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in the US from an International Perspective
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Abstract

Recent increases in mortality are at the forefront of the public health debate in the
US. This paper takes a comparative international perspective and documents the poor
relative performance of life expectancy in the US. We characterize its age and cause of
death profiles over time and estimate its welfare implications. We show that this poor
performance is not recent, not restricted to very particular causes of death, but mostly
driven by adults and older ages. We calculate that recent welfare gains could have
been 19%-28% higher had the US been able to reproduce the OECD life expectancy
performance.
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1 Introduction

The five-year interval between 2013 and 2018 represents the first episode in almost one
hundred years when life expectancy at birth in the US experienced a sustained decline. In
2020, according to UN population projections made prior to the Covid-19 pandemic, US
life expectancy was anticipated to return roughly to the level observed seven years before,
in 2013. This would have marked a seven-year interval, without any major exogenous
event, with null gains in life expectancy, an unprecedented case worldwide in modern
times. With the arrival of the Covid-19, the picture is obviously much bleaker and large

reductions in life expectancy are now expected in 2020 (Andrasfay and Goldman, 2020).!

The recent increases in mortality have brought life expectancy back to the forefront of
the US public health debate. Though unprecedented, these reductions in life expectancy
come after an equally surprising but, within economics and the broader public debate,
largely overlooked phenomenon: a decades long deterioration in the country’s relative
performance in life expectancy, after which the US has fallen considerably behind the rest
of the developed world. Today, life expectancy in the US is substantially lower than in
every single Western European country, including those with income per capita below half
of its own, such as Greece and Portugal, both of which have life expectancy numbers more
than 2.5 years above that of the US. In fact, life expectancy at birth in the US is now slightly
below that of Chile and only slightly above that of Uruguay, two of Latin America’s top
performers (2016 data from the World Bank’s World Development Indicators).

Figure 1 presents the evolution of life expectancy at birth in the US and various regions
of the world over the last few decades. Figure 1A organizes the international data by

region of the world, while Figure 1B does it by development level. In 1960, the US had

10One would have to go back to the 1910s and to World War I and the Spanish Flu to find such long-lived
reductions in life expectancy at birth in the US. But, even at that time, the increase in mortality was a
short-term transitory shock: life expectancy still grew by over 4 years between 1910 and 1920, despite the flu
(data from the National Center for Health Statistics). Without major global pandemics and wars, it is simply
impossible to find episodes similar to the one observed between 2013 and 2018 unless one goes way back
into previous centuries. None of the countries considered later on in our analysis has experienced, in modern
times and under "usual” circumstances, periods of several years without significant improvements in life
expectancy. One would have to look for exceptional times—such as the arrival of HIV/AIDS in Sub-Saharan
Africa, the collapse of the communist block in Eastern Europe, the Great Famine in China, or major civil
conflicts—to find repeated reductions in life expectancy year after year.



a small advantage over the average for developed countries, with approximately one
more year in terms of life expectancy at birth, and was on par with Europe and the
Western Offshoots (Australia, Canada, and New Zealand). Though there was already some
deterioration in its relative position in the 1960s, up to the 1980s the country was able to
remain reasonably close to the life expectancy levels observed in the average developed
country. But then, during the 1980s, the US started lagging most of the developed world,
reaching the late 2010s with a gap of 3 years from the European average. This difference
is roughly equivalent to that separating the US from the average upper middle-income
country (this difference was 12 years in 1960). In concrete terms, it means that health
outcomes in the US today are roughly midway between those observed in Western Europe

and Latin America.

The figure also shows that the poor US performance in terms of mortality is not a me-
chanical result of the high life expectancy levels reached by the wealthiest countries in
the world. It is certainly true that, as life expectancy grows to very high levels, additional
reductions in mortality become increasingly more difficult to achieve. It is also true that
countries at the top of the life expectancy distribution sometimes experience minor tempo-
rary reductions in life expectancy, typically lasting no more than a year and of exceedingly
small magnitude. But Figure 1 shows that high income countries performed systematically
better than the US during the last 40 years, even though they were at very similar levels in
1980 and, if anything, in a worse relative position before that. And upper middle income
countries did catch up to developed countries in general as well, but at a much slower
pace than they caught up to the US: for example, while the 1960 gap from Latin America
to Europe had been closed by 53% in the late 2010s, that in relation to the US fell by 75%
over this interval. This is even more surprising because health expenditures in the US
during this same period increased to levels never before seen. Health expenditures as a
percentage of GDP in the US are approximately double the OECD average, while in 1975

these numbers were not too far apart.

How is it possible that the US has performed so much worse than various countries with

similar initial mortality profiles, but much lower income per capita and even lower health



expenditures? Where does this increasing difference in life expectancy come from in
terms of mortality over the life cycle and causes of death? Are there differences in health
expenditures, inputs, and systems that could help explain this apparent paradox? These
are the questions that motivate the first part of this paper. We deepen the discussion
inspired by Figure 1 and consider in detail the specific timing and nature of the gap in
life expectancy that has emerged in recent decades between the US and other developed
nations. We analyze closely the relative performance of the US over time and its position
in the distribution of mortality outcomes across countries. The goal of this analysis is to
understand when this gap first appeared and whether there were any major changes in the
American health system during the time. We also analyze how this gap has changed across
age groups and causes of death, and discuss what this profile tells us about its potential
explanations. Finally, we consider some descriptive evidence on lifestyle and individual
behaviors that could help explain the observed mortality patterns. In short, we document
that this phenomenon goes back at least to the 1960s, that it has not been restricted to very

particular causes of death, but that it is driven mostly by adult and old age mortality.

We then consider explicitly the social cost of the US disadvantage in life expectancy
gains. We borrow from the methodology developed by Becker et al. (2005) and apply it to
various counterfactuals, considering different combinations of life expectancy and health
expenditure levels observed in OECD countries. In some counterfactual scenarios, we also
incorporate, under extreme assumptions, the potential changes in labor supply that could
arise from a major restructuring of the US health system. We calculate that overall welfare
gains in the US over the last 40 years would have been larger by 7% if the US had been
able to reproduce the life expectancy outcome observed in the average OECD country
during this period. If, in addition, the US had access to the same public health technology
used by the typical OECD country—in the sense that it could reproduce its life expectancy
outcome at its health expenditure level—this gain in welfare would have been higher by
28%. The total welfare loss from the relatively poor life expectancy performance and high
health expenditure adds up to a net present value of $188,483 for the hypothetical life-cycle
individual considered by Becker et al. (2005). When we consider an extreme version of the

potential labor market distortions that could be generated by this change, the additional
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gain in welfare is reduced from 28% to 19%, remaining therefore still sizeable.

There is a recurring debate in health economics on whether health expenditures in the US
are too high, or whether they are simply the result of a higher marginal willingness to
pay for improvements in health due to higher income (Baltagi et al., 2017; Hall and Jones,
2007). The aggregate evidence typically finds that the willingness to pay for improvements
in health seems to behave like a luxury good, though some well-identified micro studies
suggest otherwise (Acemoglu et al., 2013). This debate is also closely related to the applied
micro literature on the efficiency of health expenditures. In general, this literature explores
natural experiments and focuses on specific medical interventions. Not surprisingly, it
finds mixed evidence, with some studies indicating that marginal expenditures in health
are cost-effective, and others that they are not (e.g., Almond et al., 2010; Doyle Jr et al.,
2015; Duggan et al., 2018). These conclusions are not too distant from the opinion typically
seen in popular media, where the US health system is portrayed as unequal and somewhat
inefficient, but overall effective in delivering high quality care for a significant fraction of

the population (see, for example, Atlas, 2018, or the critical discussion in Kristof, 2009).

A comparative international perspective sheds fresh light on this debate and allows for a
more systemic view. The discussion in the literature revolves partly around the idea that
the higher expenditures in the US, motivated by higher willingness to pay, may be efficient
because they actually lead to better outcomes. This may be true for marginal increases in
expenditures in certain procedures, as documented by the empirical micro studies. But,
from a comparative and systemic perspective, such possibility would be puzzling. Almost
all the developed world reaches health outcomes, on average, substantially better than
those observed in the US at only a fraction of its cost in terms of health expenditures.
Differences in individual habits and lifestyle may explain some of this difference, but we
present evidence in the paper that they are unlikely to account for a major part of it. The
evidence, though only descriptive, seems to challenge the notion that the US health system
broadly understood—including its curative and preventive medical services, but also its
educational and regulatory roles—is indeed effective in delivering good care for most of

the population. Our calculations indicate that the loss in welfare due to the combination of



lower life expectancy and higher health expenditures can indeed be sizeable.

We cannot hope to answer in this paper why the health performance of the US over the
last decades has been so poor. Our goal here, instead, is to document this fact from various
perspectives and to highlight its potential welfare implications. Along the way, based
partly on our own data and partly on the literature, we raise some candidate explanations.
But a lot of further research is needed to fully address this question. What seems clear
is that an inward-looking analysis of the US health system, considering only marginal
changes in expenditures in specific procedures, though obviously valuable, is unlikely to
be able to address systemic problems, which may be an important source of inefficiency.
In addition, we believe this broader long-term perspective brings relevant information
to the debate on the 2013-2018 reduction in life expectancy. Explanations based solely on
exceptional circumstances associated with this episode are unlikely to be fully satisfying,

given the long-term trend of deterioration in relative health performance that predates it.

We are obviously not the first ones to consider the performance of health in the US
from an international lens. A large body of research, such as Crimmins et al. (2010),
Palloni and Yonker (2016), Ho and Hendi (2018), and Woolf and Schoomaker (2019), among
others, has analyzed some of the aspects that we emphasize here. We save the detailed
discussion of this literature to the next sections, but highlight that our paper adds to the ex-
isting body of work by adopting a broader perspective in various dimensions—including
comparison sample, age groups, and causes of death—and by conducting an explicit

analysis of the welfare costs of the recent US performance.

The remainder of the paper is structured as follows. Section 2 looks at historical data and
the literature and discusses the timing of the reversal in the relative US life expectancy
performance. Section 3 looks at the evolution of mortality by age groups and causes
of death, and at differences in lifestyle, to better characterize the changes in mortality
and to shed light on their potential underlying determinants. Section 4 looks at health
expenditure data with a similar objective. Section 5 calculates the welfare loss from the
limited improvements in life expectancy in the US considering various counterfactual

scenarios. Finally, section 6 concludes the paper.



2 US Life Expectancy from a Long-Term Perspective

A growing body of research has analyzed and characterized historical life expectancy and
mortality trajectories in the US. This includes comparisons over time, to peer countries, for
different age groups, and by cause of death. An encompassing assessment of this literature
suggests a remarkable contrast between an increasingly consolidated map of stylized facts,

and a puzzling lack of conclusive explanations for what this map shows.

