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ABSTRACT

Medicare’s Hospital Insurance trust fund is projected to be depleted in 2033, but aggregate projections say little about how
the cost of aging falls on households. We build a six-state continuous-time Markov model of later life (healthy, chronic
illness, disability, severe disability at home, nursing home, dead) from 197,258 intervals between Health and Retirement
Study interviews, 1998 to 2022, with deaths dated to the month, a linear spline in age, and standard errors clustered on the
household. Medicare costs by state come from the Medicare Current Beneficiary Survey with the concentration of spending
in the last year of life imposed; out-of-pocket costs are drawn from HRS core and exit interviews by state, age, sex, Medicaid
status and income tertile, with persistence modeled as a permanent component plus an AR(1); Medicaid eligibility is reached
by asset spend-down inside the simulation. Mortality is calibrated to the 2023 US life table. For a 65-year-old drawn from
the population, the present value at 3% of lifetime Medicare spending is $154,423 for men and $171,804 for women, and
of household out-of-pocket spending on care $35,329 and $43,666, with Part B and Part D premiums adding $32,195 and
$33,977. The distribution is heavily skewed: the mean of the worst 5% of outcomes is $188,368 for men and $235,495 for
women, 5.3 and 5.4 times the mean, and 71.8% and 85.7% of the lives in that tail pass through long-term care against 44.2%
and 57.9% of all lives. 15.3% of men and 23.2% of women reach Medicaid, and among the lowest income tertile 37% and
45% do. Passing half of the post-2033 Part A shortfall to beneficiaries raises expected out-of-pocket cost by about $2,000; real
cost growth at the Trustees’ rate raises the worst-5% mean by $52,211 and $77,837. Code and a public calculator are released.
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INTRODUCTION

The 2026 Medicare Trustees Report projects that the Hospital
Insurance (HI) trust fund will be depleted in the second quarter
of 2033, after which incoming revenue would cover 89% of

matter to the people who price long-term-care, Medigap and
Medicare Advantage products, to planners advising retirees,
and to policymakers choosing how a financing gap is closed.

The actuarial tool for the problem is the multi-state model:

scheduled Part A benefits, and that Medicare spending will
rise from 3.9% of GDP in 2025 to 6.5% in 2050 (Boards of
Trustees, 2026). These are aggregates. They answer what the
program will cost, not what aging costs a particular household,
how uncertain that cost is, which health paths produce the
bad outcomes, or who ends up on Medicaid. Those questions

a person moves among health states with age-dependent
intensities, each state carries a cost, expected present values
follow from the transition probabilities, and the distribution
follows from simulating paths. Multi-state models are standard
in disability and long-term-care insurance (Haberman and
Pitacco, 2018) and have been estimated on the Health and
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Retirement Study (HRS) for functional disability (Fong, Shao
and Sherris, 2015; Sherris and Wei, 2021). Economists have
separately measured medical-expense risk in retirement and
its consequences for saving (Hubbard, Skinner and Zeldes,
1995; De Nardi, French and Jones, 2010; Jones et al., 2018).
The strands rarely meet in one model that separates payers,
separates care at home from care in an institution, reports the
tail rather than the mean, and connects to Medicare’s financing.

This paper builds that model from public data with
released code. We ask five questions

* RQI. What are the transition intensities among healthy
(H), chronic illness (C), disability (D), severe disability at
home (L), nursing home (N) and death (X) for Americans
aged 50 and over, and how do they vary with age, sex,
education and race or ethnicity?

* RQ2. What are expected lifetime Medicare and household
out-of-pocket costs from 65, by health state at 65, sex and
income?

* RQ3. What is the distribution of the present value of
lifetime out-of-pocket cost, what are its Value-at-Risk
and Conditional Value-at-Risk, and which paths produce
the tail?

* RQ4. Who exhausts their assets and reaches Medicaid, at
what age, and how does that change the distribution of
what households pay?

* RQS5. How would plausible responses to the post-2033 HI
shortfall change household out-of-pocket risk?

» Six design choices shape the answers, and each was made
because the alternative changes the results.

Care at home and care in an institution are different states

Pooling them, as a five-state model does, mixes an annual out-
of-pocket mean of about $3,800 with one of about $18,000 and
hides the state that produces the tail.

The likelihood is the exact interval-censored one

Transitions between biennial interviews are not assumed away
(Kalbfleisch and Lawless, 1985), intensities are piecewise
constant over pieces of at most three years rather than held at
an interval midpoint, and for a death dated to the month the
death intensity is evaluated at the age at death.

Age enters as a spline, not a single Gompertz slope

Knots at 70 and 85 let the intensities bend, which a single log-
linear slope cannot do over a 50-year age range.

Standard errors are clustered on the household

Spouses are both in the sample and their health and survival
are correlated; the cluster-robust standard errors are a median
1.09 times the model ones.

Costs are drawn from distributions, not means, and they
persist

Out-of-pocket draws are conditioned on state, age band,
sex, Medicaid status and income tertile, with a permanent

E-ISSN: 2581-7442

component and an AR(1) fitted to repeated HRS observations
(French and Jones, 2004), and the last year of life is drawn
from exit interviews, which core interviews never observe.

Medicaid is endogenous

A life whose assets fall below the eligibility limit while in
long-term care becomes a Medicaid beneficiary inside the
simulation, which is what actually stops the out-of-pocket
spending of the people with the worst draws.

The main results follow. Life expectancy at 65 is 18.2 years
for men and 20.7 for women, of which 1.4 and 2.3 are spent in
long-term care. Expected lifetime Medicare spending varies
little with health at 65 because poorer health shortens the years
over which cost accrues, reproducing Lubitz et al. (2003) with a
payer split and a modern panel. Out-of-pocket risk, by contrast,
is concentrated: the worst 5% of outcomes average 5.3 and 5.4
times the mean, the tail is made of long-term-care paths, and it
is truncated for the poorest households only because Medicaid
takes over. A partial pass-through of the HI shortfall moves
the expected household cost by about 6%, small beside the
effect of the long-run cost trend, which falls mostly on the tail.

