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Abstract

Previous studies find a strong and positive empirical connection between health sta-
tus and the share of risky assets held in household portfolios. But is this relationship
truly causal, in the sense that households respond to changes in health by altering
their portfolio allocation, or does it simply reflect unobserved differences across house-
holds? We find that most of the variation by health is on the extensive margin of stock
ownership (rather than the marginal allocation conditional on ownership), which more
plausibly points to non-causal explanations. Moreover, we find that any link between
health and risky assets depends crucially on the econometric treatment of unobserved
heterogeneity. Once we account adequately for unobserved household differences, there
is no longer a statistically significant relationship between any of our health measures
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1 Introduction

Health considerations are often paramount in the decision-making of older households. A
sudden stroke or a cancer diagnosis can upset a household’s expectations about the fu-
ture, including longevity, the pursuit of leisure, and the likelihood of needing assisted care.
Translating these into the language of the life cycle model, health shocks in retirement can
alter horizon length, utility, and resource constraints, and thus may affect a wide range of
household economic decisions. Our study focuses on the effect of health on one key deci-
sion: how to allocate financial wealth between risky and safe assets. As discussed below,
the theoretical sign of the effect of health on portfolio choice is ambiguous, depending on
the relative sizes of potentially offsetting effects. Nonetheless, a number of recent papers
find an empirical relationship between health status and portfolio choice, with poor health
associated with a safer allocation. It is difficult to say, however, whether this relationship
is causal. Both health status and financial decisions are driven by characteristics such as
risk preference and impatience that are unobserved by the researcher, and such unobserv-
ables, if inadequately accounted for, can induce severe bias in the estimates of asset demand
equations. Our contribution is to investigate whether the connection between health and
portfolio choice is causal, or rather an artifact of unobserved heterogeneity. We conclude
that when unobserved heterogeneity is adequately accounted for, health itself does not
significantly affect portfolio choice.

Why might we expect health to affect household portfolios? Within the framework of
the life cycle model, health shocks could affect portfolios through several channels. First,
and most directly, health shocks could alter the marginal utility of consumption, and thus
households’ valuation of risk. As pointed out by Edwards (2006, forthcoming, 2007), how-
ever, health shocks could either increase or decrease the marginal utility of consumption.
A positive cross partial implies that health and consumption are complements, while a neg-
ative one implies they are substitutes. Health and consumption could be complements if
improved health allows individuals to take advantage of costly leisure activities, such as
going out to the movies, taking a trip, or going out to eat. They could be substitutes if
worsening health places a premium on spending that eases painful activities such as walk-
ing, cleaning, or making trips to the store. Depending on whether health and consumption
are complements or substitutes, changes in health status could lead to either safer or riskier
portfolios.

Second, health could affect portfolio choice through a longevity channel. While the
canonical life cycle model finds that horizon length should not affect asset allocation, Bodie,
Merton, and Samuelson (1992) show that it can, particularly when there is a sizable stream

of future income (e.g., Social Security or pension income) that can substitute for bonds



in a household’s total wealth portfolio. Intuitively, when expected annuity income is large
relative to financial wealth, fluctuations in asset returns have a comparatively smaller effect
on the marginal utility of consumption and therefore the valuation of risk in a given portfolio.
Shorter horizons reduce the present value of these income streams and therefore tend to
push households toward safer portfolio decisions.

Finally, health shocks can affect out-of-pocket medical expenses, which can in turn
have a large impact on economic decisions. French and Jones (2004) estimate a dynamic
programming model with uncertain medical expenses and find that both medical expense
shocks and the uncertainty surrounding future expenses can have a substantial effect on
consumption and saving decisions. Love and Perozek (2007) incorporate uncertain medical
expenses into a life cycle model of portfolio choice, and find that medical expense shocks can
influence optimal portfolio decisions as well: as the probability of relatively large medical
expenses goes up, households reallocate toward safer portfolios.

To summarize, there are several theoretical channels through which health could affect
portfolio allocation, but the sign of the effect depends on whether health and consumption
are complements or substitutes. If they are substitutes, a negative health shock should lead
to safer portfolios. But if they are complements, the direction depends on the relative sizes
of offsetting effects, and the theoretical prediction is ambiguous. One implication of these
considerations is that the theoretical effect of health on portfolios is more plausible on the
intensive margin—i.e., the share of financial assets held as stocks among households that
own stocks—rather than the extensive margin of stock ownership itself. For example, it
seems less likely that a negative health shock would lead to a household’s divestment of
all of its stock holdings than just a partial re-adjustment, unless the household happened
to be close to the extensive margin prior to the health shock. Even harder to imagine is
that an older household would choose to buy stocks for the first time after an improvement
in a health condition. As a result, one must carefully consider the role of other factors,
including unobservable factors affecting the perceived costs and benefits of stock ownership,
when explaining variation across the extensive margin of stock holding.*

A number of recent empirical studies have examined the relationship between health
status and portfolio choice on the extensive and intensive margins. Rosen and Wu (2004),
using the first four waves of the Health and Retirement Study (HRS), estimate that being
in poor health is associated with a reduction in the probability of owning any stocks or
mutual funds of about 1.7 percentage points. Incorporating the intensive margin via a

random-effects Tobit estimator, they find an overall negative effect of health on stock shares

!For example, Vissing-Jorgensen (2002) shows that small fixed costs of stock ownership can explain the
large amount of non-participation that we see empirically. Hong, Kubik, and Stein (2004) develop a model
in which social interactions affect participation costs and thus stock ownership, while Brown, Ivkovic, Smith,
and Weisbenner (forthcoming) provide empirical evidence of social or community effects on stock ownership.



of about two percentage points, suggesting that much of the effect is occurring on the
extensive margin. Using a Heckman-type selection model, Christelis, Jappelli, and Padula
(2005) find small negative and statistically significant correlations between poor health and
both stock ownership and stock shares in a cross-sectional data-set covering ten major
European countries. Edwards (forthcoming) employs a Tobit model similar to Rosen and
Wu (2004) and finds a negative effect of poor health on the stock share of assets in the first
two waves of the Aging and Health Dynamics (AHEAD) survey.

These papers establish a correlation between poor health and lower stock holding, but
they do not fully resolve whether the relationship is due to causality or unobserved het-
erogeneity. That is, does poor health directly cause a reduction in stock holding, or are
unobserved factors correlated with poor health also correlated with lower stock holding? A
standard random effects probit or Tobit model (as in Rosen and Wu, 2004) does not ade-
quately account for unobserved factors if the unobserved random effect is correlated with
observed variables—a situation that is likely to obtain in this case (in which unobserved
effects include preference parameters such as attitudes toward risk).

A few recent papers have shed some light on the difference between causal effects and
unobserved heterogeneity. Berkowitz and Qiu (2006), using the first six waves of the HRS,
find that the effect of health on portfolio allocation operates through its effect on financial
wealth, and that no further effect is evident after conditioning on differences in financial
wealth. Using the first six waves of the HRS to perform “event studies” of health changes,
Coile and Milligan (2006) find a small but statistically significant negative effect of a chronic
health shock on the probability of holding IRAs or stocks, though no effect on the marginal
share.

