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Objective. To estimate the relationship between variations in medical spending and
health outcomes of the elderly.
Data Sources. 1992–2002 Medicare Current Beneficiary Surveys.
Study Design. We used instrumental variable (IV) estimation to identify the relation-
ships between alternative measures of elderly Medicare beneficiaries’ medical spending
over a 3-year observation period and health status, measured by the Health and Activity
Limitation Index (HALex) and survival status at the end of the 3 years. We used the
Dartmouth Atlas End-of-Life Expenditure Index defined for hospital referral regions in
1996 as the exogenous identifying variable to construct the IVs for medical spending.
Data Collection/Extraction Methods. The analysis sample includes 17,438 elderly
(age464) beneficiaries who entered the Medicare Current Beneficiary Survey in the fall of
each year from 1991 to 1999, were not institutionalized at baseline, stayed in fee-for-service
Medicare for the entire observation period, and survived for at least 2 years. Measures of
baseline health were constructed from information obtained in the fall of the year the
person entered the survey, and changes in health were from subsequent interviews over the
entire observation period. Medicare and total medical spending were constructed from
Medicare claims and self-reports of other spending over the entire observation period.
Principal Findings. IV estimation results in a positive and statistically significant
relationship between medical spending and better health: 10 percent greater medical
spending over the prior 3 years (mean 5 U.S.$2,709) is associated with a 1.9 percent
larger HALex value (p 5 .045; range 1.2–2.2 percent depending on medical spending
measure) and a 1.5 percent greater survival probability (p 5 .039; range 1.2–1.7 percent).
Conclusions. On average, greater medical spending is associated with better health
status of Medicare beneficiaries, implying that across-the-board reductions in Medicare
spending may result in poorer health for some beneficiaries.
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A significant body of recent research reports wide variations in Medicare
spending per beneficiary across geographic areas, but with little apparent
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variation in the quality of care or health outcomes (Skinner, Fisher, and
Wennberg 2005; Wennberg et al. 2008; Fisher et al. 2009). Based on this
research, policy makers have considered proposals that would limit Medicare
payments in high-cost areas or pay bonuses in low-cost areas (Congressional
Budget Office [CBO] 2008; U.S. Senate Committee on Finance 2009; Abelson
and Harris 2010).

Although prior research has studied people who age into Medicare and
found that greater medical care use following Medicare coverage improved
health (Lichtenberg 2002; McWilliams et al. 2007a, b, 2003; Card, Dobkin, and
Maestas 2009), none of these studies is directly relevant to the question of
whether variations in medical spending for people already covered by Medicare
affect their health. Earlier studies that found a positive relationship between
medical spending and health at the geographic level may be out of date (Hadley
1982; Hadley 1988). More recently, studies by Doyle (2008) and Martin, Rice,
and Smith (2008) used instrumental variable (IV) analysis and found that people
treated in higher spending areas had better health outcomes, but neither focused
only on the Medicare population. Kaestner and Silber (2010) estimated a positive
relationship between Medicare spending and health outcomes, but only for
hospitalized patients with particular medical conditions.

Like these recent studies, we use IV analysis to investigate the relation-
ship between medical spending and health using data on individual Medicare
beneficiaries. If a person-level analysis also finds no relationship between
medical spending and health of the elderly, it will reinforce the finding of
Medicare inefficiencies drawn from geographic analyses (Fisher et al. 2009).

METHODS

Data

The analysis sample includes 17,438 Medicare beneficiaries drawn from the
Medicare Current Beneficiary Survey (MCBS) (Adler 1998), which uses a
rotating panel design and conducts multiple interviews over approximately
3.5 years. Baseline health information is obtained in the fall of the year the
person enters the survey. Medical spending information is collected over the
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next 3 calendar years from Medicare claims and self-reports of other spending.
Health information is updated periodically over the 3.5 years.

The sample consists of elderly (age 464) beneficiaries who entered the
MCBS in the fall of each year from 1991 to 1999, were not institutionalized at
baseline, stayed in fee-for-service Medicare for the entire observation period,
and survived for at least 2 years.1 (Note that this last criterion does not create a
selected sample based on prior health, because every new random sample
requires that people be alive at the beginning of the survey period.) Final
health status is measured at the end of each person’s third year in the MCBS
(from 1994 to 2002).

Conceptual Framework

Statistical estimation of the effect of medical spending on health faces signifi-
cant challenges. Foremost is the endogeneity or observational data bias prob-
lem that typically characterizes nonexperimental data (Newhouse and
McClellan 1998; McClellan and Newhouse 2000). Poor initial health gener-
ally leads to high medical spending, which confounds the ability to detect the
effect of medical spending on health because people in poor initial health often
have worse health outcomes than people in good initial health. Consequently,
absent randomly assigning people to receive different amounts of medical
care, empirical estimation with observational data typically finds that people
who use more medical care have worse health outcomes (Hadley 2003). An-
other confounding factor, especially among the elderly, is that medical care’s
primary impact may often be to slow the rate of health deterioration relative to
what it would have been without medical intervention, rather than reestab-
lishing or improving their initial health state. Thus, inadequate risk adjust-
ment as a control for the expected health outcome can also lead to biased
conclusions.

Based on these considerations and the nature of our data, we specify the
empirical analysis as the IV estimation of a first-stage medical spending equa-
tion and a second-stage health outcome equation. We define the health out-
come as final health at the end of a 3-year observation period (FH3) and note that
we observe a vector of health conditions (Ht) at various times over the prior
3 years (t 5 1, 2, 3). Medical spending is observed annually over
the 3 years and is measured in alternative specifications as either spending
in year 3 (M3) or cumulative spending over the 3 years (M 5SMt).

Equation (1) posits that final health at the end of year 3 (FH3) is a function
of a vector of health measures from the three prior time periods (Ht), medical
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spending (either contemporaneous, M3, or cumulative, M), other exogenous
factors (X) that affect health (and may be measured at baseline and/or during
the observation period), and a random error term v. Equation (2) posits that
medical spending (represented here by cumulative medical spending M) is a
function of the expected final health outcome (FH3), contemporaneous and
prior health conditions, exogenous factors that affect health, and exogenous
factors that influence medical spending but not health (Z):

FH3 ¼ f ðM ; H t ; X ; vÞ; t ¼ 1; 2; 3: ð1Þ

M ¼ g ðFH3; H t ; X ; Z ; uÞ; t ¼ 1; 2; 3: ð2Þ

Because expected final health is not observed over the time period during
which M is measured, the error term u in an observational analysis is replaced
by u� ¼ hðu; FH3Þ, which results in the estimating equation

M ¼ g ðH t ; X ; Z ; u�Þ; t ¼ 1; 2; 3: ð2�Þ

Comparing equations (1) and (2n) illustrates the source of the observational
data bias. A person with a poor expected final health outcome, presumably as
a function of prior health conditions, some of which are not observed, may be
likely to use more medical care than someone with a good expected final
health outcome. Thus, M in equation (1) depends on FH3 through the error
term u�in equation (2n).

IV estimation addresses the potential bias in estimating equation (1)
using the variation in M caused by Z, which is independent of health, to create
an ‘‘instrument’’ M �generated from equation (2n) and substituting M � for
actual medical spending in equation (1). A positive coefficient on M � in equa-
tion (1) implies that the person’s health improves with increased medical
spending.

Measuring medical spending by M, cumulative spending over 3 years,
reflects the assumption that health at any point in time depends on medical
expenditures over multiple time periods, not just the current time period.
Ideally, one might try to specify the model as an explicit multiperiod model
with repeated annual observations on each person and a dynamic relationship
between health at the end of each period and current and lagged medical
spending over multiple prior periods. Estimating such a model would be
complex because of potentially correlated errors over time and the probable
need to develop IV estimates of each year’s medical spending. Moreover,
because the MCBS sample structure limits the observation period to 3 years,
the number of observations per person would be very small.
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Defining M as cumulative spending over the 3 observation years in the
MCBS represents a simplification of this more complicated underlying ap-
proach to thinking about the relationship between health and medical spend-
ing. However, in order to parallel most previous research and to assess the
sensitivity of the results to alternative definitions of the medical spending
variable, we estimate alternative versions of the model. One measures medical
spending during year 3 only, M3. In a second set of alternative specifications,
we replace M, medical spending from all sources, by Medicare spending,
either in year 3 (MCR3) or cumulative over the entire 3-year observation
period (MCR).