BACKGROUND

Medical-expense risk in retirement

Uncertain medical costs affect saving and decumulation
(Hubbard, Skinner and Zeldes, 1995; Palumbo, 1999), and De
Nardi, French and Jones (2010) showed that expenses rising
with age and income help explain why the elderly run assets
down slowly. French and Jones (2004) showed that out-of-
pocket costs are persistent, with a permanent component and
a highly autocorrelated transitory one, which is the structure
used here. De Nardi et al. (2016) documented the medical
spending of the US elderly by payer, and Jones et al. (2018)
estimated lifetime medical spending of retirees from a
structural model. End-of-life spending has been measured from
HRS exit interviews (Marshall, McGarry and Skinner, 2011;
Kelley et al., 2013) and is highest for people with dementia
(Kelley et al., 2015; Hurd et al., 2013). Fahle, McGarry and
Skinner (2016) examine what HRS out-of-pocket measures
do and do not capture. Hurd, Michaud and Rohwedder (2017)
showed that lifetime nursing-home use and its out-of-pocket
cost are concentrated in a minority, and Kemper, Komisar and
Alecxih (2005) gave the standard lifetime estimates of long-
term-care use. Poterba, Venti and Wise (2011) documented
how little wealth many households hold late in life, which is
why an asset-based spend-down rule matters. Medicaid’s role
as payer of last resort shapes the private long-term-care market
(Brown and Finkelstein, 2008), its means test shapes saving
(Braun, Kopecky and Koreshkova, 2017), and preferences over
long-term care shape late-life saving (Ameriks et al., 2020).

Health paths and cumulative spending

Lubitz et al. (2003) found that older people in better health live
longer and accumulate similar lifetime Medicare spending.

www.apjnh.com

ASIAN PACIFIC JOURNAL OF NURSING AND HEALTH SCIENCES, 2026; 9(2): 15-26



Asian Pac. J. Nursing And Health Sci., 2026; 9(2): 79 of 89

Riley and Lubitz (2010) measured the share of Medicare
spending that falls in the last year of life, about a quarter,
which this paper imposes rather than assumes away. Multi-
state health expectancies go back to Crimmins, Hayward and
Saito (1994), and microsimulation of the future elderly to the
Future Elderly Model (Goldman et al., 2005).

Actuarial multi-state models

Haberman and Pitacco (2018) set out the framework for
disability and long-term-care insurance. Fong, Shao and
Sherris (2015) estimated multi-state models of functional
disability from HRS; Shao, Sherris and Fong (2017) priced
long-term-care insurance with one; Li, Shao and Sherris
(2017) and Sherris and Wei (2021) added systematic trend
and uncertainty.

Estimation from panel data

When states are seen only at interviews, the likelihood is
built from transition probabilities over observed intervals
(Kalbfleisch and Lawless, 1985), as in the msm package
(Jackson, 2011) and treated at length by van den Hout (2016).
Titman and Sharples (2010) review diagnostics, and Aguirre-
Hernandez and Farewell (2002) give the observed-against-
expected test used in Section 5. Putter, Fiocco and Geskus
(2007) and de Wreede, Fiocco and Putter (2011) cover the
exactly observed case.

What this paper adds

A six-state model that separates severe disability at home from
nursing-home residence, estimated on interval-censored HRS
data with a spline in age and household-clustered standard
errors; payer-specific costs with the end-of-life concentration
imposed and persistence modeled; Medicaid spend-down
inside the simulation; tail measures (Rockafellar and Uryasev,
2000); scenarios tied to the Trustees’ financing projections; and
the whole pipeline, with a public calculator, released.

DATA

HRS panel

We use the RAND HRS Longitudinal File 2022 (V1) (Bugliari

etal., 2025; Sonnega et al., 2014), waves 4 to 16 (1998 to 2022),

respondents aged 50 and over. Each interview is assigned a

state:

* H:no ever-diagnosed condition among eight (hypertension,
diabetes, cancer, lung disease, heart problems, stroke,
psychiatric problems, arthritis) and no limitation in the
five RAND activities of daily living (ADL);

e (C: at least one condition and no ADL limitation;

* D: one or two ADL limitations, living in the community;

* L:three or more ADL limitations, living in the community;

* N: living in a nursing home at interview, whatever the
ADL count;

¢ X: dead, dated to the month from the RAND death date.
The panel has 40,354 respondents and 237,944 classified

person-interviews (Table 1). Consecutive interviews give
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197,258 transitions with a mean interval of 2.14 years; 16,160
deaths are dated, 139 of them to the year only and placed at
mid-year; 8,548 observations are censored at the last interview
at which the person was known to be alive, contributing 39,761
person-years; 375 observations are dropped for missing race.
Weighted, 16.3% of person-interviews are in H, 67.5% in C,
10.6% in D, 4.0% in L and 1.6% in N. Crude transition counts
are in Table A2. Because conditions are ever diagnosed, C to
H cannot occur and is not modeled.

Out-of-pocket spending

Core interviews report out-of-pocket medical spending over
the previous two years, excluding premiums, with RAND
imputations. We halve it to an annual figure, express it in
2024 dollars with the CPI-U, and attach it to the state at that
interview. Draws are taken from waves 8 onward (2006 and
later) so that every draw is from a year in which Part D existed.
The exit interview, answered by a proxy after death, reports
spending from the last core interview to death; 9,965 decedents
aged 65 and over contribute, and the last-year amount is that
spending scaled by min(1, 12/months). Table 4b reports these
distributions and Table 4e the persistence they show.