Our goal in this paper is to try to distinguish between a causal effect of health on
portfolios and mere correlation attributable to unobserved individual effects. We begin by
looking at the effects of health changes on portfolio changes in a descriptive setting. The
broad patterns indicate that poor health is associated with lower rates of stock ownership
but little difference in stock allocations conditional on stock ownership. The next step in
our analysis replicates previous studies by performing random effect probit regressions on
stock ownership and Tobit regressions on asset allocation. In line with previous findings,
these estimates indicate a negative relationship between poor health and stock holding. The
magnitudes and statistical significance of these results are similar to those in Rosen and
Wu (2004), and as such provide a reasonable baseline for our regressions that account more
carefully for unobserved heterogeneity.

We address unobserved effects using two different specifications: a correlated random
effects approach and a fixed effects estimator. The correlated random effects approach al-

lows unobserved effects to be linearly related to the covariates in the regression. Explicitly



including this relationship in a random effects regression allows us to account for potential
correlations between unobserved factors and observed characteristics. The fixed effects ap-
proach allows us to difference out time-invariant sources of individual heterogeneity, making
it possible to focus on the effect of health changes on portfolio changes—an effect that is
more likely to suggest a causal relationship.

Each of these techniques has drawbacks, which we discuss below, but both generate
the same result: the link between portfolio choice and health is no longer evident once we
account adequately for unobserved factors. When we examine coefficient estimates from the
correlated random effects models of stock participation and allocation, for instance, we no
longer see a statistically significant impact of health on portfolio choice. We do, however,
find ample evidence of at least a linear relationship between the unobserved effects and our
independent variables. In the fixed effects specifications, we again find no evidence that
changes in health status induce households to either adjust their portfolios or enter or exit
the stock market. We interpret these results as suggesting that current sources of data do
not provide evidence of a strong causal relationship between health and asset allocation.

The rest of the paper proceeds as follows: Section 2 discusses the data, Section 3 provides
some descriptive analysis of the relationship between health shocks and portfolios, Section
4 lays out our estimation strategy, Section 5 presents the estimation results, and Section 6

concludes.

2 Data

We use the 1998 through 2004 waves of the Health and Retirement Study (HRS). While
several previous papers have followed the initial 1992 cohort of the HRS (see Berkowitz
and Qiu, 2006; Coile and Milligan, 2006; Rosen and Wu, 2004), we begin with the 1998
wave because it is the first to represent all cohorts aged 51 and over, rather than just the
initial HRS cohort of households aged 51-61 in 1992. Our sample is therefore older, on
average, and more representative of aged households than samples drawn from the initial
1992 cohort. We restrict our analysis to households aged 65 or older in 1998, in order to
focus our attention on households generally in the retirement phase of their lifetimes.?

Including younger households in our sample would introduce either sample selection bias

2The cohorts included in the 1998 data are the War Baby cohort (aged 51-56 in 1998), the HRS cohort
(57-67), the Children of the Depression cohort (68-74), and the Aging and Health Dynamics cohort (75 and
older). Our age restriction cuts out the War Baby cohort and much of the initial HRS cohort. The obvious
downside of beginning in 1998 is that the panel is shorter (four waves rather than seven), but in this case
we decided it was more valuable to represent the full age distribution than to have a longer panel. As a
check to see whether our results are partly a function of our age criterion, we reran all of our regressions
with a sample of households aged 51 and older. We found little change in the precision or magnitude of our
coefficient estimates.



or measurement error. If we conditioned on retirement status, but included the 50- to 60-
year-olds, sample selection bias would arise to the extent that poor health motivated earlier
retirements. In that case, our sample of younger retirees would tend to be less healthy than
the general population. We could, of course, handle the sample selection issue by including
both workers and retirees, but this would exacerbate measurement error for at least two
reasons. The first involves the accuracy of self-reported wealth variables. Since our data
contain self-reported measures for Social Security and pension income, measurement error
is likely to be more of a problem for pre-retirement households who have yet to receive
regular payments from these sources. Second, including younger households also requires
making strong assumptions about the timing of retirement and the amount of future labor
earnings, assumptions which would tend to amplify the amount of measurement error. In
the end, we preferred to work with an older sample because it controls for the present value
of wages, allows for better measurement of Social Security and pensions, and avoids the
potential endogeneity of the retirement decision.

Our data set supplements the RAND HRS mainfile, a longitudinal file of commonly-used
HRS variables, with variables taken from the RAND “fat files,” which contain nearly all
of the unrestricted variables in the original survey. In addition to linking the households
to construct a longitudinal file, the mainfile also provides consistent imputations of missing
variables. Where possible, we pursue a similar imputation strategy for variables taken
from the fat files. We supplement the RAND HRS data with our own calculations of
the actuarial present value of expected flows from Social Security, defined-benefit pensions,
annuities, life insurance, and transfer payments such as veterans’ benefits, Food Stamps, and
Supplemental Security Income. These calculations provide measures of annuitized wealth
that are often excluded from empirical analyses of portfolio and saving behavior.?

Table 1 provides a few demographic statistics for our sample. About three-quarters
of single households are women (often widowed), with an average age of about 77 years.*
Couples are about five years younger than singles, on average. Singles are also more likely
to be nonwhite and to have an additional household member present.

Table 2 shows that couples report substantially greater wealth than singles in all cate-
gories. In this table, we pool all observations across the four waves, and report the totals in
2004 dollars. Net financial wealth, including checking, saving and money-market accounts,
CDs, stocks, bonds, mutual funds, and trusts, net of non-mortgage debts, averages about
$100,000 for singles and about $167,000 for couples. The average value of retirement ac-

counts, including IRAs and defined-contribution pension plans, are more than three times

3The actuarial present value calculation discounts future streams of income by the probability of death
as well as a time discount factor. See Love, Smith, and McNair (2007) for details on the construction of the
annuitized wealth variables.

“This is about 18 years older than the average single household reported in Rosen and Wu (2004).



larger for couples than singles, a disparity which probably reflects a combination of cohort
effects (such accounts are more prevalent among younger households) and the tendency for
couples to have more of all types of wealth. The table shows that couples have about twice
as much nonfinancial wealth, which consists mostly housing but also includes the value of
businesses and vehicles. Couples also have substantially more annuitized wealth, which does
not include Social Security in our analysis. We treat Social Security as a separate variable
because, unlike other forms of annuitized wealth, it is a direct function of lifetime earnings
and thus provides a measure of permanent income that is of interest apart from its value
as an annuity.” Our measure of comprehensive wealth, which is the total of the categories

listed above, averages about $435,000 for single households and about $923,000 for couples.

2.1 Stock Share of Financial Assets

To simplify and focus our analysis of portfolio allocation, we choose a single dependent
variable of interest, which is the share of total financial assets allocated to stocks. To
construct this, we sum up the value of directly held stocks and stocks held in mutual funds,
trusts, and retirement accounts, and divide by the total of financial assets and retirement
accounts.’

