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Abstract

The elderly account for the majority of medical spending in many countries, raising concerns
about potentially unnecessary spending, especially during the final months of life. Using a well-
defined starting point (hospitalization for an initial acute myocardial infarction) with evidence-
based postevent treatments, we examined age trends in treatments in the US and Norway, two
countries with high levels of per capita medical spending. After accounting for comorbidities,

we found marked decreases within both countries in the use of invasive treatments with age (for
example, less use of percutaneous coronary interventions and surgery) and the use of relatively
inexpensive medications (for example, less use of anticholesterol [statin] drugs for which generic
versions are widely available). The treatment decreases with age were larger in Norway compared
with those in the US. The less frequent treatment of the oldest of the old, without even use of basic
medications, suggests potential age-related bias and a disconnect with the evidence on treatment
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value. Hospital organization and payment in both countries should incentivize greater equity in
treatment use across ages.

Allocating resources thoughtfully across the population represents a fundamental societal
challenge in health care. Allocation across ages is particularly challenging, given the
differing levels of need, potential benefits, and complications between the elderly and the
young within each country, not to mention the associated definitional and measurement
challenges.1-3 Prior studies in the US have suggested the presence of excessive spending
on the elderly during their final months of life—that is, the expenditure of resources that
could be used for younger patients or other societal needs.#® Other data indicate that many
medical treatments are both safe and efficacious for the elderly and might contribute to the
relatively favorable life expectancies among the elderly in the US and other countries.”-12
We examined treatment use and choice by age for a well-defined patient population and
starting time: people ages sixty-five and older with a new hospitalization for an acute
myocardial infarction.

We document these age patterns in the US health care system, and we also present
comparative data from another highly resourced but more tightly regulated health care
system that has a notable emphasis on equity in care: the Norwegian system. This
international comparison allowed us to explore whether US patterns of care for older adults
may be idiosyncratic to the US system or whether there may be empirical regularities in
these patterns across health care systems that merit deeper exploration more generally.

Norway, with a population of 5.4 million people,13 has tax-financed health care with

access for all citizens. There is patient cost sharing for outpatient consultations but not

for inpatient stays. A national health service provides health care in a mixed centralized-
decentralized system. Primary care physicians are mostly private practitioners, and hospitals
are state owned, with salaried physicians. Hospitals are organized under four regional health
authorities. These regional health authorities are responsible for the hospitals in their region,
and compared with the US system, they more tightly oversee hospital quality and equitable
access to care based on need. Hospital revenue is a mix of risk-adjusted capitation based

on the population in the catchment area and diagnosis-related group (DRG)-based activity-
based financing.

In comparison, the US Medicare program, with enroliment of sixty-one million people

in 2020,14 is a publicly funded program providing coverage for hospital and physician
care, as well as prescription drugs for nearly all citizens ages sixty-five and older, plus
those meeting other eligibility criteria—for example, people with end-stage renal disease.
The program includes both a government-administered, traditional fee-for-service system
(traditional Medicare) and a smaller component administered by private health plans
(Medicare Advantage, which is not included in our analysis). The majority of physicians
and hospitals providing care under the Medicare program are privately owned. Within the
traditional fee-for-service Medicare program that we studied, hospital revenue is primarily
based on DRGs.
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Despite some marked differences, there are also key similarities between the US and
Norwegian systems that facilitate international comparisons. First, the study population
ages sixty-five and older is well insured in both countries. Second, in both systems the
government is the primary payer of coverage for the vast majority of the population in this
age group, thus minimizing selection concerns. Third, hospital financing has elements of
activity-based funding in both countries, although physician payment is more activity based
in the US than in Norway, which may incentivize maintaining more intensive treatment with
age in the US than in Norway. To assist us in examining these similar contexts, we had
access to high-quality data from both countries that we were able to harmonize.