On the one hand, extensive analyses and literature reviews have pointed out to an emerging
consensus (Crimmins et al., 2010; Woolf and Aron, 2013; Woolf and Schoomaker, 2019).
First, life expectancy in the US has improved substantially throughout the past century,
but the country has long experienced a consistent health disadvantage relative to other
high-income countries. Second, with some exceptions and many nuances, the US health
disadvantage and higher mortality rates are generally pervasive across age, racial, and
ethnic groups, states and counties, and socioeconomic strata, and it is observed for multiple
health conditions and diseases. Third, the gap has increased and has become more salient
as the long-term upward trend in life expectancy has recently reversed, following an
increase in all-cause mortality by the turn of the 2010s. The reversal is pervasive as well.
The singular US old-age mortality advantage once documented and widely publicized
has now been delayed and diminished. Many cause-specific mortality rates, in fact,
started to increase already earlier on, during the 2000s, particularly for midlife age groups

(Palloni and Yonker, 2016; Woolf and Schoomaker, 2019).

On the other hand, the literature is inconclusive when it comes to understanding the
determinants of this US disadvantage. No single factor is able to fully explain why the
country is outperformed by its peers in general, and what accounts for the recent reversal
in life expectancy in particular (Woolf and Schoomaker, 2019).? The US disadvantage in
life expectancy is not only a pervasive phenomenon but also dynamic, in the sense that it

is likely to reflect a contrived compositional effect and the lagged timing of exposure to its

2As documented by Woolf and Schoomaker (2019), midlife mortality rates have increased for 35 causes
of death, across all racial groups, primarily led by drug overdoses, alcohol abuse, suicides, and a diverse
list of organ system diseases. In particular, the authors point out that a major cause of increasing midlife
mortality has been a large increase in fatal drug overdoses.



underlying determinants.

This complexity perhaps helps explain why most research has focused on specific demo-
graphic groups, health conditions or periods of time, usually in an attempt to come closer
to isolating immediate causes. In fact, few studies take a broader view, in which the US
performance is put into long-run perspective and compared to a large set of countries.
Ho and Preston (2010), for example, look at the US performance in international rankings
throughout the 1960-2005 period, but focus on age groups beginning at 40 and restrict
the comparison to high-income countries. Thakrar et al. (2018) examine the US health
performance over the 1960-2010 period in comparison to 19 OECD countries, but restrict
the analysis to child mortality. Palloni and Yonker (2016) also compare the US to its high-
income peers and cover a longer period, 1955-2010, but focus specifically on the changes
in the US old-age advantage. Woolf and Schoomaker (2019) provide a comprehensive
analysis of life expectancy and mortality rates in the US throughout the 1959-2017 period,

but do not compare it to other countries.

In what follows, we contribute to the effort of characterizing the US life expectancy
disadvantage by extending the analysis to a broader set of countries and by systematically
assessing the inflections in the US relative historical performance dating back to 1960.
We rely on data on life expectancy at birth throughout the 1960-2016 period from the
World Bank’s World Development Indicators. For the sake of conciseness, we focus our
discussion in this section on the US and averages for geographic groups of countries. Our
comparison sample includes a total of 107 countries of various development levels (refer
to Appendix F for a list of the countries included in this sample). In some exercises, we
also normalize life expectancy numbers to 100 in 1960 and analyze relative changes, or
compare cross-country rankings over time. This analysis is complemented in the next
section, where we decompose changes in life expectancy into the underlying contributions

of age groups and causes of death.

The broader perspective taken here allows us to uncover certain patterns of evolution in
life expectancy that call into question some common interpretations of the exact timing

of emergence of the US disadvantage. We start by presenting, in different ways, the



performance of life expectancy in the US in comparison to that observed in different
groups of countries. Figure 2 introduces our first pieces of evidence. For reference, Figure
2A reproduces one of the figures from the introduction and shows overall trends in life
expectancy for the US and for various groups of countries. Figure 2B plots these same
trends converted into indices set to 100 in 1960. Two patterns immediately standout. First,
in Figure 2A, one can see that the average slope of the trajectory of life expectancy in
the US is the smallest among all country groups. In particular, the average slope is also
small when compared to Europe and the Western Offshoots, which started in 1960 at a
similar level. Second, Figure 2B restates this fact by showing that the US performance in

life expectancy was also the weakest when considered in relative terms.

To shed a little more light on these changes, Figure 2C zooms in on the comparison between
the US and other high-income countries, while Figure 2D presents the position of the US in
the life expectancy ranking of all countries. Both Figures 2C and 2D reinforce that the US
performance has long been inferior to that of other countries and that the US disadvantage
has long been increasing, except for the exceptional period between the late 1960s and
the late 1970s. Figure 2C shows that the US, despite starting from a marginally better
position, was already having a relatively worse trajectory than the average high-income
country in the 1960s. This trend reversed in the early 1970s, when the US experienced a
relatively better performance that lasted for roughly 10 years. After 1980, the US returned
to a relatively worse trajectory that was maintained up to the late 2010s. The ranking
positions depicted in Figure 2D tell precisely the same story: the US was already loosing
ground in the 1960s, then it experienced a short-lived recovery in the 1970s, and finally it
returned to its poor performance after 1980. Perhaps the most striking information from
Figure 2D is the fact that, while the US ranked 12 in life expectancy among our sample of
107 countries in 1960, its rank had fallen to 315t by 2016, outside of the top tercile of the

distribution.

The patterns depicted in Figure 2 allow us to analyze exactly when the US disadvantage
begins. Many studies document that the gap between the US and its high-income peers

started to increase in the early 1980s, an inflection that is clearly seen in the bottom two



graphs of Figure 2. This may in fact explain why some of the most comprehensive analyses
focus exclusively on the period starting in 1980 (eg: Crimmins et al., 2010; Woolf and Aron,
2013). We do observe a clear inflection point in the US disadvantage during the early
1980s, when the distance in life expectancy with respect to European countries and the
Western Offshoots starts to increase, and it is also clear that the gap had in fact declined
during the previous decade. But, going further back in time, we observe another inflection
point between the late 1960s and the early 1970s, when a previous divergent trend was
temporarily reversed and the gap started closing. Woolf and Schoomaker (2019) formally
test for inflection points in the life expectancy series for the US over the 1959-2017 period
and confirm that there are significant changes in the slope of the series in 1969 and 1979,

and then again in 2011 and 2014, when the reversal in levels begins.

We extend Woolf and Schoomaker (2019)’s analysis and formally test for inflection points
in the life expectancy series between 1960 and 2017 for the US, for the high-income
countries” average , and for the difference between these two series. We formally assess
inflection points by using segmented linear regressions to pinpoint changes in the slope
of life expectancy series. The regressions were estimated using the method developed
by Kim et al. (2000).> The authors propose a permutation test to identify the number of
significant inflection points (or joinpoints) in time series data. The method fits segmented
regression models using the grid search method of Lerman (1980) and estimates the p-
value of each permutation test using Monte Carlo simulations. The overall asymptotic

significance is adjusted through Bonferroni corrections.

The estimated joinpoints and slopes between each joinpoint are presented in Figure 3.
Figure 3A plots the results for life expectancy in high-income countries and in the US,
and Figure 3B presents the results for the difference between the two series. These results
are complemented by Table 1, which presents the slope estimates and its standard errors
(Panel A), and the difference between each segment slope and its standard errors (Panel
B). For the group of high-income countries, we find that slopes between joinpoints are

stable for most years, approximately in the range between 0.20 and 0.27, decreasing to 0.12

SRegressions were implemented using the Joinpoint Regression Program
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from 2013 onward. For the US series the slopes vary considerably, remaining generally
below the point estimates for the high-income series, except for the period between 1969
and 1979. In particular, we observe statistically significant inflection points in the late
1960s and late 1970s, when the slope of the difference between the two series becomes
negative (-0.068). The inflections found in 1969 and in 1979 mark the decade of 1970 as an
exceptional period for the US amidst an otherwise poor relative performance dating back
to 1960. This long-term relative deterioration is noted in Ho and Preston (2010) as well,
who look at the rankings of US age-specific death rates for females and males in ten-year

intervals since 1965.% This statistical tests confirm our previous qualitative discussion.

Figure 4 incorporates differences in income directly into this discussion. Figure 4A displays
the US relative position in comparison to Preston Curves estimated for different decades
and across all countries in the sample. Preston Curves give the average relationship
between income per capita and life expectancy at birth. They can therefore be interpreted
as representing the predicted life expectancy at birth given observed income per capita

levels.

Figure 4B plots the difference between the observed life expectancy in the US and its
expected level as predicted by the Preston Curves for each year in the 1960-2016 interval.
The patterns arising from Figure 4 are similar to those discussed before. The US appears
systematically below the Preston Curves and, except again for the period between the late
1960s and the late 1970s—and now for a reduction in the mid-2000s—the gap increases
throughout the period. In particular, we observe sharp increases in the US disadvantage in
the beginning of the decades of 1960, 1980 and 2010. The average gap for the entire period
hovers around a deficit of 4 years in terms of life expectancy at birth. So, as should already
be clear from the previous comparison with high-income countries, the overall patterns

discussed before hold irrespective of changes in income per capita over time.”

“We acknowledge that our analysis would allow more definitive conclusions if additional data for the
period before 1960 was available for international comparison.

5Tt is important to note that, as the US remains an outlier in income per capita over the entire period,
the distance between its life expectancy and the estimated Preston curve is particularly sensitive to out of
sample projections of the curve to higher income levels, which depend a lot on functional form and vary
substantially over time. The resulting time series is marked by a large number of joinpoints. Yet, the overall
patterns are qualitatively consistent with the main findings in Figure 3 throughout the 1960-1990 period.
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The long-term relative trajectory of life expectancy in the US thus suggests that its disad-
vantage begins much earlier on and may have deeper roots. This timing indicates that
these roots were laid much before many of the plagues whose prevalence has increased
more recently—such as obesity and substance abuse—became the dominant public health
concerns. So the role of these factors during the more recent changes in mortality has to
be understood within the context of a health system where relative health performance
had already been deteriorating for a considerably long period of time. In the next section,
we further investigate these issues by considering the contribution of mortality by age
groups and causes of death to the recent life expectancy dynamics, and by discussing the

underlying determinants of the relative US performance.

3 Explaining the US Life Expectancy Divergence

In this section, we focus on the role of age groups and causes of death in determining the
relative performance of life expectancy observed in the US between 1960 and 2016. We
also consider some potential determinants of the US relative performance by discussing,
based on the literature and available descriptive evidence, the extent to which differences
in mortality seem to reflect factors related to health system characteristics or individual

behavior and lifestyle.

3.1 The Role of Age Groups and Causes of Death

We now restrict the comparison group to the US peer countries belonging to the OECD for
which we have data on mortality by age group and cause of death. This leaves us with a
sample of 20 developed countries, listed in Appendix F. Our main data sources for this anal-
ysis are the Human Mortality Database for period life tables, and the World Health Organization
for cause- and age-specific mortality and lifestyle data. In order to maximize our sample
coverage, we use the mortality data averaged by decade: 1960s corresponds to the average
for the period 1960-1969 (or years available in this interval), 1970s corresponds to the

average for the period 1970-1979 (or years available in this interval), and so on, up to the
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2010s (which end with our last observation, 2016).