The HRS asks respondents directly about the value of stock shares held by themselves,
in mutual funds, and in trusts, but it does not ask directly for the value of stocks held
in retirement accounts. Rather, for both IRAs and DC plans, the survey asks “Is the
money in this account invested mostly in stocks, mostly in interest-earning assets, is it
about evenly split between these, or what?”” We coded these responses as follows: if a
household reported “mostly or all stocks,” we allocated the entire account to stocks. If a

)

household reported “mostly or all interest-earning,” we allocated all of the account to non-
stock investments. For all other responses, we divided the account evenly between stocks and
non-stock investments. We chose these “extreme value” rules to allow for corner solutions.
For example, we know that some households hold zero stocks in their retirement accounts,

and an alternative rule allocating, say 10% of “mostly or all interest-earning” accounts to

®As described in Love, Smith, and McNair (2007), our calculation of Social Security wealth factors in the
treatment of survivor benefits in the Social Security formula (e.g., survivors receive the larger of their own
or their spouse’s benefit).

5While some previous studies have treated stocks in retirement accounts as separate assets, we combine all
stocks because we want to focus on a single comprehensive measure of portfolio allocation for the household.
We decided that the special tax treatment afforded retirement accounts is not of primary importance for
our question of how overall stock allocations correlate with health. And given the age of our sample, there
is no significant difference in liquidity between stocks inside and outside retirement accounts.

"As an illustration of the distribution of responses, about a third of IRA holders in 1998 responded
“mostly or all stocks,” about 28% said “mostly or all interest-earning,” and about 39% reported either
“evenly split” or no response.



stocks would imply that all retirement-account holders were automatically stockholders.®
The lower part of Table 2 provides information on the portfolio allocations of our sample
households, using the rules described above. Nearly all households hold some safe assets
(defined here as any non-stock financial asset). About 29% of singles and 43% of couples
own some shares of stock either directly or through mutual funds or trusts. About 29%
of singles and 57% of couples own retirement accounts (though not all of these hold any
stocks). All told, about 45% of singles and 69% of couples hold any stocks. The average

stock share of total financial assets is about 21% for singles and 32% for couples.

2.2 Health Measures

We use three measures to capture respondents’ current health status: self-reported health
status, the number of diagnosed conditions, and out-of-pocket medical expenses. While
obviously related, we include these measures separately to account for three different di-
mensions of health: a subjective measure of how individuals perceive their own health, an
objective measure of actual illnesses diagnosed by a doctor, and the financial impact of
health status. Medical expenses are different from the other two measures in that they are
more endogenous—they are likely to reflect a household’s propensity to spend on discre-
tionary medical care as well as underlying health status. We include them because they are
an important theoretical channel of causal health effects, but their potential endogeneity
highlights the importance of accounting adequately for unobserved preference and attitudi-
nal differences across households.

Medical expenses can also induce a “mechanical” effect of health shocks on portfolios—
if a health shock results in a non-discretionary medical expense, the way the expense is
financed could affect the portfolio even in the absence of behavioral adjustments. For ex-
ample, if the expense is financed out of liquid assets, stock shares might rise mechanically,
while if the expense is financed by selling stock, stock shares could fall. Theoretically, house-
holds would finance non-discretionary expenses in a way that would maintain their optimal
portfolio shares, but short-term liquidity or adjustment costs might result in mechanical
effects. Such effects would add to the theoretical ambiguity of the effect of health shocks
on portfolios.

Respondents can describe their current health status as “excellent,” “very good,” “good,”
“fair” or “poor.” To simplify the analysis, we collapse these into three categories: a “best”
category of excellent or very good, a “medium” category of good, and a “worst” category of

fair or poor. As shown in Table 3, singles are roughly evenly distributed across these three

8Note that this allocation question is on an account-level basis, so a household could report some accounts
with zero stock exposure and some with positive stock exposure. The main regression results of interest (the
Tobit results) are not at all sensitive to our allocation rules; the probit results, not surprisingly, are a bit
more sensitive, though not with respect to the health variables, which are our main variables of interest.



categories, while couples are about 8 percentage points more likely to report themselves in
the best health category and 7 percentage less likely to be in the worst health category.’

The number of diagnosed conditions reports how many of the following serious illnesses
have been diagnosed by a doctor: high blood pressure, diabetes, cancer, lung disease, heart
problems, stroke, psychiatric problems, and arthritis. Thus, the number of diagnoses can
range between zero and eight. As shown in Table 3, about a third of singles report no
diagnosed conditions, nearly half report one to three, and about 18% report four or more.
Again, couples (who are five years younger, on average) appear healthier: they are about 5
to 8 percentage points more likely to report no conditions, and about 5 percentage points
less likely to report four or more.'9

Out of pocket (OOP) medical expenses include uninsured costs over the previous two
years related to the following: doctor visits, outpatient surgery, hospital and nursing home
stays, prescription drugs, home health care, and special medical facilities or services. As is
well-known, the cross-sectional distribution of medical expenses is characterized by a very
long upper tail (see e.g., French and Jones, 2004). We therefore report percentiles of OOP
expenses rather than means. The importance of considering the entire distribution can be
seen in Table 3, which shows that while median OOP expenses are about $1,300 over a two-
year period, the 90th percentile is about $7,300 and the 99th percentile is about $38,000 for
singles. In our regression specifications, we group respondents into three categories defined
by the 33rd and 67th percentiles of the distribution of OOP expenses (calculated separately

for single and married households).

2.3 Controls

In our empirical analysis, we regress stock holding and asset allocation on our health mea-
sures and other covariates. Our controls include wealth, age, sex, education, race, and other
household demographics. We control separately for financial wealth, nonfinancial wealth,
Social Security wealth, and other annuitized wealth.'! We also allow for an interaction
between health status and financial wealth, to test whether health status has differential
effects on portfolio allocation for high-wealth vs. low-wealth households.

Finally, we condition on two expectation measures that could affect portfolio allocation.

The first is a subjective probability that the household will leave a bequest of at least

9Rosen and Wu (2004) estimate the impact of a health status variable defined as “fair” to “poor,” omitting
the other categories. As a robustness check, we also estimate our models with the health status variable
used in Rosen and Wu, and we find no statistically significant changes in our estimates.

'"We have repeated our analysis using an indicator for the “worst” conditions, which we arbitrarily defined
as cancer, lung disease, and heart problems, and found substantially similar results.

"Berkowitz and Qiu (2006) find that health changes affect financial wealth more than nonfinancial wealth,
and that the effect of health on portfolio choice seems to disappear when differences in financial wealth are
controlled for.



$100,000 to heirs. We divide respondents into three bins: a “low probability” group that
indicates a subjective probability of less than 20%, a “medium probability” group that
indicates a 20%—80% chance, and a “high probability” group that corresponds to responses
greater than 80%. Table 4 shows that about 54% of singles report a low probability of
leaving a bequest, 15% report a medium probability and 31% report a high probability.
Couples are more likely to report a good chance of a bequest, with about a third reporting
a low probability and just under half reporting a high probability.

The second expectation measure is the subjective probability of living about ten more
years.!? Rather than use this response directly, we take the ratio of the self-reported
probability to the probability implied by that year’s life table for a person of the respondent’s
age and sex. This ratio provides a measure of whether the respondent is more optimistic,
less optimistic, or about in line with the life table. We arbitrarily define a ratio of between
75% and 125% of the life table to be “in line” with the life table, and responses outside
that band to be either more or less optimistic. Table 4 shows that about 27% of singles are
more pessimistic than the life table about their survival probabilities, while a quarter are
in line with the life table and just under a half are more optimistic. Couples are slightly

more likely to be in line with the life table and slightly less likely to be more optimistic.