Variables and Empirical Specification

Dependent Variables. We use two measures of the final health outcome (FH3).
One is a dichotomous measure of whether the person survived to the end of
the third year in the MCBS. The other is the Health and Activity Limitations
Index (HALex) value at end of the observation period. The HALex is ‘‘. . .
a generic measure of health that that consists of two sets of attributes:
perceived health and activity limitation. Using a multiattribute utility scoring
system, information from these attributes was combined to form a single score
that represents health-related quality of life on a 0 to 1 continuum’’ (Erickson,
Wilson, and Shannon 1995; Erickson 1998). Perceived health is measured by
self-reported general health status (excellent, very good, good, fair, poor), and
activity limitations are measured by responses to questions about
instrumental activities of daily living (IADLs) and activities of daily living
(ADLs), for example, ability to walk several blocks, do heavy or light
housework, dress, bathe, get into and out of chairs and beds, and feed oneself.
HALex values range from 0.995 for someone in excellent health with no
limitations to 0.1 for someone in poor health with ADL limitations. People
who die are assigned a HALex value of 0.

Medical Spending. Medical spending is defined alternatively as total medical
spending (Medicare program spending plus spending from all other sources)
and Medicare program spending, both over the entire observation period
and during the third year only. The Medicare portion of total spending is
based on Medicare claims data and captures Medicare program payments.
Spending from other sources, such as out-of-pocket or supplementary
insurance, is self-reported. The spending data are expressed in 2002 dollars
after adjusting for cross-sectional price differences using the Medicare
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inpatient hospital wage index, and secular price inflation using the medical
care component of the consumer price index.2

Exogenous Identifying Variable. Specification of the exogenous identifying
instrument, Z, is guided by three criteria: the instrument should be strongly
correlated with the endogenous spending variable; it should be uncorrelated
with health, other than through its impact on spending, or with unobserved
factors that affect health; and there should be a plausible and convincing
rationale for its hypothesized relationships with spending and health. The first
criterion, instrument strength, is generally satisfied by an F-statistic � 10
from testing the hypothesis that the instrument coefficients are jointly equal to
0 in the first-stage spending equation, and by a meaningful partial R2 (Staiger
and Stock 1997). A ‘‘weak’’ instrument (Fo5) signals that the estimated
coefficient in the second-stage equation may be biased toward the ordinary
least squares (OLS) result. The second criterion, the excludability restriction,
cannot be tested when the model is just identified by a single exogenous
instrument. Ultimately, the third criterion is the most important because it
justifies the relationships assessed by the statistical tests.

Given the considerable controversy over instrument selection
(Chandra, Fisher, and Skinner 2007), we specified the instrument as the
Dartmouth Atlas End-of-Life Expenditure Index (EOLEI) (Fisher et al.
2003a, b), which was constructed by measuring Medicare spending in the last
6 months of life for beneficiaries grouped by geographic area——hospital
referral regions (HRRs) constructed by the Dartmouth Atlas (Wennberg and
Cooper 1998). EOLEI values for 1996, the middle of our observation period,
were assigned to individual beneficiaries based on their residential zip code,
which was matched to a list of zip codes by HRR.

Although the use of the EOLEI as a risk adjuster has been criticized on
the grounds that decedents do not all have the same health status over the 6
months preceding death (Bach, Schrag, and Begg 2004; Neuberg 2009; Ong
et al. 2009; Bach 2010), the EOLEI may still be an adequate instrument for
this analysis because (1) it is defined at the area level for a single year, while
our data are for individuals over a 12-year period and (2) it is constructed from
data from an essentially nonoverlapping population. To be credible as an
instrument, the EOLEI must be significantly related to our measures of
individuals’ spending without being directly related to their health outcomes.
This will be the case if exogenous geographic factors, such as the number and
mix of medical specialists, the presence of major centers of medical education
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and health research, the extent of competition among physicians and
hospitals, and the local regulatory environment, all of which arguably
influence practice patterns and, therefore, medical spending, also influence
variations in the EOLEI, even if the end-of-life population used to construct
the index does not control perfectly for variations in populations’ health
across geographic areas.

Ultimately, the plausibility of the EOLEI as an instrument depends on
the extent to which it captures variations in practice patterns rather than
variations in the health of people at the end-of-life. While this question cannot
be resolved fully, numerous studies have shown that the EOLEI varies
considerably with local medical capacity and the mix of medical specialties
and teaching hospitals, suggesting that it is a plausible indicator of geographic
differences in practice patterns (Center for Clinical Evaluative Studies 1999;
Sirovich et al. 2008; Wennberg et al. 2008; Baicker and Chandra 2009). We
also conduct sensitivity tests that use transformations of the continuous
EOLEI values into dummy categorical variables representing deciles of the
EOLEI (which is similar to the approach used by Fisher et al. 2003a, b), mean
values of the EOLEI by decile, and a decile rank variable that takes values
from 1 to 10 corresponding the decile grouping of HRRs by the value of the
EOLEI.3 These alternatives should be less strongly correlated with
individuals’ health outcomes than the continuous EOLEI.

Prior Health and Other Exogenous Control Variables. The vector Ht t 5 1, 2, 3
represents initial health at entry to the MCBS and intermediate health
changes, which are measured by 43 variables collected at baseline and
at the ends of survey years 1 and 2 (see Table 1). These variables include
baseline measures of smoking status and body mass index, and baseline and
annual measures of self-reported health status, activity limitations, and
specific health conditions (diabetes, heart disease, skin cancer, other cancers,
stroke, high blood pressure, arteriosclerosis, and arthritis). Because of the
large number of variables measuring prior health, we summarize for
convenience the annual changes in self-reported health status and activity
limitations between baseline, the end of year 1, and the end of year 2 by
calculating the changes in the corresponding HALex values at each of those
observation points.

Other factors that influence both medical spending and health outcome
(the X variables) include age (dummy variables for ages 68–70, 71–74, 75–79,
80–84, and 851, relative to age 65–67), gender, race, and ethnicity (dummy
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Table 1: Mean Values of Study Variables

Variable (N 5 17,438) Mean SD

Health outcome measures
Final HALex value 0.610 0.313
Survival (%) 95.211 21.354

Medical spending measures (U.S.$1,000s)
Total spending, all years 27.092 37.927
Total spending, year 3 10.387 18.469
Medicare spending, all years 16.203 28.294
Medicare spending, year 3 6.324 14.506

Prior health status
Self-reported general health status (reference 5 excellent)

Very good 0.285 0.451
Good 0.302 0.459
Fair 0.159 0.366
Poor 0.056 0.230
Any ADL 0.276 0.447
Any IADL 0.339 0.473

Change in HALex, baseline to year 1 0.007 0.221
Change in HALex, year 1–year 2 � 0.012 0.217

Conditions
Had hardening of the arteries at baseline 0.097 0.296
Developed hardening of the arteries, year 1 0.021 0.144
Developed hardening of the arteries, year 2 0.021 0.144
Had hypertension at baseline 0.484 0.500
Developed hypertension, year 1 0.045 0.207
Developed hypertension, year 2 0.038 0.191
Had heart attack at baseline 0.122 0.328
Developed heart attack, year 1 0.015 0.122
Developed heart attack, year 2 0.015 0.122
Had angina pectoris or other coronary heart disease at baseline 0.115 0.319
Developed angina or coronary heart disease, year 1 0.022 0.147
Developed angina or coronary heart disease, year 2 0.020 0.141
Had other heart conditions at baseline 0.217 0.412
Developed other heart condition, year 1 0.048 0.214
Developed other heart condition, year 2 0.044 0.205
Had stroke or brain hemorrhage at baseline 0.082 0.274
Developed stroke or brain hemorrhage, year 1 0.020 0.139
Developed stroke or brain hemorrhage, year 2 0.034 0.182
Had skin cancer at baseline 0.157 0.364
Developed skin cancer, year 1 0.026 0.160
Developed skin cancer, year 2 0.032 0.176
Had other cancer at baseline 0.152 0.359
Developed cancer, year 1 0.019 0.138
Developed cancer, year 2 0.020 0.139
Had diabetes at baseline 0.133 0.339
Developed diabetes, year 1 0.038 0.192
Developed diabetes, year 2 0.067 0.249

continued
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Table 1. Continued