We classify mortality by the following broad groups of causes of death: (i) infectious
diseases, abortion and obstetric, congenital and perinatal conditions; (ii) neoplasms; (iii)
endocrine, metabolic, and blood diseases, nutritional deficiencies; (iv) heart and circulatory
diseases; (v) respiratory and digestive diseases; (vi) accidents, suicides and homicides; and

(vii) others.®

We decompose the difference in life expectancy at birth between the US and the sam-
ple of OECD countries into its age groups and causes of death contributions following
Arriaga (1984, 1989). The decomposition of differences in life expectancy between two
countries into the contribution of each age group can be obtained directly by using life
table parameters. If one assumes additionally that the distribution of cause-specific deaths
is constant within each age group, this method can also be applied for the decomposition
by cause of death (by using the life table parameters and the proportion of deaths from
each cause between ages x and x + n; for details, see Arriaga, 1989). We first decompose
the differences in life expectancy at birth between the US and each country in our sample
by age group and cause of death. Following, the contribution of each age group and cause
of death is averaged across the sample of comparison countries, so that we are able to
estimate their contribution to the difference in life expectancy between the US and the

average for the OECD sample.

Figure 5 presents the contributions of, respectively, age groups and causes of death to the
difference in life expectancy at birth observed between the US and our sample of OECD
countries between the 1960s and 2010s.” In both figures, the dashed line indicates the total
difference in life expectancy between the US and the the OECD sample, while the various
symbols indicate the part of this difference that is attributable to each cause of death or
age group. In line with the discussion from the previous section, Figure 5 shows that the
difference in life expectancy at birth between the US and its peers started at close to 1

year in the 1960s, declined to roughly 0.5 year in following decade, and then increased

®See Appendix G for a description of the grouping of the mortality codes from ICD-7, ICD-8, ICD-9, and
ICD-10 into the broad categories (i)-(vii) identified in the text.
’See Appendix A for trends on specific combinations of age groups and causes of death.
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monotonically to reach close to 3 years in the 2010s. So the more restricted sample of

OECD countries considered in this section does not change the story outlined previously.

The distribution of the total difference in life expectancy across age groups is very hetero-
geneous, both in terms of level and dynamics. Differences in mortality between ages 0
and 4 played no role in the 1960s, but became positive, though still small in magnitude
(below 0.5 year) by the 2010s. Mortality rates between ages 5 and 14 played virtually no
role in explaining differences in life expectancy at birth throughout the period. These
results do not contradict the fact that the US has long had poorer child health outcomes
than other high-income countries, as documented by Thakrar et al. (2018), but rather that
child mortality does not contribute much quantitatively to the differences observed in life

expectancy at birth. This is due to the overall small mortality rates for younger ages.

Adult mortality, on the other hand, appears as extremely important to explain the changes
in the difference in life expectancy at birth. As documented in Ho and Preston (2010),
the US has long occupied low positions in developed countries rankings of age-specific
mortality rates before age 59, both for males and females. In Figure 5A, we observe
that differences in life expectancy explained by mortality during prime ages, between 15
and 59, were already large, reaching over 1 year, in the 1960s. These differences were
reduced a little bit until the 1980s, falling slightly below 1 year, but then started increasing
again reaching close to 2 years in 2015. This pattern echoes the evidence presented
by Vierboom and Preston (2017), who show that the US disadvantage in mortality rates
for ages below 60 was more pronounced in the period 2001-2014 than in 1986-2001 (in
comparison to 12 OECD countries). This is particularly relevant as it helps distinguish the
case of the recent decline in life expectancy in the US from what has happened in other
high-income countries. As documented in Ho and Hendi (2018), while most high-income
countries in their sample experienced declines in life expectancy in 2014-15, predominantly

driven by ages above 65, in the US the reversal already appeared clearly at younger ages.

Yet, the case of mortality above 60 years-of-age is the most salient evidence from Figure
5A. As tirst documented by Manton and Vaupel (1995), the US once had an advantage

over other developed countries when old age mortality was considered. This was clear
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in the comparison of survival rates of American cohorts born in the late 19 century
with populations from Japan, Sweden, France, and England (including Wales). Figure
5A shows that, before the 1990s, this old age mortality advantage still existed. Up to the
1980s, mortality above 60 contributed to reduce the difference in life expectancy at birth
in relation to the OECD sample. In the 1970s, for example, the American advantage for
this age group reached roughly 0.5 year. In the 1980s, this advantage decreased back to
the levels observed in the 1960s, and then disappeared in the 1990s, after when the US
started falling behind as well on mortality above age 60. By 2015, differences in mortality
above 60 contributed in almost 1 year to the life expectancy disadvantage of the US in
relation to the OECD. As noted by Ho and Preston (2010) and Palloni and Yonker (2016),
the old-age mortality advantage of the US when compared to other developed nations has

been moving monotonically into older and older ages.

It is clear from Figure 5A that mortality above age 15 accounts for the bulk of the movement
in the life expectancy disadvantage between the 1960s and the 2010s. Mortality rates
between 15 and 59 and above 60 contributed to different extents to the reduction in the
gap observed in the 1970s, and to the increase observed thereafter, but both display similar
patterns in terms of dynamic behavior, though with slightly different timings for the
reversal. This immediately raises the question of what causes of death within these age

groups account for the observed changes in the relative performance of life expectancy.

Figure 5B presents the same decomposition exercise from Figure 5A, but for causes of
death. Before the 1980s, the US had some advantage in mortality by respiratory and
digestive diseases and other causes of death, which explained the initially lower mortality
observed above age 60. This advantage continuously decreased since the 1960s, and was
lost and turned into a small disadvantage from the 1980s onward. For heart and circulatory
diseases, the US had a large disadvantage in the 1960s, of roughly 1.5 years, enough
to explain more than the total difference in life expectancy at birth at that point. This
difference was reduced to close to zero in the 1980s, and then started opening up again to
reach close to 1 year in the 2010s. For homicides, accidents, and suicides, the US always

had some disadvantage. This disadvantage increased almost monotonically from below
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0.5 year in the 1960s to close to 1 year in the 2010s. For the groups that include infectious
diseases and endocrine conditions, there was no difference between the US and its peer
countries in the 1960s, but a difference of slightly below 0.5 year appeared by the 2010s.
Finally, neoplasms seem to play no significant role in explaining the differences in life

expectancy at birth at any point during this period.

One striking feature of Figure 5 is that the US has experienced relative losses in life
expectancy since the 1960s (when compared to peer countries) across virtually all age
groups and causes of death, with few exceptions. The first exceptions are ages between
5 and 14 and causes of death related to neoplasms, for which there was no noticeable
relative change throughout the period. The second set of exceptions are for ages 15-59 and
causes of death related to heart and circulatory diseases, which contributed to a substantial
reduction in the US disadvantage from the 1960s to the 1970s, followed by a rebound and

an increasingly positive contribution from the 1980s onward (see Appendix A).

The exceptional period from the late 1960s until the late 1970s and early 1980s marks
the arrival of both institutional and technological innovations that could help explain
the relatively positive performance of health outcomes and the decline of the US dis-
advantage during this time. First, the timing of the narrowing of the gap between the
US and its peer countries coincided with the introduction of Medicare and Medicaid in
1965. However, improvements in the gap were transitory and contrast with the results
in Finkelstein and McKnight (2008). For instance, while we do observe that mortality
for ages above 60 substantially contributed to relative improvements in life expectancy
throughout the 1970s and early 1980s, the authors did not find any discernible impact on
elderly mortality in the first 10 years of exposure to Medicare. More generally, the gap in
life expectancy for those over age 60 grew continuously during recent years, despite the

fact that most of these individuals are eligible for Medicare.

On the other hand, the fact that the positive patterns are concentrated on ages above 15,
and on causes of death related to heart and circulatory diseases, is consistent with the
timing of the introduction of relevant innovations in medical treatment. As mentioned in

Goldman and Cook (1984), “in 1968 a surprising epidemiologic phenomenon appeared:
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after decades of increase, mortality rates from ischemic heart disease in the United States
began to decline” (p.825). As the authors document, this decline coincided with many
medical innovations, including some designed for patients with symptomatic ischemic
heart disease. According to their estimates, about 40% of the decline in ischemic heart
disease mortality observed between 1968 and 1974 could be attributed to these specific

medical interventions.®

The extent to which these innovations contributed to a transitory reduction in the US
disadvantage in comparison to other countries depends on whether access to new treat-
ments and information was disseminated more rapidly in the US. Higgins and Thom
(1989) show that the declines in coronary heart disease death rates in the US from the
mid-1960s onward were greater for acute myocardial infarction, for younger age groups,
for the white population, and for higher socioeconomic groups. They also document that
the number of coronary care units increased and the in-hospital fatality rate decreased.
This suggests that favorable access to new treatments played a relevant role within the US.
More generally, however, it is difficult to trace out precisely the international diffusion of
medical innovations across countries (Heidenreich and McClellan, 2003). Yet, the existing
evidence suggests that the adoption of high-tech procedures—such as cardiac catheteriza-
tion, bypass surgery, and angioplasty—increased more rapidly in the US in comparison to
many other high-income countries (McClellan and Kessler, 2002).° Rapid adoption of new
treatments may have driven the US’s initial advantage in heart and circulatory diseases

during the first stages of the diffusion of the technological innovations mentioned here.

Figure 5 generally indicates that health advantages turned into disadvantages, while
previous disadvantages increased over time. We test the robustness of these descriptive

patterns by using segmented linear regressions to identify slopes and inflection points,

8These include the development of coronary care units, cardiopulmonary resuscitation, coronary artery
bypass surgery, medical treatment of ischemic heart disease and drug treatment of hypertension. For
example, Weisfeldt and Zieman (2007) presents a timeline showing relevant device and drug innovations in
coronary artery disease dating back to the publication of clinical trials in 1970 (vein bypass surgery and drugs
for hypertension) and 1978 (angioplasty). For an overview of the various explanations for the decline in
cardiovascular disease mortality, including preventive care and behavioral changes, see Cutler and Kadiyala
(2003).

9The authors attribute this pattern to differences in the financial and regulatory incentives for innovations
in high-tech medical practices.
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and formally assess on econometric grounds the role of age groups and causes of death
in determining the relative performance of life expectancy observed in the US. We rely
on a sub-sample of 13 countries for which we have yearly data for the entire period, so
that we have enough observation to perform the time-series tests (Appendix F lists the
countries included in this sample). Results are presented in Appendix B (decomposition by
age group) and in Appendix C (decomposition by cause of death). We observe that slopes
are generally positive and statistically significant for a number of age groups and causes
of death throughout the early 1960s, except for small (and mostly non-significant) point
estimates for ages 5-14 and above 60, and for heart and circulatory diseases, and the group
of endocrine, metabolic and blood diseases. Slopes become markedly negative throughout
the 1970s for heart and circulatory diseases and ages above 15, until a new inflection is
identified in the early 1980s. A similar but smoother pattern is also observed for accidents,
suicides and homicides (slope becomes mildly negative between 1968-1983), as well as for
infectious, abortion, obstetric, congenital and perinatal conditions (between 1967-1976).
Slopes remain either positive or statistically insignificant across all age groups from the
mid-1970s and the early 1980s onward; the same occurring with most causes of death,
except for specific segments related to endocrine conditions (1995-1999), neoplasms (2000-
2011), and infectious, and infant/maternal-related causes (1988-1996 and 2000 onward).
Again, these statistical results reinforce the interpretation from our previous qualitative

discussion.