Medicare spending

The MCBS Cost Supplement public use files for 2019 and 2021
to 2023 (29,144 beneficiary-years) give annual spending by
payer, with Medicare Advantage payments included, in cells
of age by count of chronic conditions (0-1, 2-3, 4+). Standard
errors use balanced repeated replication with Fay’s adjustment
of 0.30. The pooled Medicare mean is $11,802 (standard error
$278) and 44% of beneficiary-years are in Medicare Advantage
(Table A7).

Other sources

Mortality benchmarks are the 2023 US period life tables (Arias
and Xu, 2025). HI depletion timing, the payable share and cost
growth are from the 2026 Trustees Report. The standard Part
B premium is $174.70 a month in 2024 and the Part D base
premium $34.70 (CMS, 2023).

MODEL

Transition intensities

Let and let be the intensity of moving from to at age for
covariates . Eighteen transitions are allowed (Figure 1): H to
C,D,X;CtoD,L,N,X;DtoH,C,L, N, X; LtoD,N, X;
N to D, L, X. Transitions without their own intensity, such
as H to N, are reached through intervening states within an
interval, which is what a continuous-time model does with
interval-censored data. Each intensity is log-linear in a linear
spline in age,

x—65 (x—70), (x—85),
1094;16,2) = Bogie+ B g+ Bae g+ Bage—1

+ VJ( z,

with = (female, any college, nonwhite or Hispanic). The
intensity matrix has off-diagonal entries and rows summing
to zero.
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Conditions are ever diagnosed, so Chronic does not return to Healthy. Eighteen intensities are estimated: other moves pass through intervening states

Figure 1: State space and allowed transitions.

An interval of length from age is split into pieces of at most
three years; over each piece is held at the piece’s midpoint
age, and the transition matrix is the product of the pieces’
matrix exponentials. For a person seen in state at age and in
state after years, the likelihood contribution is . For a death
at years after the last interview in state , the state just before
death is unobserved and the contribution is

k+X

with the death intensity evaluated at the age at death rather
than at the midpoint. For a person last seen alive at age the
contribution is £, i Py (o x + ), which uses the information that
the person did not die without asserting a state.

The log likelihood is maximized with gradients from
automatic differentiation through the matrix exponential.
Standard errors come from a sandwich estimator with scores
clustered on the household. Estimation is unweighted, the
usual convention for panel multi-state models, with the
covariates carrying composition; weighted prevalence is used
for validation.

Entry population and mortality calibration

A simulated 65-year-old is drawn from the weighted joint
distribution of state, education, race or ethnicity, household
income tertile, non-housing assets and Medicaid enrollment
among HRS respondents aged 64 to 66. The entry mix is 14.7%
H, 73.5% C, 8.9% D, 2.4% L and 0.5% N for men, and 14.4%,
72.3%, 9.2%., 3.5% and 0.5% for women.

The fitted model pools deaths from 1998 to 2022, and its life
expectancy at 65 is 17.49 years for men and 20.35 for women
against 18.19 and 20.71 in the 2023 table. Rather than change
the relative mortality of the states, which the data identify, we
scale every death intensity by by sex, choosing to minimize
the -weighted squared difference in between model and table
at ages 65 to 99. The multiplier runs from 0.865 at 65 to 0.928
at 95 for men and from 0.831 to 1.064 for women (Table 3b).
The uncalibrated model is kept as a robustness variant.

Costs

Medicare

Medicare cost in state and age band (65-74, 75 and over) is
the MCBS cell mean for band averaged over the distribution
of chronic-condition counts among HRS respondents in and .
The HRS counts eight conditions and the MCBS a longer list,
so this bridge places HRS respondents in lighter cells than the
population they represent; we keep the state relativities and
scale the level in each band so that the weighted cohort average
equals the MCBS band mean, factors of 1.16 and 1.14 (Table
AS5). Spending is concentrated at the end of life: we set the ratio
of a decedent’s Medicare cost to a survivor’s so that the last
year of life takes 25.1% of the cohort’s Medicare spending, the
share reported by Riley and Lubitz (2010), holding the overall
level fixed. That implies a decedent multiplier of 5.44 and a
rescaling of survivor costs to 0.795. Medicare spending is
17% higher in the lowest income tertile, the MCBS relativity.

Out-of-pocket

Out-of-pocket cost in a year alive is drawn from the weighted
empirical HRS distribution for the state, age band, sex,
Medicaid status and income tertile, with a minimum cell size
of 150 observations and coarser cells used where that is not met.
Draws are persistent: a life carries a standard normal factor
with a permanent share of 0.367 and an AR(1) coefficient of
0.463 on the transitory part, both estimated from repeated HRS
observations of the same person, and the year’s draw is the
quantile of its cell at the implied uniform. In the year of death
the draw is replaced by one from the exit-interview distribution
for the age band and sex, conditioned on whether the person
was in long-term care at the last interview. Premiums for Part
B and Part D are added for each year alive outside Medicaid
and reported separately.

Medicaid

A life enters with the Medicaid status and non-housing assets
of its HRS cell. In each year, income meets up to 10% of the
out-of-pocket cost and the rest draws on assets; a life in L or N
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whose assets fall below $2,000 becomes eligible, after which
Medicaid pays for long-term care, out-of-pocket draws come
from the Medicaid cells and premiums stop. This is an exposure
rule, not an eligibility determination: it ignores spousal
protections, home equity, look-back rules and state variation.