Variable (N 5 17,438) Mean SD

Additional health variables
Proxy respondent 0.057 0.231
Current smoker 0.138 0.345
Former smoker 0.418 0.493
LT 10th percentile of body mass index (reference 5 25th–75th

percentile)
0.085 0.279

10th–25th percentile of body mass index 0.151 0.358
GT 75th percentile of body mass index 0.248 0.432
Upper body limitation (some or lot of difficulty, or unable) 0.275 0.447
Lower body limitation (some or lot of difficulty, or unable) 0.479 0.500

Education (reference 5 LT high school)
High school graduate 0.376 0.484
Some college 0.145 0.352
College graduate 0.144 0.351

Family income (reference 5 LT U.S.$10,000)
U.S.$10,000–20,000 0.290 0.454
U.S.$20,000–30,000 0.210 0.408
U.S.$30,000–40,000 0.123 0.328
U.S.$40,000 or more 0.201 0.401

Age (reference 5 65–67)
68–70 0.168 0.374
71–74 0.200 0.400
75–79 0.217 0.412
80–84 0.125 0.331
85 or older 0.068 0.251
Female (reference 5 male) 0.596 0.491

Race/ethnicity (reference 5 white non-Hispanic)
Asian 0.010 0.099
African American 0.073 0.260
White Hispanic 0.028 0.165
Other race 0.016 0.124

Year 4.560 2.824
Exogenous identifying variables

EOLEI 11.544 1.925
EOLEI decile mean 11.538 1.895
EOLEI decile rank 5.366 2.882
EOLEI decile dummies (reference 5 decile 1)

Decile 2 0.105 0.306
Decile 3 0.114 0.318
Decile 4 0.098 0.297
Decile 5 0.102 0.302
Decile 6 0.094 0.292
Decile 7 0.094 0.292
Decile 8 0.095 0.294
Decile 9 0.097 0.295
Decile 10 0.095 0.293

ADL, activities of daily living; EOLEI, End-of-Life Expenditure Index; HALex, Health and
Activity Limitation Index; IADL, instrumental activities of daily living.
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variables for African American, Asian, white Hispanic, and other race,
relative to white non-Hispanic), education (dummy variables for 12, 13–15,
and 161 years of education, relative to o12 years of education), and family
income (dummy variables for U.S.$10,000–20,000, U.S.$20,000–30,000,
U.S.$30,000–40,000, and U.S.$40,0001, relative to oU.S.$10,000).

All models also include a continuous measure of time4 (Year) as a
control for the average annual impact of unmeasured or unobservable
changes in technology, government policies, personal health behaviors, and
environmental factors (weather, air quality, infectious diseases) that vary over
time and influence both spending and the health outcomes.

All linear IV models were estimated using the STATA IVREG2 routine
(Baum, Schaffer, and Stillman 2007). The IV survival models were estimated
using the two-stage residual inclusion method (Terza, Basu, and Rathouz
2008), because the health outcome model is specified as a logistic function. As
a special case of a conventional two-stage optimization estimator, the 2SRI
estimates have the same desirable asymptotic properties of the class including
unbiased standard errors (Terza, Basu, and Rathouz 2008).5 MCBS cross-
sectional survey sampling weights were used in the estimation, and the
reported standard errors in both types of analysis are robust to
heteroskedasticity. We also tested our results for sensitivity to sample
design effects using MCBS’s replicate weights. We found no reduction in
p-values on our key coefficient estimates, but because our sample consisted of
pooled observations across multiple years of the survey, it is not clear that the
replicate weights were any more appropriate than the base weights for
standard error calculations.

RESULTS

Table 1 reports the mean values of the study variables. Average total medical
spending over the 3-year observation period was U.S.$27,092. Total Medicare
spending was 40 percent lower, U.S.$16,203. Total spending in the third year
accounted for nearly 40 percent of all spending, essentially because the third
year includes end-of-life spending for beneficiaries who died during that year.
Medicare and total spending are highly correlated within the two observa-
tional time periods (r 5 0.92), but less highly correlated across time periods:
the correlations between cumulative total spending over the 3 years and year 3
total or Medicare spending are 0.78 and 0.67.
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At baseline, 15.9 percent of the sample reported fair health and 5.6
percent poor health, and about 30 percent reported an ADL or an IADL
limitation. Almost half the sample had hypertension, and between 12–15
percent reported having had a heart attack, a stroke, or a nonskin cancer. Just
over 95 percent of the sample survived to the end of the observation period
and the average final HALex value was 0.61.

Table 2 reports the results of the various sensitivity tests of the alternative
specifications of the EOLEI instrument in the IV estimation, as well as the
OLS estimate of the medical spending coefficient in the health outcome
model. Medical spending is measured as total medical spending from all
sources over the 3-year observation period in these models. We limit these
sensitivity tests to the HALex outcome because both the first and second-stage
models are linear.

As expected, the OLS estimate is negative and highly significant. It
implies that a 10 percent higher level of medical spending is associated with a
0.6 percent smaller final HALex value, that is, beneficiaries with higher
spending have poorer health outcomes.

In contrast, the first IV estimate, based on the continuous EOLEI
instrument, suggests that greater medical spending is associated with a sig-
nificantly higher (better) final HALex value: a 10 percent higher level of
medical spending is associated with a 1.93 percent (p 5 .045) larger final

Table 2: Estimates of Medical Spending’s Relationship to Health Outcome
(Final HALex Value), by Alternative Estimation Methods and Instru-
mental Variables

Instrument Tests

Estimation
Method and
Instruments
(N 5 17,438)

Medical
Spending
Coefficient p-Value

First-Stage
F-Test of
Excluded

Instrument

Partial R2 of
First-Stage
Instrument

OLS � 0.0013 o.001 NA
IV (by instruments)
a. Continuous EOLEIn 0.0043 .045 16.45 0.0009
b. EOLEI decile means 0.0042 .056 15.36 0.0009
c. EOLEI decile rank 0.0040 .053 16.86 0.0010
d. EOLEI decile dummies 0.0016 .231 2.93 0.0016

nEOLEI (by hospital referral region; from the 1996 Dartmouth Atlas).

EOLEI, End-of-Life Expenditure Index; HALex, Health and Activity Limitation Index; IV,
instrumental variable; OLS, ordinary least squares.
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HALex value. Moreover, the instrument test statistic indicates that the con-
tinuous EOLEI exceeds the rule-of-thumb F-value of 10 for significance in the
first-stage spending equation. The partial R2 value in the first-stage is relatively
small, but this reflects the substantial explanatory power of the lagged health
variables in explaining medical spending. (If the prior health variables are
excluded, then the instrument accounts for 10 percent of the explainable
variation in medical spending.)

Specifying the instrument as the mean EOLEI value by decile of the
EOLEI or as the decile rank of the beneficiary’s HRR has essentially no effect
on the magnitude or quality of the IV estimate of the medical spending co-
efficient. When the EOLEI is transformed into a set of dummy variables
representing deciles of its values, the specification does not satisfy the weak
instrument test (F 5 2.93 for the test of excluded instruments in the first-stage
model) and the medical spending coefficient falls in magnitude by more than
60 percent to 0.0016, suggesting that the weak instrument biases the coefficient
toward the OLS value. Given the weakness of the dummy variable specifi-
cation and the similarity of the results for the other options, we used the
continuous EOLEI instrument in all subsequent model specifications.