3 Descriptive Analysis

The left-hand columns of Table 5 show average portfolio allocations by our various health
measures. There is clearly a positive correlation between health and stock allocation. Sin-
gles in the top self-rated health group have about 10% more of their financial portfolios
allocated to stock, on average, than singles in the bottom health group, while for couples,
the difference is about 13 percentage points. A similar result holds when looking at diag-
nosed conditions. When we move to out-of-pocket expenses, however, we see a different
pattern: households in the middle third allocate about 6 or 7 percentage points more to
stock than the lower group, and there is little difference between the middle and upper OOP
groups. The difference between the OOP pattern and the other health measures suggests
that OOP may measure something quite different from health status: perhaps the ability
or willingness to pay for medical care, or a preference for a greater amount or higher quality
care. Alternatively, as discussed above, it could represent a mechanical effect in which high
expenses are financed out of liquid (non-stock) assets, driving up the portfolio shares.

One question that arises from these results is whether the difference in portfolio alloca-

tion by health is coming from the extensive or intensive margins (or both)—that is, whether

2The question is “What is the percent chance that you will live to be (80/85/90,/95/100) or more?” where
the age asked about depends on the age of the respondent. For respondents under 70, the reference age is
80, for those 70 to 74, the reference age is 85, and so on.
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sicker households are less likely to own any stocks, and/or less likely to hold smaller stock
shares conditional on owning any. The right-hand columns of the table show that there is
a large difference on the extensive margin: households in the lowest self-rated health group
are about 20 percentage points less likely to hold any stocks than those in the highest group.
On the other hand, there is little variation on the intensive margin: conditional on owning
any stocks, the average share allocated to equities is between 45% and 50% for all health
groups and marital status groups (not shown for brevity). This result suggests that the
association between health and portfolio allocation could have more to do with factors that
explain why some households don’t hold any stock than factors that influence the amount
of stock held on the margin.

This observation leads us to the central question of our paper: is the difference in
portfolio allocation by health status causal or explained by other correlated (and potentially
unobserved) factors? In the next section, we will address this question econometrically. But
first, we can gain some insight by examining the simple correlation between health changes
and portfolio changes. If the relationship between health and stock allocation is truly causal,
then one would expect changes in health status to be accompanied, or followed, by changes
in portfolio allocation.

Table 6 shows that, among singles, there does appear to be a small negative correlation
between worsening health and changes in stock allocation, on the order of about three
percentage points. However, this effect is not at all precisely estimated: the standard errors
are on the order of 0.25 to 0.3 for all table entries. In addition, the same pattern is not
evident among married couples. Finally, this exercise does not control for age: if stock
allocations decline with age and households with worsening health are older than those
with stable health, the negative correlation could be an age effect rather than a health
effect.

Figure 1 explores the role played by age by plotting age profiles of stock allocation. These
profiles are estimated by tracing out the average stock allocation held by various cohorts
over the length of the panel. Each cohort’s segment has four points, representing the four
waves of the panel. Connecting the segments combines the cross-sectional and longitudinal
variation to form a long pseudo-panel that traces out a “life-cycle” from age 60 to age 90.
The upper panel of the figure, which plots the age profile for all households in the sample,
shows a slight negative tilt to the age profile, suggesting that households reduce their stock
exposure as they age. However, our method of constructing the profile cannot distinguish
between a true age effect and a cohort effect. Consistent with Table 5, the middle panel
shows that healthier households have significantly higher stock allocations, at least until
later ages. However, the bottom panel shows that there is no obvious relationship between

health changes and portfolio changes, conditional on age.
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4 Estimation Strategy

4.1 Econometric Models

Next, we estimate equations for stock ownership and stock share of assets using three
different methods: a standard random effects specification, a Chamberlain-type correlated
random effects approach, and a fixed effects estimator. We begin with a specification very
similar to those used in earlier studies, and then apply different techniques for accounting
for unobserved heterogeneity to test the robustness of the relationship between health and
portfolio choice.'3

As discussed above, poor health might affect the demand for risky assets through two
channels: ownership, or the decision whether to hold any amount of risky assets, and
allocation, or the marginal holding of risky assets conditional on ownership. Previous studies
suggest that health operates on the extensive margin, and may also operate on the intensive
margin. But the question remains: is the link causal or coincidental?

Earlier studies use cross-sectional regressions, pooled regressions, or random effects pro-
bit /Tobit specifications. These techniques break down in the presence of unobserved house-
hold differences that may be correlated with observed characteristics. For example, suppose
that key determinants of stock ownership include financial sophistication and attitudes to-
ward risk. These factors are unobserved, though likely to be correlated with observed
characteristics such as age, education and financial wealth, as well as health status. De-
pending on the sign of the correlation, a cross-sectional or pooled regression would either
exaggerate or attenuate the effect of the observable on stock ownership. Even the random
effects regression would have this problem, because the consistency of the standard random
effects estimator requires that the random effect be uncorrelated with observables.

Examples of unobserved factors that might be correlated with both portfolio choice
and our health measures include risk aversion, expected longevity, impatience, information
networks, and family values regarding health and finances. We include proxies for some
of these variables in our analysis, but this provides, at best, an imperfect characterization
of the unobserved effects. Without properly accounting for unobserved heterogeneity, our
estimates will be inconsistent, and it is nearly impossible to say whether worsening health
causes a decline in the share of risky assets or is merely correlated through unobserved
factors.

Our empirical approach exploits the panel nature of the data to account for unobserved
household effects that might influence both portfolio choice as well as some of our explana-

tory variables. Following earlier studies, we first estimate binary response models (probits

13Wooldridge (2002) discusses the advantages and disadvantages of the various models we estimate in this
paper.
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and logits) to identify the effect of health on the extensive margin, i.e., the decision to hold
any risky assets. We then estimate censored regression models to uncover the link between

health and the marginal stock allocation.

4.1.1 Random Effects Probits and Tobits

We begin by following the literature and estimating a standard random effects probit model
for stock ownership and random effects Tobit model for marginal allocation. Underlying all

of the specifications is a latent variable model of the form:
Yir = XitB + ¢ + it (1)

where x;; is a vector of exogenous explanatory variables, ¢; is an unobserved, time-invariant,
individual-specific effect, and u;; is an idiosyncratic error. In the participation equations, the
dependent variable y;; is an indicator for holding positive amounts of risky assets, such that
yit = 1 if yj; > 0. In the stock-share regressions, y;; represents the desired portfolio share,
but the observed risky asset shares lie between 0 and 1, so that y;; = max{0, min{y};, 1}}.
It can be seen from the specification above that failing to account for unobserved effects
will generally lead to biased coefficient estimates unless the omitted variables are perfectly
uncorrelated with any of the independent variables in the regression. The bias comes from
a violation of the orthogonality assumption applied to the composite error in the latent
variable model above. In a pooled regression, E(x'it|(¢; + u;)) will generally be nonzero
if the unobserved factor ¢; is correlated with the observables x’;;. The standard random
effects models obtain coefficient estimates by integrating the unobserved factor ¢; out of
the likelihood function. However, consistency requires that E(c; | x;1, ..., x;7) = E(¢;) =0,
which is violated whenever there is correlation between ¢; and any of the x;;’s. That is, the
random effects estimator is only consistent in the special case that the unobserved effect
is uncorrelated with the observables—unlikely in this context, because some of the key
parameters in the life cycle model, such as risk preference, impatience, and longevity are
unobserved and likely to be correlated with education, wealth, and other observables. To
some extent, we can control for these factors by including proxy variables, such as subjective
survival probabilities, but these are at best imperfectly measured, and the omitted variables
problem remains. A more promising approach would be to attempt to account for the
correlation between the unobserved random effect and the observables, or better yet, to

difference out the individual effects via a fixed-effects strategy.
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4.1.2 Correlated Random Effects Probits and Tobits