Overall, the magnitude of the contribution of the various age groups and causes of death
to the dynamics of the life expectancy gap has been heterogeneous. But it remains true that
the trend towards deterioration in the relative performance of life expectancy at birth is
more general than usually assumed. This simple fact casts doubts on rationalizations of the
poor relative performance of life expectancy at birth in the US that rely on specific causes
of death or age groups. If anything, as recently documented by Woolf and Schoomaker
(2019), this has been a general phenomenon. It is also remarkable that the deterioration of
the US’s relative position has been increasingly apparent since as far as 1960, except for the
period between the late 1960s and the late 1970s, and for a few particular causes of death

and age groups.
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3.2 Health System Performance and the Role of Behavior and Lifestyle

Woolf and Aron (2013) conjecture that deep-rooted underlying individual and social pref-
erences in the US, by shaping political and policy choices, may have contributed to a
weaker societal commitment to the health and welfare of a large portion of the population.
Within this broader context, however, are there specific factors that can account for the
relatively poor mortality performance across different age groups and causes of death?
There is a long-lasting and still inconclusive debate on whether the US performance reflects
health policy choices and inefficiencies in the health care system, or behavioral and lifestyle
factors that would increase the incidence of diseases irrespective of the functioning of the

health care system.

International comparative studies take two different approaches to evaluate the efficiency
of the US health system. The first approach considers trends in health indicators and in
health spending, often concluding that the US health care system is inefficient as spending
in the US is higher than in its OECD peers, while health indicators are often worse
(Anderson and Frogner, 2008; Schoen et al., 2006). This stream of studies suggests that
increasing coverage and reducing the inequality in access to health care and to quality of
care would likely increase the value per dollar spent. Health coverage has indeed lagged
in the US. We rely on data from Lozano et al. (2020) to estimate an index of universal
health coverage (UHC) for several countries in the 1990-2019 period. Appendix Table E.1
replicates the UHC index estimated by the authors for the US and for our sample of OECD
countries. In 1990, the US ranked 6" according to the coverage index, above the averages
for high-income countries and the OECD. By 2019, the US had the lowest coverage. The
results therefore indicate that health care coverage in the US has lagged in comparison to
its peer countries throughout the last decades. Yet, evidence on whether lack of access to
health care explains the differences in outcomes between the US and its peer countries is
not conclusive. As previously mentioned, the distance between the US and other countries
narrowed throughout the 1970s because of the introduction of Medicare and Medicaid
in 1965. By contrast, Finkelstein and McKnight (2008) investigated the introduction of

Medicare and concluded that there was not much effect on mortality for people around
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age 65. More generally, the gap in life expectancy for those over age 60 grew during recent

years, despite the fact that most of these individuals are eligible for Medicare.

The second approach focuses on trends of major adulthood diseases, such as cancer and
cardiovascular conditions, and the effectiveness of the health system in avoiding death
through prevention, diagnosis or effective treatment. Preston and Ho (2009), for instance,
show that reductions in mortality from prostate and breast cancer declined especially
fast in the US relative to a group of peer countries, and suggest that these declines are
attributable to wider availability of screening and more intensive treatment. These would
be signs of efficiency in the health care system.!® Yet, the authors also note that this
performance relates to what happens after a disease has developed. If one considers the
higher prevalence of major adult diseases in the US, it is possible that the US health care
system performs poorly in preventing disease.!! Maternal deaths, for example, although
mostly preventable, have been increasing in the US and recently reached the highest rate
among developed countries. This may reflect the fact that the US experiences a relative
under-supply of maternity care providers, in particular midwives, and lack comprehensive
postpartum support (Tikkanen et al., 2020). It also denotes little attention being paid to

primary care needs.

Indicators of population health, such as life expectancy and mortality rates by age groups
and causes, however, might reflect not only the efficiency and coverage of the health
care system, but also individuals’ lifestyles and behavior. Such behavior can include
smoking, drinking, diet patterns, other forms of substance abuse, and physical exercise. In
fact, studies on life expectancy decomposition often assess the role of potentially relevant
lifestyle factors, such as smoking and obesity.!? Preston et al. (2011) suggest that, in a
ranking of life expectancy at age 50 among 20 OECD countries, after putting aside deaths

attributable to smoking, the US position would improve from 14t to 9" for men, and from

19The authors argue that these types of cancers are not typically preventable and are not influenced by
behavioral risk factors. In that case, mortality from these cancers is an indicator of health system performance.
But, precisely for this reason, this argument only applies to the curative dimension of a health system.

HGee Thorpe et al. (2007) and Avendano et al. (2009) for evidence on disease prevalence from an interna-
tional comparative perspective.

12Smoking and obesity are the most studied lifestyle factors. This occurs not only for their relevance, but
also because of the availability of data and methods to assess their impact on mortality and longevity.
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18t to 7" for women. Cutler et al. (2003) show that recent trends in obesity in the US are
worse than in developed countries, while Preston et al. (2018) suggest that between 1988
and 2011 the increase in the Body Mass Index (BMI) in the US reduced life expectancy at
age 40 by roughly one year.

We further examine comparative patterns of behavior and lifestyle factors by gathering
the available data on proxies for lifestyle for our sample of 20 OECD countries (over
the longest period available). Data on BMI, overweight and obesity prevalence, physi-
cal inactivity, and alcohol consumption were collected from the WHO Global Database
(World Health Organization, 2020). Data on tobacco consumption and smoking preva-
lence were collected from IHME (2014). Table 2 presents descriptive statistics for the
US and the OECD sample average. Trends in BMI, overweight and, especially, obesity
are relatively more adverse in the US, with obesity prevalence reaching almost 40% of
the population in 2015. Data on physical inactivity prevalence, only available for 2016,
also depict an adverse scenario for the US. When it comes to smoking, the reduction
in prevalence between 1980 and 2012 was more pronounced in the US, but the average
consumption in 1980 was considerably higher in the US, with similar prevalence levels.
Data on alcohol consumption suggest lower levels of consumption for the US in 1970, but

a slower reduction over time.

Quantifying how much of the historical mortality differences between the US and other
OECD countries might be attributed to differences in lifestyle factors is often limited by
the availability of cross-country data on lifestyle proxies and by our understanding of
their association with mortality patterns by age-groups. Preston et al. (2011) propose a
methodology to estimate the share of overall mortality attributable to smoking. We assess
the contribution of smoking to the differences in life expectancy between the US and OECD
by relying on their methodology and applying their estimates to our data.The methodology
and the way we use their estimates in our context are described in detail in Appendix D.
The results from this exercise are presented in Appendix Figure D.1. The figure shows
that mortality attributable to smoking contributed positively to the differences in life

expectancy, with the difference ranging from 0.03 year in the 1960s to 0.32 year in the
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1990s. So, as expected, smoking indeed was associated with overall higher mortality
in the US when compared to the OECD, but these differences had a minor impact on
tinal life expectancy numbers. Particularly important for our discussion, this difference
tended to shrink over the last decades, when differences in life expectancy between the
US and OECD started to become more stark. Smoking, therefore, is unlikely to be a major

contributing factor to the trends discussed in previous sections.

Overall, multiple factors are likely to underlie the relatively poor performance of life
expectancy in the US. While the deterioration of the US’s relative position has been
increasingly apparent since as far as 1960, including in some causes from preventable
conditions, disentangling its specific determinants has proven difficult in light of the
potential confounding role of individual behavior and lifestyle. Yet, this implicit dichotomy
between health system and individual behavior should be taken with a grain of salt if one
thinks that health care systems should have more than a curative role. If health policy
should also be responsible for preventing disease—through medical means, such as access
to primary care, but also through educational campaigns and regulation of food and
drugs—, then even some of the lifestyle aspects discussed above would still partly fall
under a health system’s attributions. In this sense, the extent to which prevention has more
or less to do with private behavior versus health policy and regulation is open to debate.
This adds another layer of complexity to the discussion on whether the relatively poor
performance of the US in international rankings is determined by the under-performance

of its healthcare system or by factors exogenous to the system.

4 Historical Changes in the Pattern of Health Spending

The trends discussed in the previous two sections are all the more puzzling because health
expenditures in the US have grown at an accelerating rate in recent decades. In this section,
we look at the changes in health spending in the US and its peer countries to shed further

light on this phenomenon.

Figure 6A shows trends in health spending per capita (measured in 2011 PPP US$) and
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Figure 6B presents the same data measured as percentage of the GDP (for the US and the
OECD average). We rely on data from OECD Health Data for health spending and from
the Penn World Table for GDP and population. The sample used in the figure is the same
from Section 3 and the values are again presented as averages per decade (see Appendix F

for the list of countries included in this sample).

From the 1970s to the 2010s, health spending as a percentage of the GDP in the US
increased from around 7% to 17%, while health spending per capita increased from $1,466
to $9,462, roughly twice the OECD average health spending. As a percentage of the GDP,
the difference in health spending between the US and the OECD corresponded to roughly
1.5 p.p. in the 1970s, but increased to over 7 p.p. in the 2010s.

Since the seminal work by Newhouse (1977) identifying income as the most relevant
factor explaining cross-country differences in the level and growth of health expenditure,
the level of health expenditures in the US has become a recurring topic of debate in the
health economics literature. This debate revolves around understanding the determinants
of health expenditures and whether health expenditure levels reflect a higher marginal
willingness to pay for life extensions, due to higher income, or to some extent inefficiencies

in the functioning of the US health system.

Early research typically focused on estimating the income elasticity of expenditures on
health. While cross-country studies looking at developed countries usually reported
elasticities of 1.0 and higher, suggesting that health care is a luxury good, individual level
studies often found contradicting evidence, pointing to health care as a necessity good.
Getzen (2000) and Gerdtham and Jénsson (2000) provide detailed surveys of this literature,
covering the last decades of the 20t century. The vast majority of these early studies relied

on simple correlation analysis, with results covering a wide range of estimates.

More recently, Murphy and Topel (2006) provide an expression for the income elasticity of
the value of a life-year, and argue that demand for health is likely to be income elastic. In
particular, richer societies would invest proportionally more in health because life itself is
more valuable. Hall and Jones (2007) emphatically argued that health spending seems to

behave like a luxury good. Their model suggests that as income rises and the marginal
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utility of consumption falls, purchasing additional years of life is the most valuable type
of expenditure. In part motivated by this macro literature with strong predictions of
income elasticities above 1, Acemoglu et al. (2013) provided one of the first studies with a
plausible identification strategy to estimate the general equilibrium income elasticity of
health spending. Their estimates suggest that income is unlikely to be a main driver of
the growth in health spending observed between 1960 and 2005. Baltagi et al. (2017), in
turn, offer a global perspective on the income elasticity and its heterogeneity for different
levels of income. With a panel of 167 countries from 1995 to 2012, their estimates suggest
that, at the global level, health care behaves mostly as a necessity good and that as income

decreases, the elasticity tends to increase.