Tables 3 and 4 report the complete sets of coefficient estimates for the
OLS and IV models for the two health outcome measures.6 In Table 3 the first-
stage spending model shows that spending increases with the value of the
EOLEI and with time (Year). The mean value of the EOLEI differs by
U.S.$6,593 between the 1st and 10th deciles of HRRs sorted by EOLEI (from
U.S.$8,644 in the 1st decile to U.S.$15,237 in the 10th decile). With detailed
health and demographic factors held constant, the coefficient of the EOLEI
implies that a U.S.$1,000 increase in the value of the EOLEI is associated with
a U.S.$545 increase in total medical spending. In effect, the instrument
accounts for a difference in spending of about U.S.$3,600 (13.3 percent of
average total spending over the 3 years) between beneficiaries in the least and
most costly deciles of the HRRs.

Other variables in the spending model indicate that total medical
spending increases with education, family income, and age. Women spend
less than men, and racial/ethnic minorities spend less than whites, although
the differences are statistically significant only for Asians and for other races.
The health variables show that spending increases as health worsens and
that the implications for spending vary with both the type and timing of the
disease or condition. For example, beneficiaries who reported at baseline that
they had had a heart attack or cancer had U.S.$3,500–U.S.$4,300 higher
spending than someone without either condition at baseline. However,

1344 HSR: Health Services Research 46:5 (October 2011)



T
ab

le
3:

In
st

ru
m

en
ta

l
V

ar
ia

b
le

s
(I

V
)

an
d

O
rd

in
ar

y
L

ea
st

Sq
ua

re
s

(O
L

S)
E

st
im

at
es

of
M

ed
ic

al
Sp

en
d

in
g

(C
um

ul
at

iv
e

T
ot

al
)

an
d

H
ea

lt
h

O
ut

co
m

es
(F

in
al

H
A

L
ex

)
M

od
el

s

IV
O

L
S

F
ir

st
-S

ta
ge

Sp
en

di
ng

M
od

el
Se

co
nd

-S
ta

ge
H

ea
lth

O
ut

co
m

e
M

od
el

H
ea

lt
h

O
ut

co
m

e
M

od
el

V
ar

ia
bl

e
(N

5
17

,4
38

)
C

oe
ffi

ci
en

t
t

C
oe

ffi
ci

en
t

z
C

oe
ffi

ci
en

t
t

M
ed

ic
al

sp
en

d
in

g
(U

.S
.$

1,
00

0s
)

0.
00

43
b

2.
00

�
0.

00
13

a
�

18
.0

0
E

O
L

E
I

(e
xo

ge
n

ou
s

id
en

ti
fy

in
g

va
ri

ab
le

)
0.

54
5a

4.
06

P
ri

or
h

ea
lt

h
st

at
us

Se
lf-

re
p

or
te

d
ge

n
er

al
h

ea
lt

h
st

at
us

(r
ef

er
en

ce
5

ex
ce

lle
n

t)
V

er
y

go
od

3.
42

7a
6.

01
�

0.
09

0a
�

9.
42

�
0.

07
1a

�
14

.5
3

G
oo

d
6.

52
3a

9.
58

�
0.

18
0a

�
11

.3
3

�
0.

14
3a

�
27

.2
9

F
ai

r
15

.3
12

a
13

.6
4

�
0.

35
0a

�
10

.1
1

�
0.

26
3a

�
37

.6
4

P
oo

r
24

.8
01

a
11

.3
1

�
0.

45
0a

�
8.

04
�

0.
30

9a
�

32
.5

4
A

n
y

A
D

L
10

.7
21

a
11

.9
6

�
0.

20
8a

�
8.

70
�

0.
14

8a
�

27
.0

4
A

n
y

IA
D

L
8.

02
2

9.
76

�
0.

19
6a

�
10

.4
0

�
0.

15
1a

�
28

.1
7

C
h

an
ge

in
H

A
L

ex
,b

as
el

in
e

to
ye

ar
1

�
37

.4
62

a
�

20
.8

7
0.

66
8a

8.
14

0.
45

6a
40

.9
1

C
h

an
ge

in
H

A
L

ex
,y

ea
r

1–
ye

ar
2

�
24

.7
53

a
�

15
.0

2
0.

46
2a

8.
39

0.
32

2a
29

.8
6

C
on

d
iti

on
s

H
ad

h
ar

d
en

in
g

of
th

e
ar

te
ri

es
at

b
as

el
in

e
0.

68
2

0.
57

�
0.

00
7

�
0.

73
�

0.
00

2
�

0.
41

D
ev

el
op

ed
h

ar
d

en
in

g
of

th
e

ar
te

ri
es

,y
ea

r
1

6.
89

6b
2.

31
�

0.
02

5
�

0.
99

0.
01

5
1.

19
D

ev
el

op
ed

h
ar

d
en

in
g

of
th

e
ar

te
ri

es
,y

ea
r

2
9.

45
0a

3.
59

�
0.

05
9b

�
2.

14
�

0.
00

5
�

0.
39

H
ad

h
yp

er
te

n
si

on
at

b
as

el
in

e
1.

00
0c

1.
72

�
0.

01
8a

�
3.

20
�

0.
01

2a
�

3.
13

co
nt

in
ue

d

Medical Spending and Elderly Health 1345



T
ab

le
3:

C
on

ti
nu

ed

IV
O

L
S

F
ir

st
-S

ta
ge

Sp
en

di
ng

M
od

el
Se

co
nd

-S
ta

ge
H

ea
lt

h
O

ut
co

m
e

M
od

el
H

ea
lth

O
ut

co
m

e
M

od
el

D
ev

el
op

ed
h

yp
er

te
n

si
on

,y
ea

r
1

2.
51

2c
1.

71
�

0.
02

8b
�

2.
14

�
0.

01
4

�
1.

55
D

ev
el

op
ed

h
yp

er
te

n
si

on
,y

ea
r

2
4.

75
9a

2.
99

�
0.

03
6b

�
2.

20
�

0.
00

8
�

0.
92

H
ad

h
ea

rt
at

ta
ck

at
b

as
el

in
e

4.
32

9a
3.

91
�

0.
02

7b
�

2.
14

�
0.

00
3

�
0.

47
D

ev
el

op
ed

h
ea

rt
at

ta
ck

,y
ea

r
1

16
.5

64
a

5.
17

�
0.

09
4b

�
2.

21
0.

00
0

0.
01

D
ev

el
op

ed
h

ea
rt

at
ta

ck
,y

ea
r

2
14

.2
76

a
4.

28
�

0.
05

6
�

1.
47

0.
02

5c
1.

72
H

ad
an

gi
n

a
p

ec
to

ri
s

or
ot

h
er

co
ro

n
ar

y
h

ea
rt

d
is

ea
se

at
b

as
el

in
e

4.
49

3a
3.

95
�

0.
02

3c
�

1.
72

0.
00

3
0.

50
D

ev
el

op
ed

an
gi

n
a

or
co

ro
n

ar
y

h
ea

rt
d

is
ea

se
,y

ea
r

1
1.

95
6

0.
93

0.
00

5
0.

30
0.

01
7

1.
37

D
ev

el
op

ed
an

gi
n

a
or

co
ro

n
ar

y
h

ea
rt

d
is

ea
se

,y
ea

r
2

9.
79

2a
3.

70
�

0.
03

9
�

1.
39

0.
01

7
1.

28
H

ad
ot

h
er

h
ea

rt
co

n
d

it
io

n
s

at
b

as
el

in
e

4.
07

1a
5.

44
�

0.
02

8b
�

2.
55

�
0.

00
5

�
1.

11
D

ev
el

op
ed

ot
h

er
h

ea
rt

co
n

d
it

io
n

,y
ea

r
1

11
.9

92
a

7.
02

�
0.

07
0b

�
2.

40
�

0.
00

2
�

0.
28

D
ev

el
op

ed
ot

h
er

h
ea

rt
co

n
d

it
io

n
,y

ea
r

2
5.

31
9a

3.
57

�
0.

05
6a

�
3.

32
�

0.
02

5a
�

3.
01

H
ad

st
ro

ke
or

b
ra

in
h

em
or

rh
ag

e
at

b
as

el
in

e
0.

91
2

0.
70

�
0.

02
1b

�
2.

13
�

0.
01

6b
�

2.
55

D
ev

el
op

ed
st

ro
ke

or
b

ra
in

h
em

or
rh

ag
e,

ye
ar

1
13

.6
69

a
4.