Next we attempt to account for the correlation between unobserved and observed variables.
If we are willing to impose an additional assumption that the unobserved effects are linearly
related to the independent variables, we can estimate a correlated random effects regression
in the spirit of Chamberlain (1984).'* The correlated random effects approach assumes that

the individual effect ¢; can be written a linear function of the explanatory variables:
G =V +XA+ a4, a; ’ X ~ N(O,Ug),

where the vector X; contains the means of the time-varying regressors, ¥ is a constant, and
a; is the independent portion of the individual effect.'® The idiosyncratic error term u;; in
equation (1) is assumed to be normally distributed, conditional on x; and ¢;.

This approach accounts for the correlation between unobserved and observed variables,
reducing the omitted variable problem. In our context, if health is correlated with stock
ownership in the correlated random effects specification, then we have a bit more evidence
that the correlation is indicative of a causal effect rather than spurious correlation. However,
this approach assumes a linear relationship between unobservables and observables, as well
as normally distributed errors. If these conditions do not hold, our omitted variable problem
remains. Thus, our final specification attempts to difference out individual effects altogether

using a fixed effect approach.

4.1.3 Conditional Fixed Effect Logit and Censoring Models

In general, fixed effect differencing cannot be applied to nonlinear models such as ours,
because differencing would not remove the individual effect. However, Chamberlain (1980)
showed that, in the binary choice case, a logit specification in which the likelihood function
is conditioned on the number of observations with y;; = 1 can be constructed in a way that
effectively removes unobserved heterogeneity from the choice probabilities. This estimator,
called the conditional fixed effect logit estimator, can be used to obtain fixed effect estimates
from longitudinal binary choice data, such as stock ownership.

In the continuous case, until recently, there was no estimator that could handle a fixed
effect specification in the presence of two-sided censoring. However, a new semi-parametric
estimator developed by Honoré and Leth-Petersen (2006),which generalizes the one-sided

least absolute deviation estimator in Honoré (1992) to handle the case of two-sided cen-

MFor recent applications of this model to portfolio choice, see Bakija (2004) and van Soest and Kapetyn
(2006).

15 An alternative specification would allow ¢; to depend on the time-varying x;;’s, rather than just their
means. The motivation for our specification is that it economizes on degrees of freedom.
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soring, allows us to apply a fixed effects estimator to the marginal allocation problem.'6
Relative to the correlated random effects Tobit, Honoré’s method imposes minimal structure
on the error process while still accounting for correlated, unobserved heterogeneity. The
estimator assumes that the error terms are identically, but not necessarily symmetrically,
distributed.'”

The main strength of the resulting estimator is that it produces consistent estimates of
a fixed effect Tobit-type model, and it does so with minimal restrictions on the distribution
of the error term (e.g., it need not be normal). A disadvantage of this technique, however,
is that it cannot be used to compute the marginal effects in the censored regressions. The
marginal effects typically depend on both the estimated parameters as well as the unob-
served fixed effects, but the semi-parametric estimator strips these away and estimates the
coefficients using only time variation in the regressors. Thus, we estimate our model using
the semi-parametric fixed effects specification as a test of the robustness of the relationship

between health and portfolio allocation.'®

4.2 Specifications

In addition to accounting for unobserved heterogeneity, we want to allow for the possibility
that health influences both the intensive and extensive margins of stock allocation. We
consider ownership separately because many of the households in our sample hold no stock,
and hence a significant share of the sample is censored at zero.'® A popular method for
dealing with censored data is to use a Tobit specification, which models both the probability
of limit observations and the value of non-limit observations in the same log-likelihood
function. The method imposes, however, some particularly strong assumptions, the most
restrictive of which is that the probability of selection (e.g., stock ownership) depends on

the same variables, and in the same way, as the non-limit outcomes (e.g., marginal stock

16For recent applications of this estimator to models of portfolio choice, see Alan and Leth-Petersen
(2006) and Hochguertel (2003). Hochguertel uses a one-sided FE Tobit to study the effects of precautionary
behavior on portfolio choice, and Alan and Leth-Peterson use the two-side model to estimate the importance
of marginal tax rates. As far as we know, we are the first to apply the method to analyze the effects of
health on portfolio decisions.

"The intuition behind the technique is relatively straightforward. Define the composite error €;; = ¢;+u;t.
Censoring at 0 and 1 implies that the distribution of ¢;; will differ from the distribution of y;: — x;:3 only in
that yit — X, is censored at —x;:3 and 1 —x;¢3. There is no guarantee that if we select another time period
s # t that the distributions of y;+ — x;:8 and y;s — X;s3 will be the same. But if we trim the left portion of
the distribution at max(—x:+(, —xis3) and the right portion of the distribution at min(l — x;:3, 1 — x:s03),
we will produce re-censored residuals that must be orthogonal to x;: and x;s. Honoré and Leth-Peterson’s
basic insight is that we can use these orthogonality conditions as moments to identify the parameter vector

18We implement Honoré’s two-sided LAD estimator using Gauss code available at the author’s website:

http://www.princeton.edu/ honore/programs/2side.
19The sample is censored at one also, but this is much less common in the data.
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allocation).2’

Because the effects of health on participation and allocation could very well be different,
our analysis proceeds in two steps. In the first, we examine stock ownership independently
of allocation, modeling the ownership decision as a binary outcome (while still accounting
for unobserved heterogeneity). Following the discussion above, we begin with a standard
random effect probit, then move to a correlated random effect probit specification, and then
finally the conditional fixed effect logit model. In the second section, we consider the joint
determination of allocation and participation, beginning with a standard random effects
Tobit model, then moving to correlated random effects Tobit specifications, and finally
Honoré’s fixed effects censored regression model.?!

In the ownership regressions, the dependent variable is an indicator for holding any
stock, whether directly or indirectly through mutual funds, trust, or retirement accounts.
In the marginal allocation regressions, the dependent variable is the share of risky assets
measured as the fraction of stocks held both inside and outside retirement accounts over
total financial assets (see Section 2.1 for details). All of our regressions are unweighted,
and the sample is restricted to individuals 65 or older with financial assets between $0 and
$3 million. The regressions include indicator variables for health status, diagnosed medical
conditions, out-of-pocket medical costs, subjective life expectancy and expected bequests,
in addition to interactions between health and financial wealth.