A few non-income determinants of health spending have also received attention in the
literature, including demographics, structure of health care financing, and access to and
types of health insurance, among others. In an accounting exercise for the US, for example,
Newhouse (1992) argues that the income and non-income factors typically considered,
even when taken together, are not enough to account for the increase in health expenditure
observed in the last decades. Several studies attribute the unexplained residual growth to
technology (Newhouse, 1992; Peden and Freeland, 1998; Smith et al., 2009), with a number
of papers looking at the impact of technology on expenditures also supporting this view
(Holahan et al., 1990; Cutler and McClellan, 1996; Okunade and Murthy, 2002). Institu-
tional aspects as well seem important. Finkelstein (2007), for example, suggests that the
spread of insurance resulting from the introduction of Medicare in the 1960s accounts for
half of the increase in spending from 1950 to 1990, and that it is associated with increases
in the use of medical resources, in particular hospital entry and the adoption of cardiac
technologies. Smith et al. (2009) argue that technological innovation is influenced by the
size of the market, that in turn is influenced by the penetration of insurance coverage
and income. They suggest therefore that the contribution of technology is smaller than
estimated by Newhouse (1992), but attribute an important role to the interactions between

income, insurance, and technology.

Another body of research takes an international comparative perspective and analyzes

24



the diverging health expenditure trends portrayed in Figure 6. These papers shed light
on several candidate explanations for the difference in health spending across the US and
the OECD. Anderson et al. (2003) show that, though the US spends more on health than
any other country, in most aggregate measures of utilization of health care the US is below
the OECD median, suggesting that the observed spending discrepancy is caused mainly
by higher prices for health care. While analyzing recent trends in expenditure growth,
Lorenzoni et al. (2014) also points to prices as explaining a major part of this difference,
and highlights that this could become even more relevant in the future, as the US faces
health coverage challenges. In addition, research has shown that health care administrative
costs are far greater in the US than in Canada (Aaron, 2003; Woolhandler et al., 2003) and

explain 39% of their difference in hospital spending (Pozen and Cutler, 2010).

Another relevant aspect is that several costly chronic conditions, such as heart disease,
cancer, and diabetes, have higher prevalence and treatment rates in the US, reflecting
differences in underlying health status and medical practices, and resulting in higher
per capita expenditures (Thorpe et al., 2007). Other papers look at population aging as a
source of increasing expenditures, but often find that, from a comparative perspective, it

has modest differential impacts (Newhouse, 1992; Meara et al., 2004; White, 2007).

To provide a more detailed picture of the recent historical trends, we further restrict our
sample to the 16 OECD countries that allow us to work with yearly data (instead of by
decade; see Appendix F for a list of the countries included in this sample). Figure 7A plots
an index of total health spending as a percentage of the GDP, while Figure 7B portrays the
percent growth in spending as percentage of GDP for each decade. Figure 7C and Figure
7D display the same plots for health spending per capita, also for the restricted sample.
During the 1970s, the US presented a lower growth in spending as percentage of GDP,
reversing this trend in the 1980s, when the growth rate became considerably higher. In
the following decades, the US growth was roughly in line with the OECD average. These
tigures suggest that the trend observed in the most recent data has been in place at least
since the end of the 1980s. When we look at the index for health spending per capita, the
US growth pattern is overall very similar to the OECD average. From 1970 to 2016, the last
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year for which we have data, the US and the OECD present almost the same accumulated
relative growth in spending per capita, with the US beating the OECD growth only during
the the 1980s. White (2007) decomposes real health spending growth into growth in GDP
per capita, population aging, and excess growth and argue that the US, in contrast to
Figure 7, has an unusual long-term health spending growth. While during the period
between 1970 and 1985 US excess growth (2.0%) was marginally higher than the OECD
(1.7%), from 1985 onward the rate of excessive growth was notably higher (2.0% vs 0.6%).

The level of health spending by itself would not be an issue if it provided reasonable
value. But, from a comparative perspective, the previous sections indicate that this does
not seem to be the case in the US. Even in the 1970s, the US and the OECD had roughly
the same life expectancy at birth, but health expenditures were already higher in the US.
Several recent studies attempt to quantify the value of medical spending in the US. These
studies focus mostly on the cost effectiveness of specific medical interventions and usually
conclude that medical treatments seem to provide reasonable value (Cutler and McClellan,
2001; Skinner et al., 2006; Eggleston et al., 2009, 2011). An exception to this approach is
Cutler et al. (2006), who provides estimates of the value of the US medical system as a
whole. Their estimates suggest that, with the exception of spending in the elderly, the
increase in medical spending from 1960 through 2000 provided some reasonable value
in terms of health outcomes. This literature contrasts somewhat with the applied micro
literature on efficiency of health expenditures, which explores natural experiments and also
focuses on specific medical interventions. In general, these studies find mixed evidence,
with some suggesting that marginal expenditures in health care are cost effective and
others suggesting otherwise (see, for example, Almond et al., 2010; Doyle Jr et al., 2015;
Duggan et al., 2018).13

Virtually all the developed world spends less on health and reaches considerably better
health outcomes than the US. From a comparative and systemic perspective, the evidence

seems to challenges the notion that the US health system, broadly understood, has been

13Ehrlich and Yin (2013) provide theoretical and numerical support to the idea that spending of a curative
nature has more to do with demand than with increases in survival, so that it may be misleading to look at
overall health spending as an indicator of system effectiveness in improving outcomes.
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cost-effective. This is particularly true if one considers that the function of a health system
is not simply curative, but also includes prevention in its various forms (e.g., access to
primary care, educational campaigns, and regulation of food and drugs). The next section

considers explicitly the potential welfare losses implied by this recent performance.

5 Life Expectancy Gains and Welfare in the US

5.1 Methodology

In this section, we apply the methodology proposed by Becker et al. (2005) to assess the
relative welfare losses from the limited gains in life expectancy observed in the US in the
last decades. To do so, we consider various alternative scenarios combining counterfactual
life expectancy and health expenditures based on OECD numbers. The objective of these
exercises is to assess how welfare would have evolved if the US were able to reproduce the
performance observed in other developed countries. In principle, this should have been

an achievable goal, so it seems to be an appealing counterfactual.

Consider a simplified version of the methodology proposed by Becker et al. (2005), where
individuals live for a deterministic lifetime T and earn in every period of life a constant

yearly income y. Define lifetime income Y and the indirect utility function V(Y, T) as:

T T T
V(Y,T) = max/ e Pu(c(t))dt st. Y= / e "ydt = / e "e(t)dt, (1)
{e(®)} /0 0 0

where c(t) is consumption at age ¢, r is the interest rate, and p is the subjective discount

factor (and where the budget constraint assumes perfect capital markets).

The metric we use for welfare evaluation is based on how this hypothetical individual
would compare two alternative scenarios, one with lifetime income and life expectancy Y
and T, respectively, and another with Y/ and T’. Define the infra-marginal income W(T, T")
as the compensation that would give this individual the welfare observed under Y and T,

but with life expectancy T:
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VY +W(T, T, T)=Vv(',T). ()

The compensation W(T, T’) represents the monetary value, in terms of lifetime income,
of the gain in life expectancy AT = T’ — T. Assume that p, the subjective discount rate, is
equal to the interest rate r. In this case, optimal consumption is constant throughout life
and equal to the constant flow of income y, so that the indirect utility can be written as a

function of yearly income y:

V(y,T) = u(y)A(T) ©)

with A(T) = 1-exp(—rT) e can define w(T, T') as the yearly analogue to the lifetime

7

compensation W(T, T'):
u(y' +w(T,T')A(T) = u(y') A(T") (4)

So, with the simplifying assumptions discussed above, the monetary value of the total
welfare gains—including improvements in health and income—observed between the
two periods, when expressed as a flow of annual income, can be written as (v’ — y) + w.

Similarly, the contribution of health to the total welfare gain in the period is defined as

w/[(y —y) +wl.

In principle, one can write w explicitly by inverting the instantaneous utility function u(.):

APAT)

v A(T)

(5)

Again, w can be interpreted as the value that an individual earning i’ in every period of
life and living to life expectancy T attributes to the gain in life expectancy AT = T' — T.
By definition, w measures this value as a flow of annual income, and W is the analogue

measure in terms of lifetime income.

We are used to looking at the growth in income per capita as an indicator of the im-

provements in living conditions experienced by a country. This notion brings implicitly
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the idea that income per capita captures the typical living standards experienced by the
population of a given country. The methodology proposed by Becker et al. (2005) extends
this same view to life expectancy and considers the hypothetical individual living to the
life expectancy observed at a point in time in that country and earning its income per
capita throughout life. Welfare considerations are then made from the perspective of this
individual at birth. This approach can be further motivated by the idea of an individual
before birth, under the veil of ignorance, considering average welfare conditions prevalent
in different societies and attributing monetary values to certain improvements in health
observed in the past. It allows for welfare comparisons, with some economic content,

based simply on aggregate data that are typically available for a large number of countries.

In our setting, differently from Becker et al. (2005), we net out health expenditures per
capita from the income per capita numbers. Health is partly endogenous to expenditures
and this helps to deal with this potential limitation. It is particularly important to take
this dimension into account in our case, given the trajectories of expenditures on health
observed across the US and other OECD countries in the last few decades. In addition,
since we are focusing this exercise on developed countries, we are able to obtain health ex-
penditure data for a relevant sample. Becker et al. (2005) did not do the same because they
were looking at a larger sample of countries and did not have data on health expenditures

for a considerable share of the sample.

We use the same functional form and calibrated parameters adopted before in this literature.

The instantaneous utility function is assumed to take the form

C1—1/7
M(C) = m + «a, (6)
where « arises from the normalization of utility in the "death" state to zero, and v is the
intertemporal elasticity of substitution. Under this functional form and using equation 5,

there is a closed form expression for w and, therefore, also for W.

Calibration of the parameters & and +y in the literature relies on the fact that « = ¢! =1/ 7(% —

u'(c)c

ﬁ ), where e = o) is the elasticity of the instantaneous utility function. This elasticity

29



can be calculated based on estimates of the value of a statistical life from empirical studies
of compensating differentials (for a detailed discussion, see Murphy and Topel, 2003). We
follow Becker et al. (2005) and use ¢y = 1.25, « =-16.2, and r = 0.03.

5.2 Results

We use the methodology described in the previous subsection to assess the value of the
life expectancy gains observed in the US and other OECD countries in the forty-year
interval between the 1970s and 2010s. In addition, we consider some counterfactual
scenarios analyzing how welfare gains in the US would have evolved during this period
if the country had been able to perform like the average developed country. Finally, we
also consider some scenarios that account for extreme versions of the potential economic
distortions that could accompany this improved health performance. The analysis is
restricted to OECD countries for which we have data on health expenditures in both
periods, corresponding to the same sample from Section 3.1, consisting of 20 OECD

countries (listed in the Appendix).