10
�

0.
08

1b
�

2.
32

�
0.

00
5

�
0.

44
D

ev
el

op
ed

st
ro

ke
or

b
ra

in
h

em
or

rh
ag

e,
ye

ar
2

8.
40

5a
4.

11
�

0.
07

1a
�

2.
99

�
0.

02
4b

�
2.

29
H

ad
sk

in
ca

n
ce

r
at

b
as

el
in

e
�

0.
09

8
�

0.
11

0.
00

1
0.

18
0.

00
1

0.
19

D
ev

el
op

ed
sk

in
ca

n
ce

r,
ye

ar
1

�
3.

23
7c

�
1.

94
0.

01
5

0.
95

�
0.

00
3

�
0.

28
D

ev
el

op
ed

sk
in

ca
n

ce
r,

ye
ar

2
0.

01
8

0.
01

�
0.

01
4

�
1.

07
�

0.
01

4
�

1.
42

H
ad

ot
h

er
ca

n
ce

r
at

b
as

el
in

e
3.

53
7a

4.
29

�
0.

03
6a

�
3.

51
�

0.
01

6a
�

3.
26

D
ev

el
op

ed
ca

n
ce

r,
ye

ar
1

12
.0

42
a

5.
17

�
0.

07
3b

�
2.

20
�

0.
00

5
�

0.
32

D
ev

el
op

ed
ca

n
ce

r,
ye

ar
2

20
.4

94
a

8.
69

�
0.

13
5a

�
2.

78
�

0.
01

9
�

1.
27

H
ad

d
ia

b
et

es
at

b
as

el
in

e
10

.2
06

a
9.

47
�

0.
08

7a
�

3.
71

�
0.

02
9a

�
5.

27

1346 HSR: Health Services Research 46:5 (October 2011)



D
ev

el
op

ed
d

ia
b

et
es

,y
ea

r
1

�
0.

47
3

�
0.

38
�

0.
02

4b
�

2.
14

�
0.

02
7a

�
2.

95
D

ev
el

op
ed

d
ia

b
et

es
,y

ea
r

2
�

1.
43

7
�

1.
54

�
0.

03
0a

�
3.

11
�

0.
03

8a
�

5.
13

A
d

d
it

io
n

al
h

ea
lth

va
ri

ab
le

s
P

ro
xy

re
sp

on
d

en
t

5.
80

7a
3.

45
�

0.
05

0a
�

2.
95

�
0.

01
6b

�
2.

17
C

ur
re

n
t

sm
ok

er
1.

84
9b

2.
00

�
0.

04
0a

�
4.

40
�

0.
02

9a
�

4.
84

F
or

m
er

sm
ok

er
2.

06
3a

3.
55

�
0.

01
6b

�
2.

33
�

0.
00

4
�

1.
05

L
T

10
th

p
er

ce
n

ti
le

of
b

od
y

m
as

s
in

d
ex

(r
ef

er
en

ce
5

25
th

–7
5t

h
p

er
ce

n
ti

le
)

1.
15

1
0.

99
�

0.
02

5a
�

2.
65

�
0.

01
8a

�
2.

86

10
th

–2
5t

h
p

er
ce

n
ti

le
of

b
od

y
m

as
s

in
d

ex
�

0.
72

6
�

1.
02

�
0.

00
9

�
1.

32
�

0.
01

3b
�

2.
52

G
T

75
th

p
er

ce
n

ti
le

of
b

od
y

m
as

s
in

d
ex

�
1.

42
2b

�
2.

00
0.

00
3

0.
48

�
0.

00
5

�
1.

07
U

p
p

er
b

od
y

lim
it

at
io

n
(s

om
e

or
lo

t
of

d
if

fic
ul

ty
,o

r
un

ab
le

)
0.

99
6

1.
19

�
0.

02
5a

�
3.

49
�

0.
01

9a
�

3.
81

L
ow

er
b

od
y

lim
it

at
io

n
(s

om
e

or
lo

t
of

d
if

fic
ul

ty
,o

r
un

ab
le

)
1.

78
0b

2.
45

�
0.

03
9a

�
5.

23
�

0.
02

9a
�

6.
16

E
d

uc
at

io
n

(r
ef

er
en

ce
5

L
T

h
ig

h
sc

h
oo

l)
H

ig
h

sc
h

oo
l

gr
ad

ua
te

2.
41

5a
3.

35
�

0.
00

6
�

0.
79

0.
00

7c
1.

68
So

m
e

co
lle

ge
2.

89
0a

3.
27

�
0.

00
7

�
0.

68
0.

00
9c

1.
62

C
ol

le
ge

gr
ad

ua
te

3.
62

0a
3.

97
�

0.
01

2
�

1.
06

0.
00

9
1.

44
F

am
ily

in
co

m
e

(r
ef

er
en

ce
5

L
T

U
.S

.$
10

,0
00

)
U

.S
.$

10
,0

00
–2

0,
00

0
2.

11
2b

2.
31

�
0.

00
7

�
0.

76
0.

00
5

1.
04

U
.S

.$
20

,0
00

–3
0,

00
0

1.
96

6b
2.

07
�

0.
00

4
�

0.
47

0.
00

7
1.

20
U

.S
.$

30
,0

00
–4

0,
00

0
2.

76
7b

2.
41

0.
00

7
0.

63
0.

02
3a

3.
33

U
.S

.$
40

,0
00

or
m

or
e

3.
60

7a
3.

57
0.

00
6

0.
52

0.
02

7a
4.

23
A

ge
(r

ef
er

en
ce

5
65

–6
7)

68
–7

0
0.

92
6

0.
98

�
0.

02
4a

�
3.

08
�

0.
01

9a
�

3.
38

71
–7

4
1.

01
5

1.
13

�
0.

04
0a

�
5.

24
�

0.
03

4a
�

6.
08

75
–7

9
1.

25
6

1.
39

�
0.

06
3a

�
8.

07
�

0.
05

6a
�

10
.0

1
80

–8
4

2.
63

6a
2.

60
�

0.
10

7a
�

10
.8

0
�

0.
09

1a
�

14
.9

0
85

or
ol

d
er

4.
73

6a
3.

48
�

0.
16

4a
�

11
.3

2
�

0.
13

7a
�

18
.2

6
F

em
al

e
(r

ef
er

en
ce

5
m

al
e)

�
2.

24
5a

�
3.

36
0.

01
6b

2.
21

0.
00

4
0.

95

co
nt

in
ue

d

Medical Spending and Elderly Health 1347



R
ac

e/
et

h
n

ic
ity

(r
ef

er
en

ce
5

w
h

it
e

n
on

-H
is

p
an

ic
)

A
si

an
�

7.
48

7a
�

3.
54

0.
04

5
1.

62
0.

00
5

0.
26

A
fr

ic
an

A
m

er
ic

an
�

1.
46

6
�

1.
23

0.
00

0
0.

04
�

0.
00

5
�

0.
79

W
h

it
e

H
is

p
an

ic
�

1.
84

7
�

1.
07

0.
00

0
0.

03
�

0.
00

6
�

0.
52

O
th

er
ra

ce
�

4.
81

8b
�

2.
21

0.
01

5
0.

71
�

0.
01

0
�

0.
74

Y
ea

r
0.

31
1a

3.
21

0.
00

1
0.

53
0.

00
2a

3.
66

C
on

st
an

t
�

6.
48

7a
�

3.
23

0.
92

9a
81

.8
8

0.
92

7a
11

0.
65

N
ot

e.
IV

te
st

st
at

is
tic

s.

P
ar

ti
al

R
2

of
ex

cl
ud

ed
in

st
ru

m
en

ts
:

0.
00

09
.

K
le

ib
er

ge
n

-P
aa

p
rk

W
al

d
F

St
at

is
tic

:
16

.4
48

.

St
oc

k-
Y

og
o

w
ea

k
ID

te
st

cr
iti

ca
lv

al
ue

s.

10
%

m
ax

im
al

IV
re

la
ti

ve
b

ia
s:

16
.3

80
.

a po
.0

1;
b
.0

1o
p
�

.0
5;

c .0
5o

p
�

.1
0.