Lifetime cost, its distribution and the tail

Lives step through one-year transition matrices from 65
to 110. With costs accruing at the start of each year and a
discount factor , the present value of out-of-pocket cost is the
discounted sum of the yearly draws, with the end-of-life draw
replacing the ordinary one in the year of death, and and the
premium defined the same way. Tail risk is summarized by
, the quantile of , and at (Rockafellar and Uryasev, 2000).
We simulate 100,000 lives for each sex and each state at 65,
and 100,000 from the population mix, with common random
numbers across scenarios so that differences are not simulation
noise. Monte Carlo standard errors are reported for every mean
and tail measure.

Expected values are also computed exactly, by forward
recursion over the state distribution with spend-down and
persistence switched off, cell by cell over income tertile and
Medicaid status so that the recursion prices the same cost cells
the simulation draws from (Table 5c). Parameter uncertainty is
the spread of those exact values over 200 draws of the intensity
parameters from their asymptotic distribution.

Financing scenarios

Scenarios apply to a cohort turning 65 in 2026, so calendar

year is 2026 plus years since 65. Part A’s share of a state’s

Medicare cost is the MCBS inpatient-plus-home-health share

within each chronic-condition cell, and the HI share of total

Medicare benefits, 35.1% in the 2024 Trustees tables, sets the

size of the shortfall.

*  S0: benefits paid in full, the Trustees’ convention.

« SI: from 2033 Part A pays the projected payable share (§89%
in 2033, 85% in 2050, 93% in 2100, interpolated between),

Male: state prevalence by age

S = = Disability, model

= — Healthy, model Severe, at home, HRS
=@~ Chronic, HRS e, at home, model|
== Chronic, model =@~ Nursing
=@~ Disability, HRS

Percent of survivors
»H
o
s
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and a share of the shortfall becomes household cost, for
=0, 25%, 50% and 100%.

* SlIb: the same with Part A’s share taken as the community
inpatient-plus-home-health share of 26%, a narrower
definition.

* S2: the whole cohort shortfall falls on person-years in long-
term care, as a cut to post-acute coverage would.

* S3:S1 with = 50% plus real cost growth at the Trustees’
per-beneficiary rate of 1.7% a year.

VALIDATION

Goodness of fit

Table 3 compares observed and expected destination
distributions by starting state, age group and interval length,
excluding censored rows, in the form of Aguirre-Hernandez
and Farewell (2002). The fit is close from H (largest gap 0.3
points), C (0.8) and D (3.1). It is poor from the two long-term-
care states: from L the model expects 47.0% to remain against
39.8% observed and 20.5% to die against 25.8%; from N it
expects 56.5% to remain against 41.2% and 36.6% to die against
50.6%, a gap of 15.2 points. The consequence for this paper is
that years in N are overstated and deaths from N understated, so
lifetime nursing-home cost is, if anything, overstated and time
in that state too long. Section 6.9 tests the obvious explanation,
duration in state, and rejects it for mortality: the duration proxy
transforms the fit of movements between live states but leaves
the death intensity from the nursing home unchanged. What
is left is unobserved heterogeneity among residents, which
a model with one hazard per state and age cannot represent.

Mortality

After calibration, life expectancy at 65 is 18.23 years for men
and 20.74 for women against 18.19 and 20.71 in the table, and
one-year death probabilities are within 6% of the table at every
age from 65 to 95 (ratios 0.92 to 1.05; Table 3b, with the life
table in Table AS).

Female: state prevalence by age

et
3 @_,_,,W
T T T T T T T T T T T T
65-69 70-74 75-79 80-84 85-89 90-99 65-69 70-74 75-79 80-84 85-89 90-99
Age band Age band

Figure 2: State prevalence by age: weighted HRS cross-section (solid) and calibrated model (dashed).
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Prevalence

The calibrated model’s state distribution among survivors is
compared with the weighted HRS cross-section by sex and
age band (Table A4 and Figure 2). The largest gap in any cell
is 3.1 percentage points, and gaps exceed 2 points only above
age 85, where the model holds slightly too few people in H and
slightly too many in N.

Spending

After the level scaling, the cohort’s Medicare spending per
person-year is 1.00 and 1.01 times the MCBS band mean (Table
AS). It is 0.56 and 0.70 of Medicare’s own per-beneficiary
spending in 2024 ($17,837), which is expected: the Trustees’
figure covers all beneficiaries including those under 65 on
disability, and includes Part D and the institutional and hospice
spending the Cost Supplement omits.

Medicaid

In the model, 23.5% of men’s and 31.0% of women’s long-
term-care person-years are on Medicaid, against 30.5% in HRS
(Table AS). The model therefore under-covers men, whose
spend-down is slower because they reach long-term care later
and die sooner.

Published estimates

Table 8 sets the model against four published studies, with each
figure converted to 2024 dollars. Two comparisons are close:
out-of-pocket spending in the last five years of life, $35,182
for men and $42,826 for women against Kelley et al. (2013)
at $56,368 for a pooled sample that includes premiums, and
last-year spending of $10,386 and $12,568 against Marshall,
McGarry and Skinner (2011) at $16,927, with the model’s 95th
percentile ($53,447 and $67,837) bracketing theirs ($72,714).
Two are not. Jones et al. (2018) report lifetime medical spending
from 70 of $161,662 per household including Medicaid
payments, against $33,235 and $42,298 here for one person’s

Male: one-year probability of death by state

35 { =@~ from Healthy

=@- from Chronic

—@~— from Disability

=@= from Severe, at home

=@— from Nursing hol

304

251

20 A

Percent

15 4

10 A

ﬁ:«é
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own out-of-pocket spending, a different object. And Hurd,
Michaud and Rohwedder (2017) report that 56% of people have
a nursing-home stay, against 19% of men and 30% of women
here; their measure counts any stay, including the short post-
acute stays that a biennial interview cannot see, while the state
N here means residence at interview. Kemper, Komisar and
Alecxih (2005) put lifetime nursing-home use nearer 35%. The
model’s N state should be read as long nursing-home residence,
not as any admission.