Table 3 presents the value of life expectancy and overall welfare gains between the 1970s
and the 2010s, according to the methodology proposed by Becker et al. (2005), for the US
and the OECD. The table also shows numbers for life expectancy at birth and income per
capita net of health expenditures for the two reference years. In this specific period, life
expectancy at birth increased by 6.5 years in the US and by 8.8 in the OECD, with a non-
trivial difference of 2.3 years between the two. The welfare value of these gains in health
were substantial, reaching around $100,000 in terms of present discounted value in both
cases. Despite the fact that the US had income per capita above the OECD average, and
therefore higher willingness to pay for improvements in health, the value of life expectancy
improvements was 24.5% higher for the OECD because of the higher life expectancy gains:
$118,832 as compared to $95,434. The value of overall gains in welfare, including increases
in net income, reached $678,212 for the US and $852,226 for the OECD. The absolute
difference is much higher than that associated with life expectancy alone because increases

in income net of health expenditures were also higher for the OECD. From the perspective

30



of our hypothetical individual at birth, overall gains in welfare are estimated to have been

26% higher in the OECD when compared to the US.

For illustration purposes, we also break down the OECD results according to the classifica-
tion of health systems: Bismark, Beveridge, and National Health Insurance models.!* The
health performance is homogeneously superior to the American one across the different
types of health systems. When considering the value of improvements in health, countries
in the Beveridge model have a performance only 9.4% above the American, due mainly
to the lower income per capita values in the 2010s. The best performance in terms of the
value of life expectancy and overall welfare gains is found in countries belonging to the
Bismark model, due to a combination of a high income per capita in 2015 with a superior
performance in terms of improvements in health and income (net of health expenditures):
our calculations indicate that these countries experienced overall improvements in welfare

close to 40% above those experienced by the US.

In the second part of the table, we consider five counterfactual scenarios for the US: (i)
reaching the life expectancy observed in the OECD in the 2010s and keeping everything
else constant; (ii) keeping the US life expectancy in the 2010s, but at the health expenditures
as a share of GDP observed in the OECD in the 2010s; (iii) keeping the US life expectancy
in the 2010s, but at the level of health expenditures per capita observed in the OECD in the
2010s; (iv) reaching the life expectancy observed in the OECD in the 2010s at the health
expenditures as a share of GDP observed in the OECD in the 2010s; and (v) reaching the
life expectancy observed in the OECD in the 2010s at the level of health expenditures per
capita observed in the OECD in the 2010s.

The first counterfactual indicates that, had the US reached the life expectancy at birth
observed in the OECD in the 2010s (81.6 years), gains in welfare would have been higher
by $43,665 in present value, corresponding to an improvement of 42% in terms of welfare
gains from life expectancy and to an improvement of 6.7% in terms of overall welfare gains.
Under this scenario, the contribution of health to overall improvements in welfare would

have increased from 14.1% to 18.7%.

14 Appendix H describes the classification of OECD countries within these groups.
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Once one brings health expenditures into the analysis, the picture becomes more extreme.
Keeping life expectancy at the 2010s US level, but reducing health expenditures to the levels
typically observed in the OECD would increase the total gains in welfare observed during
the period by between 17.5% and 20.3%, depending on the choice of health expenditure
reference point (in per capita terms or as a percentage of GDP). Combining both life
expectancy and health expenditures observed in the OECD would lead to improvements
in total welfare gains between 24.9% and 27.8%. These improvements represent lifetime
welfare gains of over $168,000. Under these scenarios, health would have contributed with
approximately 17.5% of the total gains in welfare experienced between 1975 and 2015. In
the best-case scenario—had the US been able to reach the OECD’s life expectancy at birth
at its level of health expenditure per capita—life expectancy would have been 81.6 instead

of 78.7, and net GDP per capita would have been $47,882 instead of $43,665.

A concern sometimes expressed in these types of comparisons between the US and other
developed countries is that the structural changes that would be needed to move US health
outcomes and expenditures closer to the OECD average would bring about other, indirect,
economic costs. Changes in the mode of delivery and financing of the health system
might, for example, affect incentives to work through changes in taxation and access to
benefits. Or improvements in health might require changes in lifestyle that would involve
a reduction in hours of work and an increase in time spent on healthy behaviors. In fact,
the evidence presented in Ehrlich and Yin (2005) supports the idea that individuals’ life
protective behaviors play a small but relevant role in explaining differences in mortality.
On the other hand, health status is positively related to hours of work and labor force
participation (Bartel and Taubman, 1979; Pelkowski and Berger, 2004; Cai, 2010; Cai et al.,
2014), so that improved health could instead bring about increased income. It is therefore
impossible, based solely on theoretical arguments, to figure out unequivocally the direction

of the bias arising from ignoring these secondary effects.

The data, in fact, shows that average working hours for those employed—or labor supply
at the intensive margin—tend to be higher in the US, while labor force participation and

employment rates—or labor supply at the extensive margin—tend to he higher in the
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OECD." It is obviously unlikely that these differences in labor supply patterns are due
entirely to differences in the modes of health financing and provision and to health related
behaviors. Differences in other types of taxation, welfare-state design, and culture certainly
account for an important part of them. Nevertheless, in order to assess the potential effects
of ignoring the indirect economic costs in our previous calculations, we make the extreme
assumption that all differences in hours of work and labor force participation across the
US and the OECD are due to factors associated with the differences in health systems
and health behaviors. In other words, we consider additional scenarios assuming that the
counterfactual US improvement in health discussed before would be inevitably associated
with changes in labor supply corresponding to the differences observed across the US
and the OECD. Based on this idea, we consider three additional counterfactual scenarios,
building upon scenario (v) in Table 3: scenario (vi) considers scenario (v) adjusting the US
average working hours in the 2010s to the OECD average; scenario (vii) instead adjusts the
US labor force participation in the 2010s to the OECD average; and scenario (viii) adjusts
both the US average working hours and labor force participation to the OECD averages.
In order to estimate the US net GDP in the 2010s considering the counterfactual working
hours and labor force participation, we maintain US labor productivity constant (GDP by
total hours worked in the data) and adjust the total amount of hours worked using average
working hours and participation numbers to calculate the new counterfactual net GDP
(the numbers for working hours and participation are presented in Appendix E). This new
counterfactual net GDP is then divided by the population to generate the GDP per capita
numbers used in the exercises. The results from these additional counterfactual exercises

are presented in the third panel of Table 3.

Relative to the scenario (v), once working hours are taken into account (scenario (vi)),
US net GDP per capita in the 2010s decreases from $47,882 to $42,887. Improvements
in total welfare gains are reduced considerably, from 27.8% to only 2.8%, and the health
contribution to total welfare gains increases from 17.4% to 19.1%. Adjusting instead the

labor force participation and employment rates (scenario (vii)) leads to an increase in US

15Data from the the Penn World Tables 9.1 (Feenstra et al., 2015) and the World Population Prospects
(United Nations, 2019).
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net GDP per capita in the 2010s from $47,882 to $51,405 and, therefore, to a considerably
higher improvement in total welfare gains, 45.4% vs 27.8%, and a slightly lower health
contribution to total welfare gains. When both working hours and participation are
combined, the net GDP per capita in the 2010s decreases by about 4%, to $46,074, the
improvements in total welfare gains are reduced from 27.8% to 18.7%, and the health
contribution to total welfare gains experiences a minor increase of 0.5p.p. Incorporating in
an extreme fashion the income effects of improving the US health status indeed reduces
the total estimated potential gain in welfare. Still, overall gains remain close to 20% under

our final counterfactual scenario, being, therefore, sizable.

One remaining issue in this welfare analysis, already discussed in previous sections,
is to what extent these changes in life expectancy, and therefore in estimated welfare,
are endogenous to individual behavior and reflect differences in lifestyle. In order to
shed some light on this, we consider four additional counterfactual scenarios that try to

minimize the role of lifestyle factors in our welfare calculations.

The four additional counterfactuals presented in the bottom panel of Table 3 consider
the following alternative scenarios: (ix) US 2010s life expectancy using the US 1970s
mortality attributable to smoking, based on the estimates from Preston et al. (2011) and
our own calculations; (x) US 2010s life expectancy using the OECD’s mortality attributable
to smoking in the 2010s, also based on the estimates from Preston et al. (2011) and our
own calculations; (xi) US 2010s life expectancy using the OECD’s mortality attributable to
obesity in the 2010s, based on estimates from Preston and Stokes (2011); (xii) a combination
of the two previous scenarios ((x) and (xi)). Appendix D provides a detailed description
of the methodology used to estimate these counterfactual scenarios. Scenario (ix) aims
at analyzing to what extent smoking was a main driver of the changes in life expectancy
in the US between the 1970s and the 2010s. The construction of this scenario relies on
the estimates from Preston et al. (2011) and, therefore, a similar exercise unfortunately
cannot be performed for the OECD or for mortality attributable to obesity. Scenarios
(x) to (xii) aim at clarifying whether current differences in the levels of mortality due

to smoking and obesity across the US and OECD can explain the divergence in gains
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in life expectancy over the forty-year interval considered here. So they generate 2010s
counterfactual life expectancy numbers for the US replacing mortality profiles attributable
to these two causes of death by those observed in the OECD at that same moment. These
four new counterfactual scenarios should be compared directly to the baseline US scenario

from the first row.

The last panel in the table shows that the new counterfactual scenarios change very little
the 2010s life expectancy numbers and, consequently, also have only minor implications
to the welfare calculations. Scenario (ix) is almost identical to the baseline US scenario.
Though maybe surprising, this comes from the fact that the impact of smoking on final life
expectancy numbers is roughly similar in the 1970s and in the 2010s. This impact actually
peaked in between these two decades, and the 2010s numbers represent a substantial
improvement in relation to the peak, but an improvement that simply brought the US back
to roughly 1970s levels (see Appendix Figure D.2). For a similar reason, the counterfactual
scenarios considering OECD’s smoking and obesity numbers have little implications for
our welfare calculations. At the final reference point used in our welfare calculations, there
are only minor differences in the impact of mortality due to these two causes of death
on life expectancy across the US and OECD. The profile of mortality due to smoking in
the 2010s is almost identical across the two, though only slightly higher for the OECD
sample. For obesity, the counterfactual scenario (xi) generates an improvement of 0.4 year
in life expectancy for the US, which, despite non-trivial, does not change our previous
conclusions in any substantial way. The final counterfactual scenario (xii), which abstracts
entirely from differences in mortality due to smoking and obesity across the US and OECD,
still indicates a gap of 2.5 years in life expectancy at birth. So lifestyle factors, as captured
by mortality due to these two causes of death, are unlikely to be main drivers of the

differences in welfare documented in this section.

All the welfare comparisons here are made from the Rawlsian veil of ignorance perspective,
implicit in the conception of the hypothetical life-cycle individual proposed by Becker et al.
(2005). There are various simplifying assumptions in this framework, which abstracts, for

example, from inequality, lifetime income and mortality profiles, and age-composition
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of the population. It is not clear, though, that incorporating these dimensions into some
measure of average gains in survival, potentially sensitive to population composition
along different dimensions, would alter our main conclusions. Consider, for example,
inequality and age composition. Latin America has inequality levels much higher than
those observed in the OECD and, still, the life expectancy gap between the two groups
of countries closed by more than 50% in the last decades, while that between the US and
OECD increased substantially. Since we are focusing on changes in life expectancy over
time, higher initial inequality should make further gains in life expectancy relatively easier,
not more difficult. Regarding age distribution, the OECD countries considered in our
sample have typically older populations than the US. So, also along this dimension, further
gains in life expectancy should have been more difficult in the OECD than in the US. A
deeper analysis would nevertheless be needed to fully explore how changes in population
composition along different dimensions might alter the conclusions highlighted in this

section.