The US and Norway have two of the highest per capita medical spending levels in the
world, with the elderly accounting for much of the spending. The two countries also have
high levels of life expectancy, although their relative life expectancies flip with age.15-18
Specifically, Norway has one of the highest life expectancy levels (or lowest mortality
levels) in the world for people ages 65-69, but lower life expectancy than the US for people
who reach age 80 or older. According to the Human Mortality Database, the mortality rates
in the period 2010-14 (covering our study period) were 1.5 percent and 1.2 percent for
people ages 65-69 in the US and Norway, respectively; by ages 85-89 the corresponding
mortality rates were 10.3 percent and 11.3 percent.1®

Using detailed individual-level data from the two settings, we examined the within-country
age patterns of treatment after a new acute myocardial infarction. We focused on common
procedures and medications that have a strong evidence base underlying treatment, including
treatment of the elderly.”-12.20 Specifically, we hypothesized that treatment use overall
would be comparable across ages after comorbidities were controlled for—for example,
after an initial acute myocardial infarction, the percentage of patients age seventy-five
receiving evidence-based post—acute myocardial infarction treatment would be comparable
with the percentage of similarly healthy patients age sixty-six receiving treatment in the
same country.

Because concerns about the ability of older patients to tolerate invasive treatments such as
surgery might affect treatment choices, we also hypothesized that overall, the percentage of
subjects receiving invasive treatments might decrease with increasing age—that is, the type
of treatment could shift with age, although the use of any treatment would remain stable.
This hypothesized shift would occur despite the fact that prior studies have found that both
percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) are
safe and represent high-value care for the oldest of the old.”-2

Noninvasive medication-based treatments—such as statins—continue to be recommended at
older ages, and given the low risk of these medications, we hypothesized that the percentage
of new patients with acute myocardial infarction using these treatments would not differ
with age; that is, there could be a greater reliance only on medical management of an acute
myocardial infarction among the oldest of the old.
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Study And Methods
DATA AND SAMPLE

We included all patients in Norway who were hospitalized with acute myocardial infarction
during 2010-15 (N = 39,566). To restrict the sample to incident cases, we excluded patients
with an admission for acute myocardial infarction as a primary or secondary diagnosis the
year before the start of follow-up. Further, we included data from 2016 to assess 365 days
of follow-up of outcomes for all cases. Norway has a national hospital discharge register,
from which we identified patients with acute myocardial infarction, using /nternational
Statistical Classification of Diseases and Related Health Problems, Tenth Revision, codes
(ICD-10:121-22). We linked these data to data from Norway’s national outpatient utilization,
pharmacy, and mortality databases. Because of data privacy restrictions in the national
pharmacy prescription register, data had to be aggregated in five-year age groups from ages
65—-69 up to ages 90-94.

For the US, we used a national 20 percent random sample of all fee-for-service

Medicare beneficiaries and /nternational Classification of Diseases, Ninth Revision, codes
(ICD-9:410;2009-15 data from Medicare Parts A, B, and D and the Master Beneficiary
Summary File) to create a comparable cohort by age and year (V= 110,145). Medicare

is the predominant insurer for older Americans. Patients who reside outside the US were
excluded from the study sample. Given the restrictions imposed by the Norwegian pharmacy
data, we also aggregated the US data into the five-year age groups mentioned above (and
evaluated the impact of the age groups versus no aggregation in sensitivity analyses). The
Mass General Brigham Institutional Review Board, Norwegian Regional Committee for
Medical and Health Research Ethics South East, and Norwegian Data Protection Authority
approved the project. The data providers have no responsibility for our interpretation of the
data.

OUTCOMES

We defined two categories of treatments, all converted to binary outcomes. First, we
examined invasive procedures: one-day PCI and thirty-day PCI or CABG. Second, we
examined four classes of medications: 3-hydroxy-3-methylglutaryl coenzyme A (AHMG-
CoA) reductase inhibitors (statins), beta-blockers, angiotensin agents (for example,
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers), and antiplatelet
agents (excluding aspirin).

Patients presenting with a new acute myocardial infarction are candidates for one of the
invasive interventions, although the indication for treatment will vary with the clinical
features of the infarction and the potential for complications associated with intervention.
Nearly all patients presenting with a new acute myocardial infarction also should receive
medications from the above drug classes. These medications have been widely used in the
elderly for years, with several available generic versions—for example, inexpensive generic
versions of statins and beta-blockers were available during the study period. In supplemental
analyses presented in online appendix exhibit Al, we also examined 30-day and 365-day
post-acute myocardial infarction all-cause mortality.22 We also examined the percentage of

Health Aff (Millwood). Author manuscript; available in PMC 2024 March 03.
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initial acute myocardial infarctions that were ST elevation infarctions by age (see appendix
exhibit A2).22

STATISTICAL METHODS

Because of limits imposed by our data use agreements, we assessed age trends separately
within each country, linearly regressing each outcome variable on age and age squared in the
patient-level data; we also controlled for comorbidity using the Charlson score.3 Sensitivity
analyses without adjusting for the Charlson score yielded similar results. We displayed

the adjusted age trends graphically, showing the observed data points along with the fitted
models, and included 95% confidence intervals for the fitted models, estimated using the
margins command in Stata 16. The large sample sizes produced narrow confidence intervals,
as can be seen graphically, so we did not further report formal tests comparing major age
trend differences that are easily inferred visually.