RESULTS

Transitions (RQ1)

Table 2 reports the intensities as hazard ratios. The likelihood-
ratio test for the education and race-ethnicity terms is 1,756.2
on 36 degrees of freedom. Cluster-robust standard errors are a
median 1.09 times the model ones across the 126 parameters,
with a range of 0.23 to 1.43, so treating spouses as independent
would overstate precision for most parameters.

Death intensities rise with age from every state, by a factor
of 2.59 per decade from H, 1.75 from C, 2.32 from D, 1.87
from L and 1.72 from N, the flattening expected when frailer
people leave the at-risk group first. Women’s death intensities
are 0.42 to 0.67 of men’s, with the largest difference from H.
Any college lowers mortality from H (hazard ratio 0.47) and
C (0.78) and lowers the intensity of moving from C to D (0.72).
Being nonwhite or Hispanic raises the intensity from H to D
(1.73) and from C to D (1.32) while lowering mortality from
D (0.74) and from N (0.93), the pattern expected when a group
enters a state at lower average severity.

Two features of the fit need stating. First, the optimizer
for the full model stopped at its iteration limit rather than on
its own convergence test; at the reported solution the largest
absolute gradient component is 0.023 on a log likelihood
of 166,665, with all but two components below 0.001 and

Female: one-year probability of death by state

65

75 85

Age

75
Age

Figure 3: One-year probability of death by state at ages 65, 75 and 85, fitted model, reference covariates.
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Male: expected years in each state from 65
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Severe, at home
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Healthy
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Female: expected years in each state from 65

k T T T T T T T T F T T T T
0.0 25 50 75 10.0 125 15.0 17.5 20.0 0 5 10 15 20

Years

EEE Healthy Emm Chronic

m Disability

Years

Il Severe, at home Bl Nursing home

Figure 4: Expected years in each state from 65, by health state at 65.

no parameter at a bound, so the solution is a maximum for
practical purposes. Second, the covariate effects on the direct
C to L intensity are not identified: only 2,149 of the 197,258
observed transitions end in L from C, most severe disability
is reached through D, and the model standard errors on that
intensity’s intercept and race term are 6.6 and 6.5 on the log
scale. The hazard ratios in that row of Table 2 should not be
interpreted; the aggregate flow into L is identified, as the
goodness-of-fit table for starting state C shows (1.51% observed
against 1.51% expected).

One-year transition probabilities at ages 65, 75 and 85 are
in Table A3 and the death probabilities in Figure 3.

Health expectancies

A 65-year-old man with no college and not nonwhite, healthy at
65, can expect 18.30 more years: 6.60in H, 8.94in C, 1.76 in D,
0.57 inL and 0.43 in N (Table A6 and Figure 4). The equivalent
woman can expect 21.17 years, with 0.90 in L and 0.98 in N.
Starting in chronic illness costs about two years, starting in
D about four and a half, starting in L seven, and starting in N
nearly twelve: a man in a nursing home at 65 can expect 6.42
more years, 3.05 of them in the nursing home. Women spend
about twice as many years as men in the two long-term-care
states from every starting point, which is the main reason their
lifetime out-of-pocket cost is higher.

Annual costs by state

Medicare spending per year rises with disability and is nearly
flat between the two long-term-care states: at 65 to 74 it runs
from $5,127 in H through $9,940 in C, $12,678 in D and $13,998
inL to $14,129 in N, and at 75 and over from $6,815 to $14,293
(Table 4). Out-of-pocket spending is where the states differ
most, and where separating home from institution matters. At
75 and over the mean is about $1,200 in H, $2,020 in C, $2,800
to $2,900 in D and $3,600 to $4,000 in L, but $16,387 for men
and $19,047 for women in N, with 99th percentiles of $135,957
and $157,817 (Table 4b). Medicaid covers 35% and 40% of
nursing-home person-years at those ages and 15% and 25% of

severe disability at home, which is why the N distribution has
a long right tail rather than a high median (Table 4c).

Out-of-pocket spending in the last year of life depends on
where the person was: for decedents aged 75 and over who
were in long-term care at the last interview it averages $16,607
for men and $17,751 for women, against $7,536 and $8,378 for
the others (Table 4d).

Expected lifetime cost (RQ2)

Table 5 gives expected lifetime costs from 65 at a 3% discount
rate. For the population mix the present value of Medicare
spending is $154,423 for men and $171,804 for women; of
household out-of-pocket spending on care, $35,329 and $43,666
with medians of $20,520 and $25,125; and of Part B and Part
D premiums, $32,195 and $33,977. Households therefore face
about $67,500 and $77,600 in present value in total, of which
just under half is premiums. Monte Carlo standard errors are
$147 and $187 on the out-of-pocket means, and the parameter-
uncertainty intervals from 200 draws of the intensities span
about 2% of the mean (Table 5).

Health at 65 changes expected lifetime Medicare cost
much less than it changes annual cost. A man healthy at 65 is
expected to cost Medicare $139,934 over his life; one already
in a nursing home, whose annual cost is nearly three times as
high, is expected to cost $125,828, because he is expected to
live 8.4 years rather than 20.4. The highest expected Medicare
cost is for people with chronic illness and no limitation at 65,
$157,383 for men and $174,647 for women, who combine long
lives with high annual cost.

Expected out-of-pocket cost behaves differently again, and
not monotonically in health. It is $34,484 for a man healthy
at 65, $35,727 with chronic illness, $32,300 with disability,
$26,780 in severe disability at home and $40,213 in a nursing
home. Two forces offset: worse health at 65 means more
long-term-care years, which cost more, but also shorter life
and a far higher chance of reaching Medicaid, which stops
household spending. For men starting in L, 56.3% reach
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Medicaid; starting in N, 68.8%. The premium column falls
monotonically with worse health at 65, from $36,431 to $6,937,
because premiums are paid for years alive outside Medicaid.

