education. d;; includes four
dummy variables that takes value one if the individual report very good, good, poor or very

poor health. Individuals reporting excellent health compose the excluded category.
indicate significance at the 99%, 95% and 90% confidence level.
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Table S.X: Parameters of the regression in Table 5: Self-reported health (2 groups)

OOP medical Nursing home Received .

. . Mortality

spending resident home care

Wave Current Next  Current Next  Current Next Next
Age 0.006 0.016  0.001*** 0.002*** 0.005*** 0.006*** 0.007***
(0.008) (0.010) (0.000) (0.000) (0.000) (0.000)  (0.000)

HS -2.448** _2.857*** 0.027*** 0.050*** 0.102*** 0.115*** 0.105***
(0.542)  (0.681) (0.008) (0.011) (0.017) (0.020) (0.016)

HSxAge 0.041*** 0.049*** -0.000*** -0.001*** -0.002*** -0.002*** -0.002***
(0.007)  (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)

Female -1.909*** -2.641*** -0.116™** -0.139*** -0.083*** -0.078*** 0.081***
(0.475)  (0.598) (0.007) (0.009) (0.014) (0.018) (0.014)

Femalex Age 0.032*** 0.043*** 0.002*** 0.002*** 0.001*** 0.001*** -0.001***
(0.007) (0.008) (0.000) (0.000) (0.000) (0.000) (0.000)

Bad -3.009*** -1.902** -0.229*** -0.197*** -0.175*** -0.083*** -0.261"**
(0.523)  (0.667) (0.008) (0.010) (0.016) (0.020) (0.015)

BadxHS 1.202***  1.157"* 0.009*** 0.010*** 0.022*** 0.015"* 0.023***
(0.131)  (0.160) (0.002) (0.003) (0.004) (0.005) (0.004)

Badx Age 0.052*** 0.036*** 0.003*** 0.003*** 0.004*** 0.002*** 0.005***
(0.007)  (0.009) (0.000) (0.000) (0.000) (0.000) (0.000)

Bad xFemale 0.252* 0.125  0.005** 0.006™* 0.028*** 0.031*** -0.028***
(0.121)  (0.150) (0.002) (0.002) (0.004) (0.004) (0.004)

Constant 1.378* 0.780  -0.071*** -0.153*** -0.265*** -0.353*** -0.438***
(0.602) (0.755) (0.009) (0.012) (0.018) (0.022) (0.018)
R2 0.015 0.013 0.060 0.062 0.073 0.062 0.093

Notes: Numbers correspond to the estimates and

lowing regression:

standard errors (in parenthesis) of the fol-

yie = c+di S +2 7+ (d®2) 0+ ageis (A}, fr + 2; ) + &

where y; ; is the variable used as a reference, z includes gender and education. d;; is a dummy
variable that takes value one if the individual reports poor or very poor health (Bad). Indi-
viduals reporting excellent, very good, good compose the excluded category.

significance at the 99%, 95% and 90% confidence level.
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Table S.XI: Fraction of explained variance by health classification without covariates

OOP medical

Nursing home

Received

spending resident home care Mortality
Wave Current  Next Current  Next Current  Next Next
SRH (2 groups) 0.7 0.4 1.3 1.1 4.3 3.1 3.8
SRH (5 groups) 1.0 0.6 2.1 1.6 6.1 4.3 5.7
ADL: Yes/No 1.3 0.7 5.8 4.2 7.9 5.2 4.8
Frailty index 1.6 1.1 6.0 4.9 9.3 7.0 6.6
4-1-ADL 2.0 1.3 10.7 8.2 11.0 7.2 7.7
4 groups (mode) 2.9 1.8 22.1 14.1 12.2 8.1 10.0
4 groups (pr.) 3.1 1.9 23.4 15.2 12.9 8.7 10.7

Observations 118,706 94,544 118,706 94,544 117.408 93.268  102.292

Notes: Numbers correspond to the R? of the following regression:

Yig =c+di S+ iy

where y;; is the variable used as a reference and d;; is a vector of dummy variables indicating
to which group the individual belongs. In the case of our classification, we use two alternative
approaches. First, we substitute d;; by a vector containing the probability of individual ¢ at
time ¢ of belonging to each cluster (we label it Probs). Secondly, we assign each individual to
her most likely health group (which we label as Mode).
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Table S.XII: Parameter estimates: self-reported health (2 groups)