Nevertheless, it remains true that, by any measure, from the Rawlsian veil of ignorance
perspective of the hypothetical life-cycle individual proposed by Becker et al. (2005), the
loss in welfare from the poor life expectancy performance and high cost of the American
health system during these recent decades has been substantial. Given its simplicity and
intuitive appeal, this framework allows for broad comparisons that would otherwise have
been impossible. The previous sections of this paper showed that, along various margins,
the US life expectancy performance falls considerably short of what would be expected
given its income level, and even more so given its health expenditures. The goal of this
section is simply to illustrate that, under a somewhat standard framework, the welfare

losses from this poor overall performance can be quite large.
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6 Concluding Remarks

The US performance in health, as measured by the standardized mortality reductions
summarized in life expectancy numbers, has long been poor in comparison to other peer
countries. The more recent period is particularly striking, as the US has experienced several
years without significant improvements in life expectancy. This is even more surprising

given the observed level and trajectory of health expenditures.

In this paper, we took a comparative approach and examined the relative performance of
life expectancy in the US from an international perspective since 1960. We characterized the
changes in this relative performance over time and its age and cause of death profiles. We
documented that this phenomenon is not recent and is pervasive across various causes of
death. Previous health advantages in old-age have also been converted into disadvantages.
It is remarkable that the deterioration of the US relative performance has been increasingly
apparent since as far as 1960, except for the short period between the 1960s and the 1970s.
These patterns cast doubt on rationalizations of the poor relative performance of life

expectancy at birth in the US that rely on specific causes of death or age groups.

Almost all the developed world reaches health outcomes, on average, substantially better
than those observed in the US at only a fraction of its cost. Our calculations suggest that
the loss in welfare due to the combination of lower life expectancy and higher health
expenditures can be substantial. We estimate that welfare gains in the US over the last few
decades could have been between 19% and 28% higher had the US been able to reproduce
the average health performance from OECD countries at their typical health expenditure
level. Our estimates indicate that, in comparative terms, it is difficult to argue that the
US health system—broadly understood as including preventive, curative, educational,
and regulatory roles—has been cost-effective. Much more research is needed to uncover
the specific sources of these patterns and to propose policy solutions to address potential

underlying problems.
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Appendix

A Decomposition of Differences in Life Expectancy

Figure A.1 presents the decomposition of difference in life expectancy between the US and
an OECD for cause-specific mortality by age groups.

Figure A.2 presents the decomposition of difference in life expectancy between the US and
an OECD sample for which yearly data is available in the 1960-2016 period.

B Contribution of Age-Specific Mortality Long-term Inflec-
tions

Figure B.1 and Table B.1 present the results of the jointpoint regressions for the contribution
of age-specific mortality.

C Contribution of Cause-Specific Mortality Long-term In-
flections

Figure C.1 and Table C.1 presents the results of the jointpoint regressions for the contribu-
tion of cause-specific mortality.

D Contribution of Smoking and Obesity to Differences in
Life Expectancy

D.1 Contribution of Smoking

The method used to estimate the impact of smoking on mortality proposed by Preston et al.
(2011) assumes that, after adjusting for sex and age, lung cancer mortality is a good proxy
for estimating the impact of smoking on all other cause mortality. This assumption is
based on the evidence that variation in lung cancer rates is mainly related to changes in
smoking behavior (Brennan and Bray, 2002; Haldorsen and Grimsrud, 1999; Lopez, 1995;
Preston and Wang, 2006). Mortality from other causes than lung cancer is estimated as a
function of lung cancer mortality at ages 50 and above using a negative binomial regression
in a sample composed by 21 OECD countries from 1950 to 2003.

The procedure proposed to estimate the share of total deaths attributable to smoking is
fairly simple and is composed by the fraction of lung cancers attributable to smoking (Ar,)
and the share of other cause mortality attributable to smoking (A(p) for each country, age
group and sex:
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A - Mi—AY

L — TL
where M is the lung cancer death rate and AY is the expected death rate among nonsmok-
ers!®. When M; — )LZLV is negative, Ay is set to 0. To estimate the share of mortality from
all other causes attributable to smoking the number of deaths predicted by the negative
binomial regression is used:

[ (Mp=AlN)

Ao =1—e P

where BL is a expression that contains the main coefficient of the negative binomial regres-
sion of mortality from other causes on lung cancer mortality. When M| — AY is negative,
M| — Al is set to 0 before computing Ap. The overall fraction of deaths from all causes
attributable to smoking is then calculated as following;:

. ALDL + AODO

A
D

where Dy is the number of deaths from lung cancer, Do the number of deaths from all other
causes, and D the overall mortality. To estimate the impact of smoking on life expectancy,
we follow Preston et al. (2011) negative binomial regression coefficient (AL) and expected
lung cancer death rate among nonsmokers (AY) and apply the methodology described
above on our sample of OECD countries. We first estimate A for all countries, age groups
above 50 years old, and sex, using data from World Health Mortality Database. Then,
we adjust mortality rates in the period life tables from Human Mortality Database by
subtracting the share of deaths attributable to smoking (A) and recalculate the life tables
to find what Life Expectancy would be in the absence of mortality attributable to smoking.

We also use the share of deaths attributable to smoking (A) to estimate the contribution of
deaths attributable to smoking to differences in life expectancy between the US and OECD
using the same decomposition methods used to estimate the contribution of age-specific
and cause-specific mortality. The results are presented in Figure D.1.

To estimate the counterfactual life expectancies (ix) and (x) presented in Table 3, we
recalculate the US life table after adjusting the mortality rates by Ays, s — Aus,s,s and

AUs,ys — AOECDyy 5, TeSpectively.

Finally, based on the same estimates, in Figure D.2 we are able to plot the years of life
expectancy lost due to mortality attributable to smoking for the US and OECD separately.

16Preston et al. (2011) assumes that the lung cancer death rate by sex and age group in the absence of
smoking match thes rates observed in the Cancer Prevention Studies II (CPS-II) presented in Thun et al.
(1982)
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D.2 Contribution of Obesity

The Body Mass Index (BMI) is often used as an indicator of obesity. However, estimating
the impact of BMI on life expectancy is rather difficult due to the lack of data on BMI by
different age groups and sex, and the mortality risks associated with these different levels
of BML. Preston and Stokes (2011) consolidates a database of BMIs by sex and age group
above 50 for a sample of 14 OECD countries in 2006 and assumes that the mortality risk
for different BMI categories recorded in a study by the Prospective Studies Collaboration
(Whitlock et al., 2009) are applicable for all countries in the sample. The authors then
estimate the proportion of deaths attributable to obesity by redistributing the population
in BMI categories above the optimal to the optimal category and calculating the decrease
in mortality that would occur after this redistribution, for each country, age, and sex. This
methodology is known as population attributable fraction (PAF).

We only have available data on BMI, overweight and obesity aggregated by sex, which
does not allow us to employ similar methodology to estimated the impact of obesity
on life expectancy for our sample. To estimate the counterfactual life expectancy (xi)
presented in Table 3, we recalculate US life tables after adjusting mortality rates using
the difference in the share of deaths attributable to obesity in the US and average of
comparison countries presented in Preston and Stokes (2011). Thought our counterfactual
life expectancy is relative to the year of 2015 and Preston and Stokes (2011) estimates are
relative to the year of 2006, data show that the increase in BMI, overweight and obesity
for the US and OECD where fairly similar in this period (Table D.1). Thus, we assume
that the differences in the share of deaths attributable to obesity in the US and comparison
countries in Preston and Stokes (2011) still holds in 2015.

E Additional Tables

F Samples

Figures 1, 2, 3, 4, and Table 1, are based on a sample including 107 countries: Argentina,
Australia, Austria, Burundi, Belgium, Benin, Burkina Faso, Bangladesh, Bolivia, Brazil,
Barbados, Botswana, Central African Republic, Canada, Switzerland, Chile, China, Cote
d’Ivoire, Cameroon, Congo, Colombia, Comoros, Cabo Verde, Costa Rica, Cyprus, Ger-
many, Denmark, Dominican Republic, Algeria, Ecuador, Egypt, Spain, Ethiopia, Finland,
Fiji, France, Gabon, United Kingdom, Ghana, Guinea, Gambia, Guinea-Bissau, Equatorial
Guinea, Greece, Guatemala, China, Hong Kong SAR, Honduras, Haiti, Indonesia, India,
Ireland, Iran, Iceland, Italy, Jamaica, Jordan, Japan, Kenya, Republic of Korea, Sri Lanka,
Lesotho, Luxembourg, Morocco, Madagascar, Mexico, Mali, Malta, Mozambique, Mau-
ritania, Mauritius, Malawi, Malaysia, Namibia, Niger, Nigeria, Nicaragua, Netherlands,
Norway, Nepal, New Zealand, Pakistan, Panama, Peru, Philippines, Portugal, Paraguay,
Romania, Rwanda, Senegal, Singapore, El Salvador, Sweden, Syrian Arab Republic, Chad,
Togo, Thailand, Trinidad and Tobago, Tunisia, Turkey, U.R. of Tanzania: Mainland, Uganda,
Uruguay, United States, Venezuela, South Africa, Zambia, and Zimbabwe.
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Figures 5, 6, Tables 2 and 3, and Figure A.1 are based on a sample of 20 OECD countries:
Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, Finland,
France, United Kingdom, Ireland, Iceland, Japan, Luxembourg, Netherlands, Norway,
Portugal, Sweden, and United States

Figure 7 is based on a sample of 16 OECD countries: Austria, Belgium, Canada, Switzer-
land, Spain, Finland, United Kingdom, Ireland, Iceland, Japan, Republic of Korea, Norway,
Portugal, Sweden, and United States.

Figures A.2, B.1, C.1, and Tables B.1 and C.1 are based on a sample of 13 OECD countries:
Austria, Belgium, Canada, Switzerland, Germany, Spain, France, United Kingdom, Italy,
Japan, Netherlands, Sweden and United States.

G ICD Grouping

H Classification of Health Systems

Beveridge system countries: Denmark, Spain, Finland, United Kingdom, Ireland, Iceland,
Norway, New Zealand, Portugal, Sweden.

Bismark system countries: Austria, Belgium, Switzerland, Germany, France, Japan, Lux-
embourg, Netherlands.