We report two models for each case, one using a single measure of health (the self-
reported health status, as used in previous studies), and one using the full set of health
measures, including diagnosed conditions and OOP expenses. We report these models
separately because the various health measures are likely to be correlated (particularly the
self-report and the number of conditions), and we do not want our conclusions to be driven
by the resulting reduction in the precision of the estimates. Many of our covariates, such
as financial wealth, non-financial wealth, age, race, education, and family size, are standard
following Rosen and Wu (2004) and others, but we also include some unique measures of

the lifetime resources and value of annuitized income. In particular, we include the present

20Ideally, we would like to account for unobservable heterogeneity at the same time as selection into stock
holding. The estimator proposed by Kyriazidou (1997), essentially a panel-version of Heckman’s (1979) two-
step method, suits this purpose nicely. This estimator, however, is identified by observations which move
across the extensive margin over time (e.g., go from zero to positive stock holding or vice versa), which is a
small and select group in our case. In addition, when we implemented the estimator, we found that it was
quite sensitive to assumptions about the bandwidth constant on the kernel function, so that different values
would generate very different estimates. In light of these problems, we decided to restrict our attention to
binary-choice models for selection and Tobit-type models for allocation.

210ne consequence of modeling the stock ownership and portfolio allocation decisions separately is that
there is not an obvious bridge from one set of results to the other. In general, we cannot combine the probit
and logit results with the Tobit estimates to make statements about allocation conditional on selection.
Indeed, as noted above, the Tobit model makes its own assumptions about the process governing selection:
namely, that it is the same as the process determining non-limit observations.

16



discounted value of Social Security income, which should be highly correlated with lifetime
earnings up to a limit, and the present discounted value of defined benefit pensions and other

annuity income, which also acts as a bond-like safe asset in the total household portfolio.??

5 Estimation Results

5.1 Stock Ownership
5.1.1 Random Effects Probit

As a baseline of comparison with previous studies, we begin by presenting estimates from
a random effects probit regression of stock ownership on health and other household char-
acteristics. The left-hand panel of Table 7 reports the random effects estimates for sin-
gle households in our sample.?> Financial wealth, social security wealth and education
are all strongly and positively associated with stock ownership, consistent with financial
and/or informational barriers to entry in asset markets. We observe a declining age pro-
file in stock ownership, which could be picking up either a cohort effect or a life-cycle
effect. Households expecting to leave a bequest are much more likely to own stock. We
find a negative relationship between expected longevity (relative to the life tables) and
stock participation—evidence, perhaps, that the most optimistic respondents may be less
informed or sophisticated than those whose expectations are in line with the life tables.
The results from both specifications—that with just self-reported health and that with
the full set of health variables—suggest that bad health is strongly and significantly related
to stock ownership. We estimate the marginal effect of bad self-reported health to be
about negative 12.5 percentage points, relative to the omitted category of “excellent or very
good” health.?* Results for the number of health conditions are similar. Higher out-of-
pocket medical expenses, on the other hand, are associated with higher probabilities of stock
ownership—consistent with our descriptive evidence that suggested OOP expenses might
have discretionary or “luxury good” aspects. The effect of being in “medium” health is not
statistically significant in the long regression (though it is in the short regression), but the
interaction term with financial wealth shows that higher-financial-wealth households have a
stronger negative effect of being in “medium” (relative to the best category of “excellent or
very good”) health than lower-financial-wealth households. The interaction term between

bad health and financial wealth is not statistically significant.

22The construction of the present value wealth variables is described in detail in Love, Smith, and McNair
(2007).

23The estimates for couples, shown in Table 8 are generally similar to those for singles, but with smaller
coefficients and marginal effects. For brevity, we will not separately discuss the results for couples.

24Marginal effects are not presented in the tables to conserve space, but they are generally about a third
the size of the coefficient.
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The random effects probit estimates suggest a strong link between health and stock
ownership, as in Rosen and Wu (2004).2° The question, though, is whether this finding
represents a true causal relationship, or rather bias due to unobserved heterogeneity. One
reason to suspect that it is not necessarily causal is given by Rosen and Wu’s explanation
for their empirical findings. Building on the logic in Bodie, Merton, and Samuelson (1992),
they argue that sick households are less able to absorb low asset returns by adjusting labor
supply and therefore tend to shift toward safer portfolio allocations. But this cannot be the
entire story, because we find very similar results for a sample of retired households who can
no longer avail themselves of a labor supply channel. Either another channel is at work, or
the empirical findings are picking up the effects of omitted variables. One way to get at
this question is to assume that the unobserved effects are linearly related to the regressors

and estimate a correlated random effects probit.

5.1.2 Correlated Random Effects Probit

The middle panel of Table 7 reports the results for the correlated random effects specification
for singles. The upper set of results displays the slope coefficients on the regressors—the
0 coeflicients. The lower set of results—the A coefficients—shows the correlations between
the unobservables and our independent variables. The estimates confirm the importance
of accounting adequately for unobserved effects. Health variables that were previously
important in both magnitude and significance now have a statistically insignificant effect
on the probability of stock ownership. Estimates of self-reported health, out-of-pocket
expenses, and the number of health conditions are all insignificant with marginal effects
close to zero.

While health appears insignificant in the 3 coefficient estimates, the estimates of the A
coefficients suggest that it is strongly related to the unobserved variables. Since the A coef-
ficients are essentially identified off of differences in characteristics across household units,
we can interpret the significance of the A coefficients, and in particular, the A coefficients
on the health variables, as evidence that differences in stock ownership and health can be
explained by unobserved variables, such as risk and time preference. After all, the decision
to take an active part in the stock market could in many ways resemble the decision to
regularly visit a doctor, get a colonoscopy, and so forth. Some people, perhaps, do these
things as a matter of course, while others require stronger incentives. The A coefficients
may therefore indicate a violation of one of the key assumptions in the standard random
effects specification—the independence of ¢; and the x;;’s.

Another interpretation of the A coefficients is that health matters for portfolio choice,

2®We find larger marginal effects, in part, perhaps, because our omitted variable is “excellent or very
good” while theirs also includes households in “good” health.

18



but that the effect is not contemporaneous with the change in health status. Suppose,
for example, that bad health is predictable and that households adjust their portfolio al-
locations the moment they learn something new about their expected health status. In
this case, even though an expected change in health may not occur for several years in
the future, the household adjusts its portfolio immediately. Health and portfolio choice
may therefore be linked across households, even though we do not observe a relationship
between changes in these variables within households. The correlation across households
occurs because individuals currently in poor (or good) health may have adjusted their port-
folios the moment—potentially years in the past—that they learned of their expected health
outcomes. This gap in timing between expectations of health and realized health shocks
then explains why we do not observe a correlation between changes in health and changes in
portfolios; the realization of a health shock may actually be old news to which the household

has already responded.