Variable Exc-V.good-Good Fair-Poor

To Exc-V.good-Good

Constant -10.310  (0.352) -6.003 (0.297)
Age 0.109 (0.004)  0.079  (0.004)
High School -1.435 (0.365) -0.412 (0.306)
Female -1.682 (0.336) -0.353 (0.304)
Age x Female 0.016 (0.004)  0.001 (0.004)
Age x High School  0.012 (0.005)  0.003  (0.004)
To Fair-Poor
Constant -7.675 (0.370) -7.709 (0.260)
Age 0.086 (0.005)  0.088 (0.003)
High School 0.815 (0.383) 1.213 (0.271)
Female -1.324 (0.355)  -0.959 (0.272)
Age x Female 0.012 (0.005)  0.007 (0.004)
Age x High School -0.008 (0.005) -0.014 (0.003)

Notes: Parameter estimates and standard errors (in parenthesis) of the logit estimation using
two groups of self-reported health. The most healthy group is composed for those individuals
who report excellent, very good, or good health; meanwhile, the least healthy one includes
those respondents who report poor or very poor health. The second column corresponds to the
parameter of an individual who is currently in the healthiest group while the fourth column
refers to unhealthy individuals. The first panel shows the estimation results for the transitions
to the healthy group whereas the second includes those of the unhealthiest group.
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Table S.XIII: Parameter estimates: self-reported health (5 groups)

Variable Excellent V.Good Good Fair Poor

To Excellent

Constant -11.029 (1.222) -9.068 (0.773) -7.446 (0.725) -6.546 (1.007) 2.149 (2.534

Age 0.123 (0.015) 0.117 (0.010) 0.111 (0.010) 0.116 (0.014) 0.027 (0.033)

HighSchool -1.704 (1.240) -2.279 (0.793) -0.280 (0.760) 3.014 (1.094) -1.437 (2.710)

Female -2.587 (1.089) -2.374 (0.670) -0.412 (0.722) 1.011 (1.105) 1.732 (2.679

Age x F 0.028  (0.014) 0.026  (0.009) 0.002 (0.010) -0.015 (0.015) -0.020 (0.035

Age x HS 0.011  (0.016) 0.022 (0.010) 0.004 (0.010) -0.036 (0.015) 0.018 (0.035
To V.Good

Constant -10.463 (1.221 -8.018 -3.770

Age 0.117  (0.015 0.112  (0.008) 0.100 (0.006) 0.084 (0.008) 0.083
HighSchool -0.442 (1.239) -2.430 (0.691) -1.666 (0.506) -0.718 (0.574) 1.340

) -10.201 (0.668) ( ) (
) ) ( ) (
) ) ( ) (
Female 2556 (1.087) -1.685 (0.612) -1.590 (0.466) 0.011 (0.573) 2.082 (1.183
) ) ( ) (
) ) ( ) (

0.488) -5.456 (0.567

(

Age x F 0.028  (0.014 0.015 (0.008) 0.014 (0.006) -0.004 (0.008) -0.033 (0.016
Age x HS -0.003  (0.016 0.023  (0.009) 0.016 (0.006) 0.010 (0.008) -0.009 (0.015
To Good
Constant -10.509 (1.252) -9.849 (0.676) -9.537 (0.449) -6.937 (0.416) -2.591 (0.693)
Age 0.121  (0.016) 0.110  (0.009) 0.107 (0.006) 0.089 (0.005) 0.055 (0.009
HighSchool  2.309  (1.271) -0.290 (0.698) -0.699 (0.471) -0.596 (0.427) 0.456 (0.670)
Female -1.591  (1.137) -1.565 (0.621) -1.578 (0.439) -0.785 (0.422) -0.430 (0.698
Age x F 0.016 (0.015) 0.015 (0.008) 0.014 (0.006) 0.006 (0.005) 0.000 (0.009
Age x HS -0.029  (0.016) -0.001  (0.009) 0.004 (0.006) 0.005 (0.006) -0.006 (0.009
To Fair
Constant -8.684 (1.369) -7.133 (0.734) -7.733 (0.470) -8.588 (0.376) -5.989 (0.456)
Age 0.106  (0.018) 0.084  (0.009) 0.090 (0.006) 0.100 (0.005) 0.084 (0.006
HighSchool — 4.448  (1.430) 0.885 (0.762) 0.355 (0.490) 1.274 (0.390) 1.085 (0.464
Female -1.801 (1.316) -1.278 (0.694) -1.442 (0.460) -1.053 (0.390) -0.645 (0.475
Age x F 0.021  (0.017) 0.013 (0.009) 0.013 (0.006) 0.008 (0.005) 0.002 (0.006
Age x HS -0.049  (0.018) -0.007 (0.010) -0.005 (0.006) -0.016 (0.005) -0.012 (0.006
To Poor
Constant -3.444  (1.717) -4.807 (0.938) -4.710 (0.597) -5.924 (0.425) -6.479 (0.394)
Age 0.050 (0.022) 0.068 (0.012) 0.067 (0.008) 0.077 (0.006) 0.081 (0.005
HighSchool  3.334  (1.803) 2.731 (0.996) 0.464 (0.622) 1.565 (0.440) 1.253 (0.413
Female -2.130  (1.725) -0.201 (0.947) -1.116 (0.601) -1.330 (0.446) -0.758 (0.415
Age x F 0.024  (0.022) -0.002 (0.012) 0.009 (0.008) 0.012 (0.006) 0.004 (0.005
Age x HS -0.035 (0.023) -0.028 (0.013) -0.002 (0.008) -0.018 (0.006) -0.012 (0.005)