A
D

L
,a

ct
iv

it
ie

s
of

d
ai

ly
liv

in
g;

E
O

L
E

I,
E

n
d

-o
f-

L
if

e
E

xp
en

d
it

ur
e

In
d

ex
;

H
A

L
ex

,H
ea

lth
an

d
A

ct
iv

it
y

L
im

it
at

io
n

In
d

ex
;

IA
D

L
,i

n
st

ru
m

en
ta

la
ct

iv
it

ie
s

of
d

ai
ly

liv
in

g.

T
ab

le
3:

C
on

ti
nu

ed

IV
O

L
S

F
ir

st
-S

ta
ge

Sp
en

di
ng

M
od

el
Se

co
nd

-S
ta

ge
H

ea
lt

h
O

ut
co

m
e

M
od

el
H

ea
lth

O
ut

co
m

e
M

od
el

1348 HSR: Health Services Research 46:5 (October 2011)



T
ab

le
4:

IV
(2

SR
I)

an
d

O
b

se
rv

at
io

n
al

E
st

im
at

es
of

M
ed

ic
al

Sp
en

d
in

g
(C

um
ul

at
iv

e
T

ot
al

)
an

d
H

ea
lt

h
O

ut
co

m
e

(S
ur

vi
va

l)
L

og
is

ti
c

M
od

el
s

IV
(2

SR
I)

n
O

bs
er

va
ti

on
al

V
ar

ia
bl

e
(N

5
17

,4
38

)
C

oe
ffi

ci
en

t
z

C
oe

ffi
ci

en
t

z

M
ed

ic
al

sp
en

d
in

g
(U

.S
.$

1,
00

0s
)

1.
08

1b
2.

06
0.

98
7a

�
14

.0
7

R
es

id
ua

lf
ro

m
fir

st
-s

ta
ge

m
od

el
0.

91
3b

�
2.

40
P

ri
or

h
ea

lt
h

st
at

us
Se

lf-
re

p
or

te
d

ge
n

er
al

h
ea

lt
h

st
at

us
(r

ef
er

en
ce

5
ex

ce
lle

n
t)

V
er

y
go

od
0.

61
9b

�
2.

46
0.

84
1

�
1.

22
G

oo
d

0.
35

2a
�

3.
61

0.
63

7a
�

3.
27

F
ai

r
0.

09
8a

�
3.

81
0.

39
8a

�
5.

75
P

oo
r

0.
03

8a
�

3.
39

0.
36

1a
�

5.
10

A
n

y
A

D
L

0.
24

8a
�

3.
31

0.
65

5a
�

3.
76

A
n

y
IA

D
L

0.
33

0a
�

3.
43

0.
68

3a
�

3.
27

C
h

an
ge

in
H

A
L

ex
,b

as
el

in
e

to
ye

ar
1

19
7.

23
4a

3.
66

6.
52

6a
7.

68
C

h
an

ge
in

H
A

L
ex

,y
ea

r
1–

ye
ar

2
54

.7
45

a
4.

12
5.

80
0a

7.
67

C
on

d
iti

on
s

H
ad

h
ar

d
en

in
g

of
th

e
ar

te
ri

es
at

b
as

el
in

e
1.

08
6

0.
64

1.
16

7
1.

24
D

ev
el

op
ed

h
ar

d
en

in
g

of
th

e
ar

te
ri

es
,y

ea
r

1
0.

44
4b

�
2.

45
0.

82
8

�
0.

85
D

ev
el

op
ed

h
ar

d
en

in
g

of
th

e
ar

te
ri

es
,y

ea
r

2
0.

63
4

�
1.

05
1.

50
6c

1.
73

H
ad

h
yp

er
te

n
si

on
at

b
as

el
in

e
0.

93
5

�
0.

67
1.

02
3

0.
26

D
ev

el
op

ed
h

yp
er

te
n

si
on

,y
ea

r
1

0.
74

7
�

1.
39

0.
94

6
�

0.
30

D
ev

el
op

ed
h

yp
er

te
n

si
on

,y
ea

r
2

0.
94

2
�

0.
21

1.
45

1c
1.

75
H

ad
h

ea
rt

at
ta

ck
at

b
as

el
in

e
0.

65
3b

�
2.

20
0.

96
1

�
0.

35
D

ev
el

op
ed

h
ea

rt
at

ta
ck

,y
ea

r
1

0.
19

2b
�

2.
49

0.
86

8
�

0.
55

D
ev

el
op

ed
h

ea
rt

at
ta

ck
,y

ea
r

2
0.

20
0a

�
2.

76
0.

72
6

�
1.

40
H

ad
an

gi
n

a
p

ec
to

ri
s

or
ot

h
er

co
ro

n
ar

y
h

ea
rt

d
is

ea
se

at
b

as
el

in
e

0.
73

3
�

1.
44

1.
10

6
0.

81
D

ev
el

op
ed

an
gi

n
a

or
co

ro
n

ar
y

h
ea

rt
d

is
ea

se
,y

ea
r

1
0.

60
8b

�
2.

16
0.

73
6

�
1.

41

co
nt

in
ue

d

Medical Spending and Elderly Health 1349



D
ev

el
op

ed
an

gi
n

a
or

co
ro

n
ar

y
h

ea
rt

d
is

ea
se

,y
ea

r
2

0.
47

3c
�

1.
71

1.
15

3
0.

60
H

ad
ot

h
er

h
ea

rt
co

n
d

it
io

n
s

at
b

as
el

in
e

0.
54

5a
�

3.
33

0.
78

7b
�

2.
58

D
ev

el
op

ed
ot

h
er

h
ea

rt
co

n
d

iti
on

,y
ea

r
1

0.
36

4b
�

2.
08

1.
07

2
0.

42
D

ev
el

op
ed

ot
h

er
h

ea
rt

co
n

d
iti

on
,y

ea
r

2
0.

60
9c

�
1.

88
0.

98
7

�
0.

08
H

ad
st

ro
ke

or
b

ra
in

h
em

or
rh

ag
e

at
b

as
el

in
e

0.
72

2a
�

2.
85

0.
78

0b
�

2.
29

D
ev

el
op

ed
st

ro
ke

or
b

ra
in

h
em

or
rh

ag
e,

ye
ar

1
0.

32
6b

�
2.

00
1.

10
8

0.
45

D
ev

el
op

ed
st

ro
ke

or
b

ra
in

h
em

or
rh

ag
e,

ye
ar

2
0.

38
8b

�
2.

53
0.

82
6

�
0.

98
H

ad
sk

in
ca

n
ce

r
at

b
as

el
in

e
1.

22
7c

1.
82

1.
21

9c
1.

76
D

ev
el

op
ed

sk
in

ca
n

ce
r,

ye
ar

1
1.

29
6

1.
09

0.
97

3
�

0.
13

D
ev

el
op

ed
sk

in
ca

n
ce

r,
ye

ar
2

0.
70

3c
�

1.
87

0.
69

8c
�

1.
90

H
ad

ot
h

er
ca

n
ce

r
at

b
as

el
in

e
0.

58
8a

�
3.

09
0.

81
0b

�
2.

10
D

ev
el

op
ed

ca
n

ce
r,

ye
ar

1
0.

18
2a

�
3.

27
0.

54
6b

�
2.

50
D

ev
el

op
ed

ca
n

ce
r,

ye
ar

2
0.

07
6a

�
3.

13
0.

49
3a

�
2.

99
H

ad
d

ia
b

et
es

at
b

as
el

in
e

0.
28

2a
�

3.
17

0.
71

4a
�

3.
20

D
ev

el
op

ed
d

ia
b

et
es

,y
ea

r
1

1.
05

1
0.

25
1.

01
1

0.
06

D
ev

el
op

ed
d

ia
b

et
es

,y
ea

r
2

1.
08

6
0.

47
0.

95
4

�
0.

28
A

d
d

it
io

n
al

h
ea

lth
va

ri
ab

le
s

P
ro

xy
re

sp
on

d
en

t
0.

36
4a

�
4.

00
0.

62
4a

�
3.