5.1.3 Conditional Fixed Effects Logit

The right-hand panel of Table 7 shows the results from the conditional fixed effects logit
specification. None of the health variables in these regressions are statistically significant
at the 10 percent level, and several of them actually flip signs. As with all fixed effects
estimators, the panel version of the logit has the disadvantage that it only includes ex-
planatory variables that vary within a household over time. A direct implication of this
is that we are unable to estimate the slope coefficients of potentially interesting variables
such as education, race, and gender. Another drawback associated with the fixed effects
estimator is its tendency to exacerbate the effects of measurement error, particular if there
is comparatively limited “within” variation (Bound, Brown, and Mathiowetz, 2001). In our
case, the effect of health on ownership is identified by changes in health and stock ownership
over our 8-year sample period. If a large fraction of the changes in ownership status sim-
ply reflects measurement error, the coefficient estimates may be noisily measured indeed.
Because the imprecision of our estimates may be due to measurement error, we interpret
our results as evidence against evidence: we do not find any effect of health on risky asset
ownership within households.?S

A weak connection between stock ownership and health is not that surprising. What,
after all, explains why a person, falling ill, would decide to exit the stock market? Or
even more difficult to imagine is an older individual in improved health finally choosing to

purchase stocks. With the exception of households very close to the participation margin

26 As a robustness check to see whether our results are due to the nonlinear nature of our limited dependent
variable, we also estimated a set of fixed effects linear probability models. In these specifications, the health
coefficients were again insignificant and close to zero.
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(i.e., households that would like to hold slightly short position in stocks or just want a sliver
of their portfolio in risky assets), we simply cannot come up with a convincing theoretical
explanation for why health would drive ownership. In that sense, our “negative” result
actually accords with intuition.

Unlike the case of participation, however, there are good theoretical reasons to expect
a relationship between health and portfolio choice. Changes in health status and out-of-
pocket medical costs represent substantial background risks that should, according to theory,
diminish the demand for risky assets. We need to be careful here, however, to distinguish
between background risk (i.e., variance) and the impact of particular realizations from
the distribution of risks. Theoretical models of portfolio choice (see, e.g., Kimball and
Elmendorf, 2000) predict that an increase in background risk per se should reduce the
optimal portfolio share of stocks. What happens when these risks are actually realized
depends on the degree of auto-correlation in the time-series process for health or medical
expenses. With these qualifications in mind, we now turn to our results from the allocation

equations.

5.2 Stock Allocation
5.2.1 Random Effects Tobit

Again, for the sake of comparison with previous studies, we begin with the standard ran-
dom effects specification. The left-hand panel of Table 9 reports the results for single
households.?” The focus of our analysis is on health, but first we comment briefly on vari-
ables that play a central role in the life cycle model of saving: education, Social Security
wealth, and expected bequests.

Education is of interest because of its presumed correlation with lifetime earnings and
financial sophistication. The results in the tables indicate that more educated households
tend to hold a larger fraction of risky assets, and the effect is large and precisely measured.
Relative to individuals without a high school diploma, for instance, college graduates hold
about 15 percentage points more of their financial wealth in the form of stocks, and the
figure for high school graduates is around 8 percentage points.

Social Security, as an annuitized stream of payments, represents a safe, bond-like asset
that provides a counterweight to stocks in a household’s portfolio. Since households care
about their total exposure to risk, a larger bond-like asset should increase a household’s
desired holding of stocks. But Social Security also depends positively on lifetime earnings,
and lifetime earnings are in turn likely to be correlated with unobserved variables such

as risk aversion, exposure to financial markets, and financial sophistication. Under this

27 Again, we will not separately discuss the results for couples, shown in Table 10.
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interpretation, higher Social Security might be correlated with the stock share even if there
is no direct connection between the two variables.

In all of our random effects regressions, the expected present value of Social Security is
a strong predictor of portfolio choice, with higher present values associated with a larger
share in stocks. The results in Table 9 show that even after controlling for age, education,
and financial wealth, a $100,000 increase in the present value of Social Security corresponds
to about a 1.8 percentage point rise in the stock share for couples and to about a 1.7
percentage point rise for singles.?®

The estimates in the tables for both singles and couples indicate that the probability
of leaving a bequest is strongly and positively related to the share of risky assets. Relative
to households whose respondents report a low probability of leaving a bequest, households
with probabilities in the middle and upper range tend to hold stock shares that are between
4 and 6 percentage points higher.?”

Turning to the health variables, the results indicate a clear and striking relationship
between health status and portfolio allocation: a lower health status is correlated with a
significantly smaller share of assets in stocks. Having poor self-reported health, for instance,
is associated with about a 3.5 percentage point reduction in the share of stocks for singles
relative to the omitted category of good health. It does not seem to matter whether it is
the respondent or the spouse who suffers poor health; the estimates are very similar. As
was the case in the probit specifications, our estimates suggest that the number of health
conditions has a smaller and less significant impact on portfolio decisions, perhaps because
it is highly collinear with self-reported health status.

We find a positive relationship between OOP expenses and the stock share. Again, the
mechanical explanation for this relationship is that some households may be reluctant to
finance out-of-pocket expenses out of stocks and choose instead to pay for them out of safe
assets. In this case, the share of stock could rise even if the total value of stocks remains
unchanged. Another potential explanation for the relationship involves the discretionary
nature of some medical costs. Since households can choose different levels of medical care,
high out-of-pocket medical expenses might be correlated with unobserved shocks to future
income and non-medical expenses. Under this interpretation, the positive relationship is
accounted for by the correlation between stocks, medical expenses, and some third unob-
served variable. To explore this possibility, we move on to the results of our alternative

empirical specifications.

28The present value of Social Security is reported in millions, so we need to divide the coefficient estimates
in the tables by 10 to arrive at the marginal effects of a $100,000 change.

2%In alternative specifications of the model, we include indicator variables for the probability of receiving
a bequest. The estimates on these variable are weakly positive and statistically insignificant.
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5.2.2 Correlated Random Effects Tobit

The middle panel of Table 9 shows that in the correlated random effects specification, fi-
nancial wealth remains an important determinant of portfolio allocation, with higher values
of wealth associated with a portfolio movement toward stocks. Almost all of the other
time-varying regressors, however appear to be unimportant in both magnitude and statis-
tical significance. In particular, the effects of health status and medical expenses appear
substantially weaker when we move to the correlated random effects model. Almost none
of the coefficients are statistically significant, and some, such as those on health conditions
and medical expenses, actually flip signs. An interpretation of these results is that while
health may be useful for explaining differences across individuals and households, it exerts
no obvious influence on portfolio decisions for a given person or household over time. An-
other possibility, however, is that expectations about health status, rather than realized
health states, are really what matters for portfolio decisions. Under this interpretation,
we might expect that observed, but predictable, changes in health status would produce
relatively little variation in people’s portfolios.

Further, if we look at the coefficient estimates for the A variables, we can get a sense
of the extent to which the simple random effects Tobit estimates are driven by unobserved
heterogeneity. Most of the A coefficient estimates share the same sign, magnitude, and
significance as their counterparts in the random effects model. Thus, one explanation for
the finding in previous studies of a strong relationship between health and portfolio choice
could simply be that households differ along some unobservable dimensions, and these
differences are what really drive portfolio selection and health. A caveat here, as with the
correlated random effects probit specification, is that unobservable heterogeneity is modeled
to be linearly dependent on the included regressors. To see whether our findings are sensitive
to this assumption, we end by discussing our results from the semi-parametric fixed effects

regressions.