Notes: Parameter estimates and standard errors (in parenthesis) of the logit estimation using
the five groups of self-reported health. Each column refers to the current health group of the
individual while each panel presents the parameters of the transition to a different health group.
For instance the fourth column of the third row of the first panel (-2.279) indicates that high
school graduates who currently report very good health are less likely to report excellent in the
next wave compared with dropouts.
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Figure S.4: Transition to death

: Dropout Males
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Notes: These figures depict the probability of dying by health group. The units of the y-axis are
percentage points and those of the x-axis are years. This graph corresponds to male dropouts.

Figure S.5: Transition to death: High-school Males
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Notes: These figures depict the probability of dying by health group. The units of the y-
axis are percentage points and those of the x-axis are years. This graph corresponds to male
high-school graduates.
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Figure S.6: Transition to death: High-school females
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Notes: These figures depict the probability of dying by health group. The units of the y-axis
are percentage points and those of the x-axis are years. This graph corresponds to female
high-school graduates.

Figure S.7: Persistence of health status: Dropouts Males
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Notes: These figures depict the probability of remaining in the same health group by health
group. The units of the y-axis are percentage points and those of the x-axis are years. This
graph corresponds to male dropouts.
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Figure S.8: Persistence of health status: High-school Males
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Notes: These figures depict the probability of remaining in the same health group by health
group. The units of the y-axis are percentage points and those of the x-axis are years. This

graph corresponds to male high-school graduates.

Figure S.9: Persistence of health status: High-school Females
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Notes: These figures depict the probability of remaining in the same health group by health
group. The units of the y-axis are percentage points and those of the x-axis are years. This

graph corresponds to female high-school graduates.
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Table S.XIV:

Parameter estimates: 2 Groups

Variable Healthy Impaired
To Healthy
Constant -8.624 (0.278) -6.920 (0.492)
Age 0.085 (0.004) 0.104 (0.007)
HighSchool -0.975 (0.298) -0.020 (0.490)
Female -1.067 (0.279) -0.019 (0.516)
Age x Female 0.007 (0.004) -0.003 (0.007)
Age x HighSchool 0.008 (0.004) 0.004 (0.007)
To Impaired
Constant -0.272  (0.369) -6.334 (0.342)
Age 0.005 (0.005) 0.073 (0.004)
HighSchool 1.891 (0.386) 0.727 (0.332)
Female -1.129 (0.374) 0.044 (0.352)
Age x Female 0.004 (0.005) -0.007 (0.004)
Age x HighSchool -0.020 (0.005) -0.008 (0.004)
Pr. of each I-ADL by health group

WALK 0.018 (0.000) 0.528 (0.004)
DRESS 0.043 (0.001) 0.596 (0.004)
BATH 0.015 (0.000) 0.589 (0.004)
EAT 0.005 (0.000) 0.303 (0.003)
BED 0.018 (0.000) 0.431 (0.004)
TOILET 0.020  (0.000) 0.403 (0.004)
MAP 0.101  (0.001) 0.568 (0.004)
PHONE 0.013  (0.000) 0.388 (0.004)
MONEY 0.018 (0.000) 0.532 (0.004)
MED 0.008 (0.000) 0.310 (0.003)
SHOP 0.023 (0.001) 0.767 (0.004)
MEAL 0.008 (0.000) 0.621 (0.004)