97
C

ur
re

n
t

sm
ok

er
0.

51
2a

�
4.

76
0.

60
9a

�
3.

99
F

or
m

er
sm

ok
er

0.
70

9a
�

2.
85

0.
86

0
�

1.
62

L
T

10
th

p
er

ce
n

ti
le

of
b

od
y

m
as

s
in

d
ex

(r
ef

er
en

ce
5

25
th

–7
5t

h
p

er
ce

n
ti

le
)

0.
52

8a
�

4.
98

0.
58

7a
�

4.
49

10
th

–2
5t

h
p

er
ce

n
ti

le
of

b
od

y
m

as
s

in
d

ex
0.

76
8b

�
2.

32
0.

72
1a

�
2.

99
G

T
75

th
p

er
ce

n
ti

le
of

b
od

y
m

as
s

in
d

ex
1.

47
7a

3.
08

1.
29

5b
2.

32
U

p
p

er
b

od
y

lim
it

at
io

n
(s

om
e

or
lo

t
of

d
if

fic
ul

ty
,o

r
un

ab
le

)
0.

88
2

�
1.

19
0.

96
8

�
0.

33
L

ow
er

b
od

y
lim

it
at

io
n

(s
om

e
or

lo
t

of
d

if
fic

ul
ty

,o
r

un
ab

le
)

0.
88

6
�

0.
95

1.
03

1
0.

28
E

d
uc

at
io

n
(r

ef
er

en
ce

5
L

T
h

ig
h

sc
h

oo
l)

T
ab

le
4:

C
on

ti
nu

ed

IV
(2

SR
I)
n

O
bs

er
va

ti
on

al

V
ar

ia
bl

e
(N

5
17

,4
38

)
C

oe
ffi

ci
en

t
z

C
oe

ffi
ci

en
t

z

1350 HSR: Health Services Research 46:5 (October 2011)



H
ig

h
sc

h
oo

l
gr

ad
ua

te
0.

80
6

�
1.

62
1.

00
1

0.
01

So
m

e
co

lle
ge

0.
70

5b
�

2.
03

0.
91

3
�

0.
68

C
ol

le
ge

gr
ad

ua
te

0.
69

2c
�

1.
83

0.
96

3
�

0.
26

F
am

ily
in

co
m

e
(r

ef
er

en
ce

5
L

T
U

.S
.$

10
,0

00
)

U
.S

.$
10

,0
00

–2
0,

00
0

0.
84

7
�

1.
22

1.
02

7
0.

24
U

.S
.$

20
,0

00
–3

0,
00

0
0.

74
0b

�
2.

09
0.

88
8

�
0.

95
U

.S
.$

30
,0

00
–4

0,
00

0
0.

94
4

�
0.

28
1.

21
9

1.
14

U
.S

.$
40

,0
00

or
m

or
e

0.
82

3
�

0.
95

1.
15

8
0.

95
A

ge
(r

ef
er

en
ce

5
65

–6
7)

68
–7

0
0.

47
2a

�
3.

49
0.

51
4a

�
3.

07
71

–7
4

0.
38

4a
�

4.
66

0.
42

6a
�

4.
09

75
–7

9
0.

29
1a

�
6.

38
0.

33
0a

�
5.

63
80

–8
4

0.
17

3a
�

8.
60

0.
22

2a
�

7.
71

85
or

ol
d

er
0.

07
6a

�
10

.5
3

0.
11

8a
�

10
.7

7
F

em
al

e
(r

ef
er

en
ce

5
m

al
e)

2.
30

4a
6.

61
1.

90
1a

6.
91

R
ac

e/
et

h
n

ic
it

y
(r

ef
er

en
ce

5
w

h
ite

n
on

-H
is

p
an

ic
)

A
si

an
3.

17
0b

2.
15

1.
64

3
1.

09
A

fr
ic

an
A

m
er

ic
an

1.
10

5
0.

66
1.

00
4

0.
03

H
is

p
an

ic
1.

47
4

1.
48

1.
33

1
1.

14
O

th
er

ra
ce

1.
29

3
0.

79
0.

86
3

�
0.

51
Y

ea
r

0.
95

1a
�

2.
79

0.
97

7
�

1.
63

n
Se

co
n

d
st

ag
e

on
ly

.S
ee

T
ab

le
3

fo
r

fir
st

-s
ta

ge
re

su
lt

s.
a po

.0
1;

b
.0

1o
p
�

.0
5,

c .0
5o

p
�

.1
0.

A
D

L
,a

ct
iv

it
ie

s
of

d
ai

ly
liv

in
g;

H
A

L
ex

,H
ea

lth
an

d
A

ct
iv

it
y

L
im

it
at

io
n

In
d

ex
;

IA
D

L
,i

n
st

ru
m

en
ta

l
ac

tiv
it

ie
s

of
d

ai
ly

liv
in

g;
IV

,i
n

st
ru

m
en

ta
lv

ar
ia

b
le

.

Medical Spending and Elderly Health 1351



spending was much higher for someone who reported the onset of one of these
conditions in the second survey year (U.S.$20,494 for cancer and U.S.$14,276
for heart attack). The two variables that measure the changes in the HALex
values between baseline and year 1 and between years 1 and 2 indicate that
improved general health over time is associated with reduced spending.

Comparing the OLS and IV versions of the health outcome model
suggests that the generally positive associations between health and education
and income in the OLS model operate primarily through the influence on
medical spending, because these variables are not statistically significant in the
IV model. Health declines significantly and monotonically with age in both
models. The OLS model finds no differences by gender and race/ethnicity,
while the IV model indicates that women and Asians have better health
outcomes. However, differences in health outcomes between whites, African
Americans, and Hispanics are not statistically significant, given that the
model controls for medical spending, education, income, and detailed health
characteristics.

The OLS model also generally finds smaller effects associated with prior
health conditions. For example, in the OLS model prior heart attacks or
congestive heart disease have positive, though statistically insignificant asso-
ciations with the final HALex value, suggesting that these people have similar
or slightly better health than people without a prior heart condition. In the
IV model, five of the six coefficients for these conditions are negative and
statistically significant. Similarly, the OLS model results indicate much
smaller health effects associated with stroke or cancer compared with the IV
model. These apparently anomalous OLS results reinforce the validity of the
IV approach.

Comparing selected coefficients from the IV health outcome model
(Table 3) can help interpret the magnitude of a particular change in the
HALex value associated with an increase in medical spending. Because this is
a linear model, each coefficient represents the difference in the HALex value
for a person who has a particular condition compared with someone who does
not, but has otherwise identical characteristics. The linear coefficient of the
medical spending variable is 0.0043, which implies that a 10 percent increase
in total medical spending over the 3-year observation period (U.S.$2,709) is
associated with a change of 0.012 in the final HALex value. (Medical spending
is measured in thousands of dollars.) This estimated effect is comparable to the
positive effect of having an income level 4U.S.$30,000 relative to an income
of oU.S.$10,000 (0.016), or the negative effect (� 0.016) of aging from 68–70
years old to 71–74 years old with no other changes in health conditions, or of
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having reported hypertension at baseline (� 0.015). These comparisons sug-
gest that the estimated magnitude of the relationship between medical spend-
ing and the HALex is nontrivial and clinically meaningful.

Table 4 reports the OLS and IV estimates of odds ratios from the logistic
model for surviving to the end of year 3. (The first-stage spending model is the
same as reported in Table 3.) As in the HALex analysis, the observational
model suggests that greater medical spending has a highly significant negative
effect on the relative odds of survival. In contrast, the IV estimate implies that
greater medical spending has a statistically significant and positive effect on
the relative odds of survival. Moreover, the residual from the first-stage med-
ical spending model is associated with a lower relative odds of survival, sug-
gesting that unobserved factors that influence medical spending, such as
unmeasured disease severity or other health limitations not captured by the
observable health factors, have a negative association with survival. When
these indirect effects are accounted for, the direct effects of observed prior
health conditions on reducing the relative odds of survival are generally larger
than indicated by the OLS estimates. This result is similar to the relationships
between prior health and the HALex health outcome measure reported
in Table 3.