Income (RQ2)

Income changes the composition of the cost more than its total
(Table 5b). Men in the lowest tertile of household income have
median non-housing assets of $7,970 at 65, are in long-term
care at entry three times as often as the highest tertile, and
reach Medicaid at some point in 37% of lives against 4%. Their
expected lifetime out-of-pocket cost is $29,154 against $39,257
in the highest tertile, and for women $36,436 against $52,254.
The poorest households pay less not because they use less care
but because Medicaid pays once their assets are gone, while
their expected Medicare cost is the highest of the three groups
($170,053 for men against $149,496), reflecting both the MCBS
income relativity and more time in long-term care.

The tail (RQ3)

Figure 5 shows the distribution of lifetime out-of-pocket
cost for the population mix. For men, VaR95 is $119,688 and
CVaR95 $188,368, 5.3 times the mean, with a Monte Carlo
standard error of $1,433; CVaR99 is $311,744. For women,
VaR95 is $147,062, CVaR95 $235,495, 5.4 times the mean,
and CVaR99 $407,630 (Table 6).

The tail is a long-term-care phenomenon. Among men in
the worst 5% of outcomes, 71.8% passed through long-term
care against 44.2% of all men, and they spent 3.1 years there
against 1.4; for women, 85.7% against 57.9%, and 5.0 years
against 2.3. People in the tail live longer, dying at 87.4 on
average against 83.2 for all men, because a long stay in care
requires surviving to have it. The end-of-life draw accounts
for 12.5% of the tail’s present value for men and 8.3% for
women. 34% of the men and 45% of the women in the tail

E-ISSN: 2581-7442

reach Medicaid, which is what stops their costs; without a
spend-down rule the tail would be longer and the poorest lives
would carry impossible amounts.

Starting state matters much more for the tail than for
the mean. A man in a nursing home at 65 has an expected
out-of-pocket cost only 14% above the population mix but a
CVaR95 of $292,873 against $188,368; for women the figures
are $380,546 against $235,495 (Figure 6).

Medicaid, spend-down and financing scenarios (RQ4,
RQ5)
15.3% of men and 23.2% of women reach Medicaid at some
point after 65, at a median age of 68 and 70 (Table 5). In the
lowest income tertile, 21% of men and 24% of women are
already enrolled at 65 and a further 16% and 22% spend down
to it, at a median age of 82 and 83; in the middle tertile 8% and
11% spend down; in the highest, 3% and 4% (Table 7b). 25% of
the lowest tertile has no positive non-housing assets at 65 at all.
Table 7 and Figure 7 report the financing scenarios. A
pure provider payment cut (S1 at 0%) leaves household cost
unchanged by construction; its effect would come through
access, which this model does not capture. Passing a quarter
of the Part A shortfall to households raises expected lifetime
out-of-pocket cost by $1,002 for men and $1,104 for women;
half raises it by $2,003 and $2,208; the whole shortfall by
$4,003 and $4,414. On the narrower community definition
of Part A’s share (S1b) the effect at 50% is $1,481 and $1,634.
Concentrating the shortfall on long-term-care years (S2)
produces a similar mean change, $2,081 and $2,782, but more
than twice the tail effect: CVaR95 rises by $4,713 and $6,093
against $2,428 and $2,531 when the shortfall is spread. Real
cost growth at the Trustees’ rate with half the shortfall shifted
(S3) raises the mean by $10,352 and $14,229 and CVaR95 by
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Figure 5: Distribution of the present value of lifetime out-of-pocket cost from 65, population mix, with Value-at-Risk at 90%, 95% and 99%.
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Expected and tail lifetime out-of-pocket cost by health state at 65
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Figure 6: Expected lifetime out-of-pocket cost and CVaR95 by health state at 65.

$52,211 and $77,837, an order of magnitude more than the
shortfall itself. Spend-down rises by at most 2 percentage
points in any scenario, because the households most exposed
to a Part A cut are those already closest to Medicaid.

Robustness

Table 9 reports variants, each changing one decision, with
40,000 lives per sex, so its baseline row differs from Table 5
by simulation error (men’s out-of-pocket mean $35,058 against
$35,329). Three groups of variants matter.

How costs are modeled

The single largest effect in the whole paper is the persistence of
out-of-pocket draws. With independent draws, the specification
most cost models use, men’s CVaR95 falls from $185,746
to $119,229 and women’s from $234,519 to $158,542, while
the means barely move ($35,067 and $44,130). A model that

draws costs independently each year understates the tail by
about a third, because the people who draw badly once draw
badly again. Dropping the end-of-life step lowers CVaR95
to $167,370 and $219,115, so the last year of life carries about
a tenth of the tail; making the end-of-life draw independent
of the state at the last interview lowers it by 2%. Drawing
out-of-pocket costs from all waves rather than from 2006
onward raises the mean to $37,233 and $47,470 and CVaR95 to
$206,564 and $265,687, because pre-Part D years carry heavier
drug spending; the restriction is the conservative choice.

How Medicare’s level is set

The level of lifetime Medicare spending is the least settled
number here. Without the scaling to MCBS band means it
is $134,608 for men; with it, $154,778; using fee-for-service
spending only, $149,507; raising the whole level to Medicare’s

Financing scenarios: change in the mean and in CVaR95
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Figure 7: Change in the mean and in CVaR95 of lifetime out-of-pocket cost under the financing scenarios.
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own per-beneficiary spending in 2024 would give $246,855.
A 25% uplift for the facility and hospice events the Cost
Supplement omits gives $166,176, and the functional cost
gradient variant $159,704. None of these changes household
out-of-pocket cost, which is drawn from HRS; the Medicare
column should be read as a well-anchored relativity across
states with a level that is uncertain by roughly a fifth.