Notes: Median and standard deviation (in parenthesis) of the posterior of each parameter in the
estimation with two groups. estimates and standard errors. Each column refers to the current
health group of the individual while each of the first two panels presents the parameters of
the transition to a different health group. The last panel gathers the estimation results of the

Bernouilli process that drives I-ADLs.
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Table S.XV: Parameter estimates: 3 Groups

Variable Healthy Frail Impaired
To Healthy
Constant -8.693 (0.350) -6.658 (0.627) 1.522 (5.529)
Age 0.085 (0.005) 0.099 (0.009) 0.107 (0.153)
HighSchool -0.811 (0.370) -1.072 (0.624) -2.622 (6.042)
Female -1.446  (0.342) 0.743 (0.620) 0.403 (5.980)
Age x Female 0.011  (0.005) -0.015 (0.009) 0.021 (0.079)
Age x HighSchool 0.006 (0.005) 0.018 (0.009) -0.050 (0.151)
To Frail

Constant -0.452  (0.450) -6.991 (0.410) -7.978 (1.034)
Age 0.005 (0.006) 0.077 (0.005) 0.123 (0.015)
HighSchool 2.008 (0.478) 0.165 (0.402) -0.262 (0.855)
Female -1.591  (0.456) -0.079 (0.423) 1.172 (1.027)
Age x Female 0.011  (0.006) -0.006 (0.005) -0.023 (0.015)
Age x HighSchool -0.023 (0.006) -0.003 (0.005) 0.012 (0.012)

To Impaired

Constant 4019 (0.896) -0.014 (0.576) -5.888 (0.525)
Age -0.028 (0.012) 0.008 (0.007) 0.074 (0.007)
HighSchool 2.168 (0.966) 0.538 (0.576) 1.555 (0.514)
Female 0.451 (0.915) 0.367 (0.596) 0.877 (0.551)
Age x Female 0.015 (0.012) -0.012 (0.007) -0.018 (0.007)
Age x HighSchool -0.025 (0.012) -0.005 (0.007) -0.017 (0.006)

Pr. of each I-ADL by health group

WALK 0.005 (0.000) 0.262 (0.003) 0.725 (0.006)
DRESS 0.021 (0.001) 0.337 (0.004) 0.807 (0.005)
BATH 0.004 (0.000) 0.249 (0.004) 0.872  (0.005)
EAT 0.002 (0.000) 0.072 (0.002) 0.573 (0.006)
BED 0.007 (0.000) 0.195 (0.003) 0.647 (0.006)
TOILET 0.009 (0.000) 0.186 (0.003) 0.617 (0.006)
MAP 0.084 (0.001) 0.343 (0.004) 0.808 (0.006)
PHONE 0.007 (0.000) 0.117 (0.002) 0.690 (0.006)
MONEY 0.008 (0.000) 0.206 (0.003) 0.837 (0.005)
MED 0.004 (0.000) 0.080 (0.002) 0.572  (0.006)
SHOP 0.005 (0.000) 0.397 (0.005) 0.971 (0.002)
MEAL 0.003 (0.000) 0.213 (0.004) 0.949 (0.003)

Notes: Median and standard deviation (in parenthesis) of the posterior of each parameter in the
estimation with three groups. estimates and standard errors. Each column refers to the current
health group of the individual while each of the first three panels presents the parameters of
the transition to a different health group. The last panel gathers the estimation results of the
Bernouilli process that drives I-ADLs.
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Table S.XVI: Parameter estimates: 4 Groups