In the appendix we also report linear regressions of 30-day and 365-day post—acute
myocardial infarction mortality, similarly graphing observed data points along with fitted
models as a function of age, age squared, and Charlson score (see appendix exhibit A1).22
We also present a model that further controls for the above acute myocardial infarction
treatment and medications.

LIMITATIONS

This study had several limitations. We used administrative data sets from the two countries
that relied heavily on ICD diagnosis codes. These data are not equivalent to richer clinical
data sets from trials—for example, they do not contain information about the location of
coronary artery blockages or the magnitude of damage from the infarction. The data also
lack information about individual-level cognitive and physical functionality or measures of
quality of life.

Medication data from Norway did not include patients who were transferred from the
hospital to a nursing home. In a supplementary analysis we found that the proportion of
patients older than age eighty who live in a nursing home is rather similar before and after
the acute myocardial infarction admission, thus mitigating the concern about potential bias.

The analysis of post—-acute myocardial infarction mortality did not attempt to demonstrate
a causal relationship between the acute myocardial infarction care and survival, as several
clinical trials have demonstrated the efficacy of these treatments (see appendix exhibit
Al).22

Study Results

Exhibits 1 and 2 illustrate the age trends in post—acute myocardial infarction procedure use
among patients ages sixty-five and older in the US and Norway (controlling for the Charlson
comorbidity score). At ages 65-69 just over 40 percent of patients in each country received
PCI within one day of admission (exhibit 1). Those rates dropped steadily with age in both
countries, reaching only 10 percent in the US and 4 percent in Norway for patients ages
ninety and older. The age trends in thirty-day PCI or CABG rates were similar, again with
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steep drops as age increased: In Norway rates of thirty-day PCI or CABG decreased from 70
percent in the 65-69 age group to 6 percent in the 90 and older group, and across the same
age groups, the rates went from 63 percent to 14 percent in the US (exhibit 2).

Exhibits 3 and 4 display similar decreases in medication use with increasing age. For
example, in Norway 91 percent of patients ages 65—69 received a statin within 365 days
after an acute myocardial infarction, but only 30 percent of patients ages ninety and older
received one; the US decline was from 81 percent to 49 percent (exhibit 3). The drops in
antiplatelet drug use were similarly steep (exhibit 4), and the drops in angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers and beta-blockers were only moderately
less steep with age (see appendix exhibits A3 and A4, respectively).22 In subgroup analyses
(data not shown), we found that the age trends in procedures and medications were similar
among men and women.

Not surprisingly, comorbidity-adjusted post—acute myocardial infarction mortality increased
more steeply with age in Norway than it did in the US at both 30 days and 365 days

(see appendix exhibit A1).22 Inclusion of the treatment information resulted in a substantial
reduction in the magnitude of the post-acute myocardial infarction mortality age trend.

Discussion

Decisions about how to allocate resources within any society are difficult at best, and

they ideally should be informed with accurate causal information about the impact of

use on patient outcomes, along with real-world estimates of use patterns. For acute
myocardial infarction treatment, existing clinical trial data provide the best information
supporting the causal impact of treatment on survival among the elderly. In this article

we address the last point: that is, an examination of the use of treatments supported by

trial evidence among elderly patients of varying ages. To our surprise, we found that post—
acute myocardial infarction treatments dropped substantially with increasing age, including
both more invasive procedural treatments and inexpensive medications. Moreover, this age-
related reduction in treatment occurred in two countries with some of the world’s highest per
capita spending levels.

Although the size of the decrease was modestly smaller in the US than in Norway, the
overall trend of declining treatment with age was consistent across both countries and across
all of the treatments studied. Although we could not exclude other relevant contributors,
such as unobserved frailty or patient or family preference, this result is consistent with the
concern of age-based treatment bias.