Mortality, discounting and the Medicaid rule

Without calibration, life expectancy at 65 falls to 17.6 years
for men and CVaR95 to $179,906; calibrating on the H and C
states only changes nothing material. Mortality improvement
of 1% a year, which a cohort turning 65 in 2026 will plausibly
see, raises life expectancy to 19.2 and 21.8 years, the share ever
in long-term care to 49% and 63%, and CVaR95 to $199,785
and $257,055: longevity is a risk factor for out-of-pocket cost.
Discounting at 2% instead of 3% raises men’s CVaR95 to
$213,025 and at 4% lowers it to $163,868. Turning spend-
down off cuts the share ever on Medicaid from 15% and 23%
to 6% and 9% and raises CVaR95 to $193,566 and $251,851;
requiring income to meet none of the out-of-pocket cost raises
the Medicaid share to 19% and 29%; a $10,000 asset limit raises
it to 17% and 26%. The Medicaid rule therefore moves who
pays much more than it moves the total. Replacing the full
covariate model with the sex-only model raises the share ever
in long-term care to 47% and 61% and CVaR95 to $191,226
and $246,060.

Refitting the state definition

One variant re-estimates the transition model rather than
re-simulating it: folding nursing-home residence back into
severe disability at home, which is the five-state definition
this paper argues against. Because refits carry sex alone, the
comparison is with the sex-only model. Pooling gives $36,104
and $44,809 with CVaR95 $199,397 and $247,942, against
$35,760 and $45,178 with $191,226 and $246,060, and leaves
the share ever in long-term care at 46% and 61%, as it must,
since that share is the union of the two states either way. The
case for separating them is therefore not that pooling moves
the headline totals, which it does by about 1% in the mean and
4% in men’s tail, but that pooling hides where the money goes:
a state with annual out-of-pocket cost of about $4,000 and one
with about $18,000, with Medicaid covering a quarter of the
first and two-fifths of the second, are not one state.

Four further refits change the definition of long-term-
care need, the sample period or the likelihood. Lowering the
threshold for long-term care to two ADL limitations raises
the share of lives ever in long-term care from 47% and 61%
to 58% and 71%, and counting dementia (a 27-point cognition
score of 6 or less, or a reported diagnosis, carried forward
once observed because the score is missing in 2022 and the
diagnosis items begin in 2010) raises it to 57% and 69%. Neither
moves the money much: out-of-pocket means of $35,599 and
$44,382 at two ADLs and $35,489 and $45,302 with dementia,
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with CVaR95 of $191,305 and $240,045, and $188,082 and
$251,586. A wider definition brings people with lighter needs
into the state, so the share rises while the cost per person in it
falls. Restricting estimation to waves 9 to 16 (2008 to 2022)
lowers the tail to $183,424 and $232,429, 4% and 6% below
the sex-only row, consistent with the declining disability and
nursing-home entry the period extension in Section 6.9 finds.
Weighting the likelihood by the respondent weights gives
$35,274 and $44,275 with CVaR95 $187,408 and $240,359,
within 2% of the unweighted means. Across the five refits,
out-of-pocket means stay within 6% and CVaR95 within 6%
of the sex-only model, against a Monte Carlo standard error
of about $2,400 on CVaR95. The optimizer for the two-ADL
refit stopped at its evaluation limit; restarting it from a different
point and allowing four times as many iterations returned the
same log likelihood (—170,892.7) and the same headline figures
to within $20, so the reported values are at the maximum.

Extensions to the transition model

Table Al reports extensions that add a term to every one
of the 18 intensities of the full model and test it by likelihood
ratio. Each starts from the main model’s estimates with the
new terms at zero, and the table records whether the optimizer
converged. Three are reported. A fourth, a quadratic in age on
top of the spline, is not: the first attempt built the term from
age at the interval midpoint, which for a death row carries the
date of death, and the re-estimation with age at the start of the
interval had not converged after 29 hours and was stopped.
The spline already lets the intensities bend at 70 and 85, so
little rests on it.

Income

Adding indicators for the lowest and highest tertile of household
income improves the likelihood by 1,789.7 on 36 degrees of
freedom. Low income raises the intensity of moving from H to
D (hazard ratio 1.72), from C to D (1.43), from C to a nursing
home (1.66) and from C to death (1.41); high income lowers
the last two to 1.19 and 0.73. The effect on life expectancy is
large: starting from chronic illness at 65, a man in the lowest
tertile can expect 13.9 years and one in the highest 18.6, and
a woman 17.5 against 22.2. The main model has no income
term, so its income results in Section 6.5 carry differences in
composition, costs and Medicaid but not in health dynamics,
and the 2-year gap in life expectancy they show is less than
half of the 4.7 years this extension implies.

Duration

Adding an indicator for having been in the same state at
the previous interview, a coarse proxy for duration in state,
improves the likelihood by 3,046.3 on 18 degrees of freedom,
the largest improvement of any extension tried. Movements
between live states are strongly duration-dependent in the
expected direction: for someone already in the state two
years earlier, the intensity of moving from C to D is 0.41
of the intensity for a recent entrant, from D back to C 0.48,
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from L to D 0.41 and from a nursing home back to D 0.22.
Transitions happen soon after a change, and a Markov model
spreads them evenly.