Variable Healthy Physically frail Mentally frail Impaired
To Healthy
Constant -8.802 (0.331) -6.251 (0.734) -7.972 (1.086) 1.415  (3.528)
Age 0.086 (0.004) 0.094 (0.010) 0.114  (0.014) 0.023  (0.042)
HighSchool -0.797 (0.362) -1.069 (0.689) -0.648 (1.392) 0.464  (4.472)
Female -1.454 (0.330) 0.816 (0.733) 2.007 (1.413) 1.857  (5.361)
Age x Female 0.011  (0.004) -0.019 (0.010) -0.021 (0.018) -0.000  (0.066)
Age x HighSchool 0.006 (0.005) 0.017 (0.010) 0.016 (0.019) -0.004 (0.054)
To Physically frail
Constant -1.506 (0.508) -6.646 (0.493) -7.158 (7.180) -10.056 (1.549)
Age 0.026  (0.007) 0.072 (0.006) 0.678  (0.946) 0.161  (0.023)
HighSchool 2.320 (0.523) -0.007 (0.485) -11.409 (6.099) -1.023 (1.107)
Female -2.346  (0.512) 0.120 (0.479) -2.371 (7.272) 2.903  (1.566)
Age x Female 0.020 (0.007) -0.009 (0.006) -0.523 (0.944) -0.051 (0.023)
Age x HighSchool -0.029 (0.007) -0.001 (0.006) 0.193  (0.098) 0.022  (0.015)
To Mentally frail
Constant 2.592  (0.636) 1.485 (1.484) -7.756 (0.742) -2.690 (1.819)
Age -0.022 (0.008) 0.003 (0.019) 0.089 (0.009) 0.064 (0.023)
HighSchool 2.452  (0.682) -0.426 (1.335) 1.448 (0.812) 1.326 (2.064)
Female 1.142  (0.663) 1.798 (1.421) 0.415 (0.822) -0.305 (1.954)
Age x Female -0.023 (0.008) -0.031 (0.018) -0.010 (0.010) -0.004 (0.025)
Age x HighSchool -0.025 (0.009) 0.009 (0.017) -0.017 (0.010) -0.002 (0.026)
To Impaired
Constant 3.570 (0.943) 0.839 (0.832) -2.339 (0.927) -5.845 (0.597)
Age -0.019 (0.012) 0.002 (0.011) 0.037 (0.011) 0.076  (0.008)
HighSchool 3.228 (1.049) 0.007 (0.783) 0.581  (0.995) 1.338  (0.568)
Female 0.149 (1.026) 0.023 (0.833) 0.268  (1.059) 0.724  (0.619)
Age x Female -0.010 (0.013) -0.007 (0.011) -0.011 (0.013) -0.016 (0.008)
Age x HighSchool -0.037 (0.013) 0.003 (0.010) -0.008 (0.012) -0.015 (0.007)
Pr. of each I-ADL by health group

WALK 0.005 (0.000) 0.320 (0.005) 0.170  (0.006) 0.848  (0.005)
DRESS 0.020 (0.001) 0.424 (0.005) 0.193  (0.007) 0.934  (0.004)
BATH 0.004 (0.000) 0.293 (0.004) 0.272 (0.008) 0.961  (0.003)
EAT 0.002 (0.000) 0.074 (0.002) 0.141  (0.005) 0.661  (0.007)
BED 0.007 (0.000) 0.248 (0.004) 0.079  (0.004) 0.795  (0.006)
TOILET 0.008 (0.000) 0.243 (0.004) 0.062  (0.004) 0.764  (0.007)
MAP 0.089 (0.001) 0.236 (0.005) 0.770  (0.009) 0.804  (0.007)
PHONE 0.009 (0.000) 0.049 (0.002) 0.463 (0.009) 0.703  (0.007)
MONEY 0.011  (0.000) 0.084 (0.003) 0.743  (0.009) 0.836  (0.006)
MED 0.005 (0.000) 0.037 (0.002) 0.337  (0.008) 0.584  (0.007)
SHOP 0.006 (0.000) 0.363 (0.005) 0.728  (0.009) 0.973  (0.002)
MEAL 0.004 (0.000) 0.176 (0.004) 0.580  (0.010) 0.955  (0.003)

Notes: Median and standard deviation (in parenthesis) of the posterior of each parameter in
the estimation with four groups. estimates and standard errors. Each column refers to the
current health group of the individual while each of the first four panels presents the parameters
of the transition to a different health group. The last panel gathers the estimation results of
the Bernouilli process that drives I-ADLs.
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Table S.XVII: Parameter estimates: 5 Groups

Variable Healthy Map Physically frail Mentally frail Impaired
To Healthy
Constant -8.502 (0.362) -12.973 (1.500) -5.347 (0.701) -19.282 (3.662) -6.126 (4.478)
Age 0.082 (0.005) 0.194 (0.023) 0.086 (0.010) 3.565 (0.356) 1.815  (0.543)
HighSchool -0.988 (0.392) -0.855 (0.963) -0.954 (0.690) 6.729 (2.325) -15.305 (1.543)
Female -1.688 (0.315) 2.511  (1.254) 0.111 (0.539) -7.691 (2.239) -2.373 (1.877)
Age x F 0.014 (0.004) -0.035 (0.019) -0.004 (0.008) -2.507 (0.306) 1.252  (0.209)
Age x HS ~ 0.009 (0.005) 0.004 (0.014) 0.010 (0.010) 1.186  (0.595) -0.055 (0.388)
To Map
Constant -2.566 (1.080) -9.263 (0.636) -4.353 (1.345) -6.960 (0.710) -2.142 (2.509)
Age 0.049 (0.014) 0.096 (0.008) 0.087 (0.020) 0.100 (0.009) 0.063  (0.032)
HighSchool 3.055 (0.971) -0.434 (0.648) -3.446 (1.019) 0.207 (0.915) 14.270 (2.579)
Female -0.689 (0.782) -1.089 (0.676) -0.013 (1.229) -0.708 (0.807) 8.107  (1.709)
Age x F -0.011  (0.011) 0.006  (0.009) -0.021 (0.018) 0.014 (0.011) 3.348  (0.901)
Age x HS  -0.031 (0.013) 0.002 (0.008) 0.070 (0.016) -0.000 (0.012) 0.382 (0.382)
To Physically frail