5.2.3 Fixed Effect Censored Regression Model

The right-hand panel of Table 9 reports the results for the semi-parametric fixed effects
specification. The estimates for financial wealth and the present values of Social Security and
other annuitized income are generally consistent with the results from our other regressions.
The estimated coefficients on stocks and safe assets suggest that households increase their
holding of stocks as financial wealth rises, but at a diminishing rate and that the present
value of other annuitized wealth has no significant impact on either of the non-retirement
shares. Interestingly, the estimate on nonfinancial wealth, which was generally insignificant

in all of our other regressions, is now mildly significant and negative.
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Turning to the effect of the health and bequest variables, we see that the fixed effects
attenuate both the magnitude and statistical significance of the coefficient estimates. In the
random effects Tobit estimates, health status and the number of health conditions were both
negatively related to the share of stocks, and the impact of out-of-pocket medical expenses
was weakly positive. The estimates in the fixed effects specification, however, are either
statistically insignificant or have reversed signs. For example, while the random effects
estimates for singles indicate a strongly negative relationship between health status and the
share of stocks, the fixed effects estimates show exactly the opposite. Similarly, the positive
association between out-of-pocket medical expenses and the share of risky assets found in
the random effects estimates disappears almost completely when we account for unobserved
heterogeneity through fixed effects. The loss of significance may be driven partly by the
tendency for measurement error in the explanatory variables to blow up the noise-to-signal
ratio in a fixed effect regression. But even if this is the case, the estimates suggest that
the relationship between health and portfolio choice may be considerably more complicated

than findings in previous studies suggest.

6 Conclusion

This paper tests whether the relationship between health and portfolio choice persists even
after accounting adequately for the effects of unobserved heterogeneity. Our results suggest
that it does not. We find no evidence that health operates on either the extensive margin
of stock ownership or on the intensive margin of asset allocation. Once we account for
unobserved effects through a correlated random effects model or a fixed effects estimator, the
estimates on almost all of our health variables become small and statistically insignificant.
One explanation, of course, is that health and portfolio choice are unrelated. However, there
are other possible explanations, including measurement error, the role of expectations, and
heterogeneity across similar households in the relationship between health and portfolios.

Attenuation bias due to measurement error is typically exacerbated in the fixed effects
framework. Because the fixed effects estimator only uses information about changes in
variables within observations, it tends to decrease the signal-to-noise ratio and therefore
the reliability associated with each coefficient estimate. In a sense, noisier and attenuated
coefficient estimates can be seen as the cost of controlling for a potentially more severe source
of bias due to unobserved heterogeneity. Nevertheless, we cannot rule out the possibility
that measurement error is behind the small and insignificant coefficient estimates on our
health variables.

Another possibility is that health affects portfolio choice, but that the effect operates

through the role of expectations. To some extent, changes in health status are predictable.
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Individuals who smoke, are overweight, or drink heavily presumably understand that these
activities expose them to greater risks of cancer, diabetes, and liver problems. If these
individuals adjust their financial portfolios in light of this risk assessment, there might be a
link between health expectations and asset allocation, even though no such link is apparent
when we consider changes in health status.

Finally, it could just be that our results are reflecting the ambiguous relationship between
health and portfolio choice. As we argued in the introduction, the effect of health on
allocation decisions depends on the cross-partial derivative between consumption and health
in the marginal utility function. Since this derivative can plausibly take either a positive or a
negative sign, the net effect of health could be ambiguous. Some households might respond
to worsening health by increasing their stock share, while others might move toward safer
assets. Or, if the opposing forces of health on desired consumption affect each household’s
utility in the same way, our finding could reflect genuine ambivalence on the part of the
household.

No matter what the interpretation, though, our findings indicate that the empirical re-
lationship between health and portfolio choice is far less clear than previous studies suggest.
If such a relationship exists, we expect that it will emerge empirically only after a careful

treatment of unobservable heterogeneity, measurement error, and expectations.
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Tables and Figures

Table 1: Demographics

Couples:
Variable Singles Respondent  Spouse
Female .768 .369 .631
Age 76.9 73.1 70.8
Education 11.9 12.8 12.4
Nonwhite 101 .061 .064
Hispanic .033 .033 .034
Number of Children* 3.0 3.5 3.5
Additional Household Member* 277 151 151
Sample Size* 14,061 11,709 11,709

Sample pools household observations from 1998 to 2004.

Means calculated using HRS sample weights.
*These variables do not vary across spouses.

Table 2: Household Wealth and Portfolios

Variable Single Married
Financial Wealth 99.4 166.7
Retirement Accounts 25.7 92.5
Nonfinancial Wealth 145.5 308.4
Social Security Wealth 82.6 190.0
Other Annuity Wealth* 81.4 165.8
Total: Comprehensive Wealth ~ 434.6 923.4
Indicators for Ownership of:

Safe Assets .984 974
Non-retirement Stocks .293 432
Retirement Accounts .285 .566
Any stocks .445 .692
Stock Share of Portfolio .206 318

Means are reported in 2004 dollars.

Means calculated using HRS sample weights.
*Includes PV of DB pensions, annuities, life in-

surance, and transfers.
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Table 3: Health Measures

Couples:

Variable Singles Respondent Spouse
Self-reported Health Status

Excellent or Very Good .343 A17 411
Good .335 .330 .323
Fair or Poor 323 .253 .266
Number of Diagnosed Conditions

None .329 378 405
One to Three .488 487 .468
Four to Eight .183 134 127
Out of Pocket Medical Expenses™

10th Percentile 0.0 0.1 0.1
50th Percentile 1.3 1.4 1.5
90th Percentile 7.3 7.1 7.5
99th Percentile 38.1 29.8 38.0

*Thousands of 2004 dollars.
Means calculated using HRS sample weights.

Table 4: Expectation Measures

Couples:
Variable Singles Respondent Spouse
Prob. of Leaving Bequest of $100K
Low: <20 percent .549 .330 354
Med: 20-80 percent .146 .199 227
High: >80 percent .305 A71 419
Prob. of Living About 10 Years,
relative to Life Table
Low: <.75 .267 .253 .299
Med: .75 to 1.25 .245 .296 .326
High: >1.25 488 451 .375

Means calculated using HRS sample weights.
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Table 5: Stock Allocation and Ownership by Health Status

Allocation: Ownership:

Variable Single Married | Single Married
Self-reported Health Status

Excellent or Very Good .257 373 .549 .780
Good .210 .309 .460 .686
Fair or Poor .149 238 321 .556
Number of Diagnosed Conditions

None .235 .336 .503 731
One to Three 210 319 .455 .696
Four to Eight 145 261 315 .568
Out of Pocket Medical Expenses

Lower Third 151 275 .337 .631
Middle Third 222 334 479 718
Upper Third .235 331 497 707

Allocation entries shows share of financial assets allocated to stock. Own-
ership entries show probability of owning any stock.
Means calculated using HRS sample weights.

Table 6: Changes in Health and Stock Allocation

Change in Stock Allocation

Variable Single  Married
Change in Self-reported Health Status

Better -.004 .000
Same -.018 -.019
Worse -.033 .013

Change in Number of Diagnosed Conditions
None -.012 -.026
Increase -.029 -.014

Change in Out of Pocket Medical Expenses

Decrease -.029 -.016
About the Same .004 -.006
Increase -.019 -.013

Table entries show change in the probability of owning any stock.
Health and portfolio changes calculated between 1998 and 2004.
Standard errors vary between .265 and .326.
Means calculated using HRS sample weights.
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Figure 1: Age Profiles of Stock Allocation

Share of Stocks in Financial Portfolio

Percent of Total Financial Assets
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