Mortality is the exception, and it matters for Section 5.
The death intensity from the nursing home is unchanged by
the duration proxy (hazard ratio 1.03, interval 0.95 to 1.12), as
is the death intensity from severe disability at home (1.00) and
from disability (0.98). The model’s failure to fit deaths from the
nursing home is therefore not duration dependence in mortality.
The more likely explanation is unobserved heterogeneity:
nursing-home residents differ in frailty in ways the six states
and three covariates do not capture, so the observed group
dies faster than a common hazard predicts. A frailty or semi-
Markov specification is the next step, and it is a different model
rather than another term in this one.

Calendar time

Adding a linear term in interview year, per decade from 2010,
improves the likelihood by 354.8 on 18 degrees of freedom:
far less than income or duration, but not negligible. The trend
is toward less institutional care. Per decade, the intensity of
entering a nursing home falls to 0.70 of its level from chronic
illness, 0.70 from disability and 0.67 from severe disability
at home, and the intensity of dying from chronic illness falls
to 0.87. Recovery from disability to health also falls, to 0.50,
and deaths from disability and from the nursing home become
slightly more likely (1.13 and 1.07), consistent with people
reaching those states later and in worse health. Starting from
chronic illness at 65, life expectancy rises from 15.8 years in
1998 to 17.0 in 2022 for men and from 18.8 to 19.9 for women.
The main model pools the period, so it describes the average
of 1998 to 2022. Calibration to the 2023 life table corrects the
level of mortality but not the decline in nursing-home entry,
so for a cohort turning 65 now the model’s nursing-home use
is, if anything, too high; the waves 9 to 16 refit in Section 6.8,
with a tail 4% to 6% lower, points the same way.

DISCUSSION

For Medicare policy

How the HI gap is closed matters far less to the average
household than the rate at which costs grow, and matters
most to the few who need long-term care. A cut that falls on
post-acute and long-term-care services doubles the tail effect
of the same aggregate shortfall. The people at the front of that
queue are also those closest to Medicaid, so a shortfall passed
to households is partly a shortfall passed to state Medicaid
programs, which this model makes visible by letting eligibility
be reached rather than assumed.

For insurers and planners

Expected lifetime out-of-pocket cost is nearly flat across health
states at 65, but the tail is not, and the two long-term-care
states drive it. Products that cover long nursing-home stays or
the last year of life address exactly the part of the distribution
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that saving cannot cover, and the model’s state intensities,
calibrated to current mortality and reported with household-
clustered standard errors, can be used in pricing and reserving
with the covariate structure of Table 2. The flatness of lifetime
Medicare cost across entry states supports Lubitz et al. (2003)
on a newer panel with a payer split.

For households

A 65-year-old should expect a present value of out-of-pocket
care costs near $35,000 (men) or $44,000 (women) plus about
$33,000 of premiums, but should plan for a small chance of
five times that. For households in the lowest income tertile,
the realistic bad case is not a large bill; it is spending down to
Medicaid in the early eighties.

Questions a reader will ask

Why does expected out-of-pocket cost fall for people who
start in worse health?

Because Medicaid takes over for many of them and because
they live fewer years; the tail, not the mean, is where their
risk shows.

Does the nursing-home misfit invalidate the results?

It biases years in N upward and deaths from N downward,
so lifetime nursing-home cost is overstated rather than
understated. Section 6.9 shows the cause is not duration in
state, which leaves nursing-home mortality unchanged, but
heterogeneity the model does not observe.

Why is the model’s nursing-home use so far below published
lifetime figures?

Because a biennial interview sees residence, not admissions;
the state should be read as long residence.

Why not weight the likelihood?

Panel multi-state models are conventionally fitted unweighted
with composition carried by covariates; a weighted-likelihood
variant is reported in Section 6.8.

Why is Medicaid modeled by assets alone?

Because HRS gives assets and income but not the state-
specific eligibility tests; the rule is an exposure measure, and
the validation against HRS long-term-care person-years on
Medicaid shows it lands close for women and low for men.

Limitations

Six matter most. First, the model is Markov in age and
homogeneous within a state: movements between live states are
strongly duration-dependent (Section 6.9), and deaths from the
nursing home are underpredicted by an amount that duration
does not explain, which points to frailty the model does not
observe. Second, the MCBS Cost Supplement excludes facility,
hospice and institutional events, so Medicare cost in the long-
term-care states is understated even after scaling, and the Part
A share omits skilled nursing. Third, out-of-pocket draws come
from HRS self-reports, which are known to understate some
categories and to be measured with error (Fahle, McGarry
and Skinner, 2016); the comparison with published end-of-life
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estimates suggests the level here is low by roughly a third.
Fourth, the spend-down rule ignores spousal protections, home
equity, look-back rules and state variation, and the model has no
spouse: every life is simulated alone. Fifth, the main model has
no calendar trend: Section 6.9 finds nursing-home entry falling
by about 30% a decade while life expectancy rises, so the
pooled model overstates institutional use for a cohort turning
65 in 2026 while calibration to a period table understates its
longevity, and there is no trend in long-term-care prices. Sixth,
the main transition model has no income term; the extension
in Section 6.9 shows that the income results of Section 6.5,
which carry composition and costs but not differential health
dynamics, understate the gap between tertiles. Linked HRS-
Medicare claims would address the second and third and are
the natural next step.

CONCLUSION

A six-state model fitted to 24 years of HRS panel data,
calibrated to current mortality, linked to payer-specific costs
and allowed to reach Medicaid through spend-down shows that
the expected lifetime cost of aging varies little with health at
65 while its tail varies enormously; that the tail is made of long
nursing-home stays and the last year of life, and is truncated
for poorer households only by Medicaid; and that a partial
pass-through of Medicare’s Part A shortfall matters far less
to households than the long-run growth of costs, unless the
shortfall is concentrated on long-term care, in which case it
hits precisely the households already at risk. The released code
rebuilds every number, and the calculator puts the results in
front of the people who carry the risk.
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