Constant 0.219 (0.606) -3.842 (1.023) -6.554 (0.445) 1.249 (2.357) -9.854 (1.113)
Age 0.005 (0.008) 0.063 (0.014) 0.072 (0.006) 0.928 (0.348) 0.160 (0.017)
HighSchool 0.899 (0.640) 2.259  (0.944) 0.030 (0.471) -9.488 (2.319) -2.716 (0.894)
Female -2.043 (0.500) -2.746 (1.069) 0.212 (0.367) -8.291 (1.090) 4.153  (0.965)
Age x F 0.018 (0.007) 0.022 (0.014) -0.010 (0.005) -0.798 (0.345) -0.070 (0.015)
Age x HS  -0.014 (0.008) -0.022 (0.013) -0.001 (0.006) 3.051 (0.550) 0.043  (0.013)

Constant 4.789 -0.899  (0.814) 0.397 (1.217
Age -0.039 0.012 0.018 0.070 0.041
HighSchool 1.701 0.048 0.640 0.760 2.717

(1.041) ( ) 5991 (0.595) (1.363)
(0.014) (0.010) (0.016) (0.007) (0.017)
(1.018) (0.875) (1.063) (0.647) (1.225)
Female 0.388 (0.993) 3.708  (0.920) 2.310 (0.889) -0.616 (0.657) -3.270 (1.224)
(0.013) (0.012) (0.011) (0.008) (0.015)
(0.013) (0.011) (0.013) (0.008) (0.015)

-0.978

Age x F -0.011 -0.048 -0.037 0.001 0.034
Age x HS  -0.020 -0.003 -0.005 -0.009 -0.019

To Impaired

Constant 3.121 (1.015) 3.580  (1.723) 1.186 (0.727) -1.742 (0.761) -5.805 (0.555)
Age -0.011 (0.013) -0.021 (0.022) -0.001 (0.009) 0.031  (0.009) 0.076  (0.007)
HighSchool 3.637 (0.903) 2.067 (1.930) 0.468 (0.764) -0.722 (0.785) 1.123  (0.536)
Female 1.744 (1.033) -0.769 (1.727) -0.594 (0.657) -0.005 (0.846) 0.974 (0.534)
Age x F -0.030 (0.013) 0.004  (0.022) 0.000 (0.008) -0.008 (0.010) -0.019 (0.007)
Age x HS  -0.043 (0.012) -0.022 (0.024) -0.003 (0.010) 0.008 (0.009) -0.013 (0.007)
Pr. of each I-ADL by health group
WALK 0.005 (0.000) 0.016 (0.001) 0.360 (0.005) 0.221  (0.007) 0.878  (0.005)
DRESS 0.020 (0.001) 0.041  (0.002) 0.463 (0.005) 0.262 (0.008) 0.952  (0.003)
BATH 0.004 (0.000) 0.014 (0.001) 0.334 (0.005) 0.359  (0.008) 0.973  (0.003)
EAT 0.002 (0.000) 0.007 (0.001) 0.08 (0.003) 0.182 (0.006) 0.693  (0.007)
BED 0.006  (0.000) 0.026  (0.001) 0.273 (0.004) 0.104 (0.005) 0.843  (0.006)
TOILET 0.008 (0.000) 0.024 (0.001) 0.265 (0.004) 0.089 (0.005) 0.811  (0.006)
MAP 0.012 (0.001) 0.588 (0.008) 0.178 (0.004) 0.802 (0.008) 0.822  (0.007)
PHONE 0.006 (0.000) 0.041 (0.002) 0.052 (0.002) 0.517 (0.008) 0.728  (0.007)
MONEY 0.006  (0.000) 0.063  (0.002) 0.091 (0.003) 0.792 (0.008) 0.851  (0.006)
MED 0.004 (0.000) 0.021  (0.001) 0.039 (0.002) 0.390 (0.008) 0.604 (0.007)
SHOP 0.005 (0.000) 0.041  (0.002) 0.401 (0.005) 0.830  (0.007) 0.977 (0.002)
MEAL 0.004 (0.000) 0.011 (0.001) 0.209 (0.004) 0.690 (0.009) 0.962 (0.003)