Table 5 reports the results of varying the specification of the measure of
medical spending. Rows 1 and 3 compare the coefficients of cumulative total
medical spending and Medicare-only spending over the 3-year observation
period, and rows 2 and 4 show the results based on measures of medical
spending observed over only a single year (year 3), as is typical of most cross-
sectional studies of the relationship between medical spending and health.
The table also reports the coefficient estimates of the EOLEI identifying vari-
able from the first-stage spending equations and the corresponding F-statistic
for the strength of the instrument.

The estimates associated with Medicare spending, whether measured as
cumulative spending over 3 years or spending during year 3 only, are very
similar for both health outcomes. A 10 percent higher level of Medicare
spending is associated with a health or probability of survival improvement of
1.2–1.4 percent. The percentage changes in the outcomes associated with a 10
percent increase in medical spending from all sources are somewhat larger
than those derived from the Medicare spending estimates. However, this pri-
marily reflects the differences in mean values. The coefficients from the linear
HALex models indicate that a dollar of additional medical spending has the
same effect on health, regardless of whether it is a Medicare or non-Medicare
dollar. Moreover, the coefficients of the cumulative spending variables, which
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measure spending over the prior 3 years, are essentially one-third the
magnitude of the coefficients of the annual spending measures for year 3. In
effect, an increase of U.S.$3 in cumulative spending over the 3 years has
the same impact as an increase of U.S.$1 in spending in year 3. Overall, the
results reported in Table 5 indicate that the general conclusion that medical
spending has a positive association with better health is quantitatively and
statistically robust with respect to the measures of both medical spending and
health outcome.

DISCUSSION

IV estimation results in a positive and statistically significant relationship
between greater medical spending and better health. Depending on the
specific measure of medical spending, 10 percent greater medical spending is
associated with a 1.2–2.2 percent larger final HALex value, which is a
weighted combination of self-reported health status and measures of ADL and
IADL limitations, and a 1.2–1.7 percent higher probability of surviving to the
end of the year. These estimates represent averages over the entire range of
medical spending that may differ at various levels of spending and/or health if
the true underlying relationship is nonlinear or if the relationship between
spending and health varies across alternative populations. Thus, the marginal
effect of increased medical spending might be quite different at higher
and lower levels of spending, or for people in initially very good or very
poor health.

One question that inevitably arises in considering these findings is why
they differ from those based on analyses conducted at the geographic level
using data generated by the Dartmouth Atlas of Health Care. Fisher et al.
(2003b) reported that Medicare beneficiaries’ mortality rates did not vary
significantly across areas grouped into quintiles based on their EOLEI values.
Dartmouth research has also investigated the HALex index as a health mea-
sure, analyzing the change in the HALex value for a large sample of ben-
eficiaries surveyed by the MCBS between 1992 and 1996 (Fisher et al. 2003b)
and found no significant difference in the change in the HALex across Dart-
mouth Atlas spending quintiles.

Our analyses differ from the Dartmouth analyses in several important
dimensions. First, we use IV analysis to estimate the relationship between
beneficiaries’ own medical spending and their health outcomes, rather than
average medical spending across groups (quintiles) of geographic areas in
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which they live. Our sensitivity analyses suggest that dichotomous measures of
the EOLEI may not be a strong instrument, which biases estimated effects
toward the negative OLS results. (We also estimated an alternative IV spec-
ification of the survival model that used EOLEI decile dummy variables as
instruments rather than the continuous EOLEI measure. Similar to the result
reported in Table 2 [row d], the estimated coefficient for the medical spending
variable was smaller in magnitude, 1.039, and not statistically significant
[p 5 .19].) A finding of no relationship between spending and health across
geographic areas grouped by the EOLEI may reflect this weak-instrument bias.

Second, we use a more extensive set of measures of prior health status,
activity limitations, and health conditions, as well as education and income, to
control for their effects on both medical spending and health outcomes. Thus,
some of the differences in findings may be due to differences in the extent of
risk adjustment in the analyses. Controlling for differences in individuals’
health and socioeconomic characteristics more directly may reduce possible
bias from population heterogeneity within geographic areas.

Third, our data span an 11-year period from 1992 to 2002. It is possible
that the Dartmouth results, which refer primarily to relationships at a point in
time or over a relatively short-time period, are accurate for the time periods
covered, but do not capture the nature of the relationship between medical
spending and health over a longer time period. For example, changes in
medical technology may improve health outcomes over time through their
effects on spending, even if the spending-health relationship is ‘‘flat’’ at a point
in time.

To the extent that our results indicate that on average, across the entire
range of medical spending and health conditions, the relationship between
medical spending and health is positive, then across-the-board reductions in or
limits on Medicare spending may result in poorer health for some Medicare
beneficiaries. Moreover, because the variation in medical spending in our
analyses was driven by variations in practice patterns across geographic areas,
as represented by the EOLEI, then targeting Medicare spending reductions on
geographic areas with high average Medicare costs per beneficiary would also
appear to be unwarranted.

Conversely, as noted above, even if our primary result is accurate on
average, it does not imply that all medical spending for all medical conditions
and situations necessarily has the same positive effects on health. For example,
Kaestner and Silber (2010) found significant variations in the magnitudes of
the estimated positive effect of spending on health across several medical
conditions. These results suggest that the search for inefficiencies in Medicare
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spending needs to be conducted on a more disaggregated basis, focusing on
the effectiveness of specific treatments and care patterns for particular con-
ditions and combinations of conditions. If research finds that medical spend-
ing inefficiencies are more common in care provided to beneficiaries who are
high cost because of being in relatively poor health, such as those with multiple
chronic conditions or terminal illnesses near the end of life, then policy should
focus on improving the efficiency of care provided to those people, rather than
on targeting geographic areas with high Medicare costs. Along the same lines,
recent analysis by the Medicare Payment Advisory Commission (Glass 2010)
has highlighted possible fraudulent spending for durable medical equipment,
home health, and hospice care as a contributor to unwarranted geographic
variations in total Medicare spending.

Overall, our analysis suggests that the search for inefficiency in Medicare
spending should progress on a more disaggregated basis and that the use of IV
methods applied to data on individual Medicare beneficiaries may be a fruitful
way to pursue this objective. In other words, future research should focus on
beneficiaries with particular conditions, combinations of conditions, or types
of service use. Comparative effectiveness analyses of alternative treatments for
specific conditions represent a logical extension of this suggestion (Pizer 2009).
Moreover, it would be desirable that this research be comprehensive in terms
of disease and health status groupings. Generalizing from analyses based on a
small number of conditions could miss significant intergroup differences in
medical care efficiency (Kaestner and Silber 2010; Rothberg et al. 2010).
Lastly, research might focus on comparing patterns of care for beneficiaries
with particularly costly health conditions across high- and low-spending areas
(Lieberman et al. 2003). Because these beneficiaries account for a dispropor-
tionate share of Medicare spending, detailed analyses of both demand-side
and supply-side financial and organizational incentives affecting their care are
important for developing appropriate policy responses.
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NOTES

1. The data collection and management methods were reviewed and approved the
George Mason University Human Subjects Review Board——protocol no. 5409,
August 14, 2007.

2. A second advantage of instrumental variable estimation is that it also reduces bias
due to measurement error, which might occur because of inaccurate self-reporting
of non-Medicare health spending and/or incomplete adjustment for intertemporal
and cross-sectional price variations.

3. For examples of studies that use a rank variable as an exogenous instrument, see
Stratmann (2009) and Koenker and Bassett (1978).

4. As a sensitivity test, we also estimated all models using a set of dummy variables to
represent the first year a person entered the MCBS survey. Coefficient estimates
and standard errors were virtually identical to those reported below.

5. We also used STATA’s bootstrap procedure to calculate standard errors in order to
correct for the two-step procedure used by the 2SRI method. Based on 1,000
iterations, the estimated 95% confidence interval for the second-stage parameter
estimate of 1.082 was (1.0098, 1.2446). Although slightly larger than the confidence
interval generated by the 2SRI procedure of (1.0045, 1.1646), we are still able to
reject the hypothesis of no effect on survival.

6. Complete results for all other model specifications are available on request.
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