Despite evidence of the high value of intensive care for the elderly, prior studies have
documented widespread reluctance to administer such care in the US and elsewhere,
possibly reflecting professional norms that are not evidence based.”19 It is possible that
elderly acute myocardial infarction patients in both countries could benefit from additional
treatment.

Although our objective was to describe real-world treatment patterns and not to demonstrate
the impact of treatment use on post—acute myocardial infarction mortality, these results are
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consistent with the hypothesis that the smaller drop in treatment intensity with age in the
US may be protective against post—acute myocardial infarction mortality among the older
elderly.

Detailed individual-level examinations of treatment patterns in multiple settings have been
relatively rare to date, partly because of the difficulty in harmonizing data sets across
settings in a way that allows for ruling out alternative explanations related to measurement
differences or the heterogeneity of underlying risk.2 Our approach of focusing on within-
setting comparisons and use of detailed data sets mitigate these concerns.

These issues are of pressing concern as the numbers of elderly people, including the older
group of elderly people, increase over time with both demographic shifts and improvements
in medical technological capabilities. Overall, we found that treatment intensity after an
acute myocardial infarction might drop off too quickly for older patients in the US and
Norway.

Policy Implications

Policy makers and insurance plan executives should consider incentivizing treatment equity
across ages in an effort to shift practice closer to that suggested by the trial evidence for

the elderly. At the simplest level, the addition of several post-acute myocardial infarction
generic medications would require relatively inexpensive regimens per patient. Moreover, if
some patients might not benefit from additional treatment because of frailty, cognitive or
physical impairments, or individual preferences, health systems also should incentivize the
explicit documentation of such decisions not to treat.

Conclusion

Greater age-related equity in care is needed as the numbers of elderly people—including

the older group of elderly people—increase over time with both demographic shifts

and improvements in medical technological capabilities. The current discrepancy between
practice and trial evidence indicates a need and an opportunity to improve this equity at
potentially little additional cost per person. In sum, the current treatment intensity in both
the US and Norway might wane too quickly into that good night, even in these two countries
with otherwise admirable mortality rates.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EXHIBIT 1. Trendsfor one-day percutaneous coronary intervention (PCl) among the elderly in
Norway and the US, by age group

source Authors’ analysis of data from Norway (national hospital discharge, outpatient
utilization, pharmacy, and mortality data, 2010-16) and the US (20 percent random sample
of fee-for-service Medicare claims, 2009-15). noTEs Points indicate unadjusted estimates.
The data for the solid lines were estimated using a linear regression model adjusted for
age, age squared, and Charlson score and the margins command in Stata. The shaded areas
represent 95% confidence intervals for the adjusted margins.
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THIRTY-DAY PCI OR CABG
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EXHIBIT 2. Trendsfor thirty-day percutaneous coronary intervention (PCI) or coronary artery
bypass graft (CABG) among the elderly in Norway and the US, by age group

source Authors’ analysis of data from Norway (national hospital discharge, outpatient
utilization, pharmacy, and mortality data, 2010-16) and the US (20 percent random sample
of fee-for-service Medicare claims, 2009-15). NnoTEs Points indicate unadjusted estimates.
The data for the solid lines were estimated using a linear regression model adjusted for
age, age squared, and Charlson score and the margins command in Stata. The shaded areas
represent 95% confidence intervals for the adjusted margins.
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EXHIBIT 3. Trendsfor 365-day statins among the elderly in Norway and the US, by age group
sourcek analysis of data from Norway (national hospital discharge, outpatient utilization,

pharmacy, and mortality data, 2010-16) and the US (20 percent random sample of fee-for-
service Medicare claims, 2009-15). noTEs Points indicate unadjusted estimates. The data for
the solid lines were estimated using a linear regression model adjusted for age, age squared,
and Charlson score and the margins command in Stata. The shaded areas represent 95%
confidence intervals for the adjusted margins.
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EXHIBIT 4. Trendsfor 365-day antiplatelets among the elderly in Norway and the US, by age
source Authors’ analysis of data from Norway (national hospital discharge, outpatient

utilization, pharmacy, and mortality data, 2010-16) and the US (20 percent random sample
of fee-for-service Medicare claims, 2009-15). noTEs Points indicate unadjusted estimates.
Data for the solid lines were estimated using a linear regression model adjusted for age, age
squared, and Charlson score and the margins command in Stata. The shaded areas represent
the 95% confidence intervals for the adjusted margins.
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