Notes: Median and standard deviation (in parenthesis) of the posterior of each parameter in the
estimation with five groups. estimates and standard errors. Each column refers to the current
health group of the individual while each of the first five panels presents the parameters of
the transition to a different health group. The last panel gathers the estimation results of the
Bernouilli process that drives I-ADLs.
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Table S.XVIII: Effective sample sizes: 4 Groups, k = 20

Variable Healthy Physically frail Mentally frail Impaired
To Healthy
Constant 1616 [ 759] 1744 [ 778] 736 [ 649] 1162 [ 271]
Age 1548 [ 790] 1859 [ 835] 691 [ 679] 1310 [ 291]
HighSchool 1621 [ 705] 1187 [ 760] 668 [ 557] 404 [ 196]
Female 1581 [ 493] 1593 [ 697] 673 [ 494] 368 [ 281]
Age x Female 1455 [ 459] 1683 [ 693] 691 [ 479] 303 [ 240]
Age x HighSchool 1548 [ 741] 1297 [ 766] 664 [ 545] 392 [ 187]
To Physically frail
Constant 1662 [ 635] 845 [ 692] 461 [ 277] 799 [ 377]
Age 1620 [ 600] 922 [ 801] 37 [ 499] 825 [ 374]
HighSchool 1656 [ 681] 881 [ 873] 327 [ 190] 653 [ 530]
Female 2061 [ 646] 1284 [ 913] 348 [ 239] 701 [ 347]
Age x Female 2049 [ 625] 1385 [ 956] 37 [ 406] 707 [ 341]
Age x HighSchool 1646 [ 649] 917 [ 979] 366 [ 195] 645 [ 518]
To Mentally frail
Constant 732 [ 314] 1070 [ 729 704 [ 579] 663 [ 226]
Age 759 [ 313] 1109 [ 781] 705 [ 595] 667 [ 213]
HighSchool 671 [ 335] 1079 [ 566] 1026 [ 661] 554 [ 413]
Female 1197 [ 617] 1006 [ 921] 1503 [ 590] 846 [ 317]
Age x Female 1277 [ 615] 1067 [ 969] 1517 [ 579] 783 [ 287]
Age x HighSchool 643 [ 332] 1081 [ 619] 1021 [ 654] 584 [ 431]
To Impaired
Constant 1807 [ 712] 1890 [ 628] 656 [ 676] 1165 [ 787]
Age 1903 [ 760] 1816 [ 650] 660 [ 696] 1160 [ 831]
HighSchool 2125 [ 741] 947 [ 682] 888 [1253] 1013 [ 602]
Female 1927 [1110] 1139 [ 735] 880 [ 692] 997 [ 897]
Age x Female 2074 [1117] 1082 [ 730] 835 [ 684] 1050 [ 949]
Age x HighSchool 2159 [ 766] 922 [ 685] 877 [1204] 1033 [ 626]
Pr. of each I-ADL by health group

WALK 4101 [2823] 4396  [2305] 6252  [3063] 3129  [1610]
DRESS 5262 [3570] 6800  [3384] 6407  [3944] 4411 [2930]
BATH 7334 [3316] 3778 [2398] 3210  [2081] 7205  [2968]
EAT 5674 [2762] 5090  [4043] 3555  [3479] 10548  [4763]
BED 8003 [2955] 6053  [3076] 8033  [3585] 3202  [2988]
TOILET 4697 [4176] 3705  [3636] 4464  [2587] 3793  [2283]
MAP 4076  [2052] 3355  [3059] 3846  [2551] 7483 [3976]
PHONE 4707 [2279] 3200  [4418] 2173 [1894] 4650  [2566]
MONEY 9949  [4002] 7162 [3245] 2794  [2583] 6937  [3658]
MED 5708 [2655] 9093  [5472] 2610  [3234] 6222  [4804]
SHOP 3328 [2362] 3807  [2089] 2396  [3113] TTTT [5751]
MEAL 5393  [3350] 9860  [1998] 3372 [2640] 4071 [2656]

Notes: We compute the effective sample size (ESS) by dividing the chain in k different subchains
and computing the average parameter in each subsample i: g;. Then, the effective sample size
equals Esn - where sg is the standard deviation of g; and sy is the standard deviation of the
parameters over the whole chain. If the model has converged the ESS should increase linearly
with the length of the chain. We include the ESS of half of the sample between square brackets.
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Table S.XIX: Effective sample sizes: 4 Groups, k = 40

Variable Healthy Physically frail Mentally frail Impaired
To Healthy
Constant 1491 [ 924] 1663 [ 767] 937 [ 568] 670 [ 236]
Age 1480 [ 937] 1787 [ 789] 896 [ 585] 730 [ 253]
HighSchool 1881 [ 782] 1363 [ 679] 767 [ 553] 481 [ 244]
Female 1103 [ 554] 1320 [ 793] 896 [ 537] 447 [ 287]
Age x Female 1045 [ 525] 1307 [ 837] 888 [ 532] 389 [ 270]
Age x HighSchool 1892 [ 809] 1388 [ 685] 779 [ 549] 487 [ 241]
To Physically frail
Constant 1040 [ 967] 1112 [1055] 410 [ 283] 1005 [ 544]
Age 997 [ 934] 1181  [1189] 66 [ 347] 989 [ 528]
HighSchool 1562 [ 791] 1250  [1081] 381 [ 265] 996 [ 704]
Female 1398 [ 556] 1633 [ 698] 358 [ 245] 851 [ 480]
Age x Female 1382 [ 522] 1679 [ 714] 66 [ 281] 844 [ 470]
Age x HighSchool 1502 [ 778] 1329  [1133] 397 [ 269] 968 [ 660]
To Mentally frail
Constant 939 [ 469] 1070 [ 713] 954 [ 574] 682 [ 327]
Age 961 [ 470] 1119 [ 732 943 [ 590] 655 [ 324]
HighSchool 750 [ 427] 984 [ 733] 1038 [ 591] 742 [ 640]
Female 1222 [ 738] 1094 [ 694] 1441 [ 600] 756 [ 443]
Age x Female 1245 [ 738] 1123 [ 685] 1403 [ 596] 695 [ 421]
Age x HighSchool 744 [ 421] 1006 [ 753] 1030 [ 606] 774 [ 667]
To Impaired
Constant 1576 [ 798] 1434 [ 934] 949 [ 799] 1472 | 888]
Age 1605 [ 843] 1414 [979] 937 [ 801] 1449 [ 923]
HighSchool 1466 [ 764] 1097 [ 742] 1027 [ 945] 1487 [ 771]
Female 1586 [ 592] 1173 [ 876] 1326 [ 769] 1405 [ 783]
Age x Female 1602 [ 610] 1149 [ 859] 1253 [ 762] 1429 [ 771]
Age x HighSchool 1450 [ 796] 1081 [ 727] 1029 [ 977 1520 [ 789
Pr. of each I-ADL by health group

WALK 4586  [3212] 4708  [1969] 5828  [2961] 3906 [2235]
DRESS 5414  [2721] 6543  [2272] 5300  [3051] 4816  [2281]
BATH 8546  [3201] 4542 [2768] 3567  [2175] 5337  [3998]
EAT 5694 [2788] 7084  [3687] 3955  [3117] 8876  [3955]
BED 7843 [2566] 4817  [2110] 7490  [4200] 3719  [2443]
TOILET 4783  [4090] 4107  [2877] 5249  [2016] 3765 [2594]
MAP 5051 [2471] 3913 [2385] 4253 [2836] 7083  [2911]
PHONE 5381 [2414] 4370  [2357] 3082  [2037] 5716  [3867]
MONEY 8617 [4346] 5531  [3403] 2953  [1629] 7841  [3224]
MED 5726 [3077] 9829  [4552] 3761  [2051] 6567  [3550]
SHOP 4404  [1975] 4384  [2333] 2766  [2072] 6115 [4007]
MEAL 5455  [3671] 5234 [2740] 3760  [1677] 5081  [2920]

Notes: We compute the effective sample size (ESS) by dividing the chain in k different subchains
and computing the average parameter in each subsample i: g;. Then, the effective sample size
equals Esn - where sg is the standard deviation of g; and sy is the standard deviation of the
parameters over the whole chain. If the model has converged the ESS should increase linearly
with the length of the chain. We include the ESS of half of the sample between square brackets.
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