National Health Insurance countries: Australia and Canada
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Tables

Table 1: Joinpoint Segmented Regressions: Life Expectancy in the US vs High-Income Countries

High Income us Difference (High Income - US)
Panel A: Life Ex-
pectancy Slopes
Segment Period Slope Period Slope Period Slope
1 1960-1971 0.202 1960-1969 0.040 1960-1968 0.178
(0.005)** (0.021)* (0.023)*
2 1971-1984 0.274 1969-1979 0.345 1968-1979 -0.068
(0.004)** (0.021)**+ (0.016)***
3 1984-1998 0.221 1979-1995 0.127 1979-1988 0.129
(0.004)*** (0.01)*** (0.023)*
4 1998-2013 0.249 1995-2012 0.176 1988-2012 0.073
(0.003)*** (0.009)*** (0.005)***
5 2013-2017 0.120 2012-2017 -0.052 2012-2017 0.201
(0.024)** (0.052) (0.045)**
Panel B: Differences in
Slopes
Segment Slope difference Slope difference Slope difference
2-1 0.072 0.304 -0.246
(0.006)*** (0.03)** (0.028)**
3-2 -0.053 -0.218 0.197
(0.005)** (0.024)* (0.028)*
4-3 0.028 0.049 -0.056
(0.005)** (0.014)* (0.023)
5-4 -0.128 -0.228 0.128
(0.024)** (0.053)*++ (0.045)**
Notes:  Joinpoints, slopes and slopes differences were estimated using the Joinpoint Regression Program. The
grid search method was used to fit segmented regressions into the time series. P-values were calcu-
lated using Montecarlo simulations and the standard errors are in parenthesis. **p<0.01, **p<0.05, *p<0.1.
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Table 2: Health, Behavior and Lifestyle Statistics: US vs OECD Countries

USA High Income Countries
1975 2015 % change 1975 2015 % change

Body Mass Index 2490 29.00 16% 2405 26.58 10%

Overweight prevalence 041 0.70 71% 35.38 59.05 67%

Obesity prevalence 012 037 214% 0.08 0.23 191%
2016

Physical inactivity prevalence - 0.40 - - 0.33 -

1980 2012 % change 1980 2012 % change

Smoking prevalence 031 0.16 -48% 031 0.22 -29%
Average tobacco consumption per smoker 31.90 22.50 -29% 22.30 20.32 -9%

1970 2015 % change 1970 2015 % change

Average alcohol consumption 954 878 -8% 10.26  8.59 -16%

Sources: Data on BMI, overweight and obesity prevalence, physical inactivity, and alcohol consumption are from
World Health Organization (2020) Global Database and data on smoking prevalence and consumption from IHME (2014).
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Table 3: Value of Life Expectancy Gains, USA vs OECD, 1970s - 2010s

1975 2015 Life Exp Net In- Value of Life Ex- Value of Total Welfare % Health in
Gains come pectancy Gains Gains Total Welfare
Gains Gains
Life Exp  GDP pc Net of Life Exp  GDP pc Net of Discounted Comparison  Discounted Comparison

Health Expen- Health Expen- PVin$ with US PVin$ with US

ditures ditures
USA 7223 24,359 78.68 43,665 6.5 19,306 95,434 0.0% 678,212 0.0% 14.1%
OECD 72.84 17,749 81.60 41,834 8.8 24,085 118,832 24.5% 852,226 25.7% 13.9%
Bismark model 72.67 19,555 81.74 46,036 9.1 26,480 137,644 44.2% 944,324 39.2% 14.6%
Beveridge model 72.96 15,662 81.39 38,599 8.4 22,937 104,417 9.4% 802,454 18.3% 13.0%
National Health Insurance model 73.02 19,919 81.92 39,587 89 19,667 112,801 18.2% 712,234 5.0% 15.8%
Counterfactual Scenarios:
i: USA with OECD’s 2015 life exp. 72.23 24,359 81.60 43,665 9.4 19,306 135,556 42.0% 723,426 6.7% 18.7%
ii: USA with OECD’s 2015 health expen- 72.23 24,359 78.68 47,304 6.5 22,945 104,430 9.4% 797,074 17.5% 13.1%
ditures (% GDP)
iii: USA with OECD’s 2015 health expen- 72.23 24,359 78.68 47,882 6.5 23,523 105,865 10.9% 815,964 20.3% 13.0%
ditures (per capita)
iv: USA with OECD’s 2015 life exp. + 72.23 24,359 81.60 47,304 9.4 22,945 148,350 55.4% 847,047 24.9% 17.5%
health expenditure (% GDP)
v: USA with OECD’s 2015 life exp. & 72.23 24,359 81.60 47,882 9.4 23,523 150,392 57.6% 866,695 27.8% 17.4%
health expenditure (per capita)
Counterfactual Scenarios with economic costs :
vi: Counterfactual Scenario (v) with 72.23 24,359 81.60 42,887 9.4 18,529 132,837 39.2% 697,045 2.8% 19.1%
OECD'’s average working hours
vii: Counterfactual Scenario (v) with 72.23 24,359 81.60 51,405 9.4 27,046 162,873 70.7% 986,447 45.4% 16.5%
OECD'’s labour force participation
viii: Counterfactual Scenario (v) with 72.23 24,359 81.60 46,074 9.4 21,715 144,015 50.9% 805,250 18.7% 17.9%
OECD's average working hours + labour
force participation
Life Style Counterfactual Scenarios :
ix: USA with 1975 mortality rates at- 72.23 24,359 78.76 43,665 6.5 19,306 96,563 1.2% 679,487 0.2% 14.2%
tributable to smoking
x: USA with OECD’s 2015 death rate at- 72.23 24,359 78.61 43,665 6.4 19,306 94,506 -1.0% 677,164 -0.2% 14.0%
tributable to smoking
xi: USA with OECD’s 2015 death rate at- 7223 24,359 79.08 43,665 6.9 19,306 101,113 6.0% 684,624 0.9% 14.8%
tributable to obesity
xii: USA with OECD’s 2005 death rate 7223 24,359 79.02 43,665 6.8 19,306 100,191 5.0% 683,584 0.8% 14.7%

attributable to obesity and smoking

Notes: GDP per capita is GDP per capita at chained PPPs in 2011US$ (Penn World Table 9.1); Life Expectancy is life expectancy at
birth (World Development Indicators, World Bank); value of life expectancy gains in annual income and yearly growth rate of full in-
come is calculated following Becker et al. (2005) using the same calibrated values for interest rates (r = 0.3), inter-temporal elasticity
substitution (y = 1.25), value of being alive relative to being dead (¢ = —16.16). To estimate what would be the US net GDP in the
2010s considering the OECD’s average working hours, labor force participation and both taken together we maintain US productivity
constant (GDP by total hours worked), and adjust the total amount of hours worked to calculate the new counterfactual net GDP. The
values for working hours and labor force participation are presented in Appendix E.
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Table B.1: Joinpoint segmented regressions: Contribution of Age-Specific Mortality

Ages0-4 Ages5-14 Ages 15 - 59 Ages 60+
PANEL A: Con-
tribution of age-
specific mortality
Slopes
Segment Period Slope Period Slope Period Slope Period Slope
1 1960-1965 0.082 1960-1968 0.002 1960-1968 0.069 1960-1973 -0.006
(0.007)%+* (0.001)* (0.011)%+* (0.007)
2 1965-2007 0.004 1968-1983 0.000 1968-1982 -0.052 1973-1976 -0.156
(0.000)%** (0.000) (0.005)%+* (0.113)
3 2007-2016 -0.005 1983-1987 0.005 1982-1995 0.035 1976-1992 0.043
(0.003) (0.004) (0.006)*+* (0.006)***
4 1987-2016 0.000 1995-1998 -0.064 1991-2001 0.082
(0.000)* (0.056) (0.014)"
5 1998-2013 0.035 2001-2016 0.008
(0.005)** (0.006)
6 2013-2016 0.139
(0.035)%*
PANEL B: Differ-
ences in Slopes
Segment Slope difference Slope difference Slope difference Slope difference
2-1 -0.078 -0.002 -0.121 -0.151
(0.007)%+* (0.001)* (0.008)%+* (0.114)
3-2 -0.009 0.005 0.087 0.199
(0.003)*** (0.004) (0.056)*+* (0.113)*
4-3 -0.006 0.087 0.039
(0.004) (0.056)* (0.015)
5-4 0.099 -0.074
(0.035)* (0.015)**
6-5 0.104
(1.622)*+*
Notes:  Joinpoints, slopes and slopes differences were estimated using the Joinpoint Regression Program. The
grid search method was used to fit segmented regressions into the time series. P-values were calcu-
lated using Montecarlo simulations and the standard errors are in parenthesis. **p<0.01, **p<0.05, *p<0.1.
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Table C.1: Joinpoint segmented regressions: Contribution of Cause-Specific Mortality

Accidents, Suicides and Homicides

Endocrine, metabolic and
blood diseases, nutritional

Infectious, abortion & ob-
stetric, congenital & perina-

Heart and circulatory diseases

deficiencies tal
PANEL A: Contri-
bution of cause-
specific mortality
Slopes
Segment Period Slope Period Slope Period Slope Period Slope
1 1960-1968 0.035 1960-1985 0.000 1960-1967 0.008 1960-1967 0.046
(0.006)*** (0.000) (0.020) (0.004)**
2 1968-1983 -0.013 1985-1989 0.063 1967-1979 -0.113 1967-1976 -0.007
(0.003)* (0.012)+ (0.010)** (0.003)**
3 1983-1999 0.009 1989-1995 0.030 1979-2016 0.013 1976-1988 0.017
(0.003)* (0.005)** (0.002)* (0.002)*
4 1999-2014 0.025 1995-1999 -0.061 1988-1996 -0.010
(0.003)* (0.012)* (0.004)*
5 2014-2016 0.148 1999-2008 -0.002 1996-2000 0.054
(0041 (0.003) (0.014)***
6 2008-2016 0.011 2000-2016 -0.003
(0.003)*** (0.001)***
PANEL B: Differ-
ences in Slopes
Segment Slope difference Slope difference Slope difference Slope difference
2-1 -0.048 0.063 -0.121 -0.054
(0.007)** (0.012)%+ (0.022)**+ (0.005)**
3-2 0.022 -0.033 0.126 0.024
(0.004)**+* (0.013)** (0.010)*** (0.003)***
4-3 0.016 -0.090 -0.027
(0.004)**+* (0.013)*** (0.004)***
5-4 0.123 0.059 0.064
(0.041)* (0.012)+ (0.014)+*
6-5 0.012 -0.057
(0.004y+ (0.014)**
Neoplasm Respiratory and digestive Other causes
diseases
PANEL A: Contri-
bution of cause-
specific mortality
Slopes
Segment Period Slope Period Slope Period Slope
1 1960-1968 0.004 1960-1966 0.047 1960-1968 0.020
(0.002)** (0.016)* (0.006)**
2 1968-1977 -0.003 1966-1979 -0.008 1968-1972 0.104
(0.002) (0.005) (0.027)*+
3 1977-2001 0.007 1979-1987 0.033 1972-1998 0.007
(0.000)** (0.012)** (0.001)*
4 2000-2011 -0.018 1987-2016 0.010 1998-2007 0.032
(0.002)* (0.001)** (0.006)***
5 2011-2016 0.002 2007-2016 -0.010
(0.004) (0.005)
6
PANEL B: Differ-
ences in Slopes
Segment Slope difference ‘ Slope difference Slope difference
2-1 -0.007 -0.055 0.084
(0.003)** (0.017)*+ (0.027)*+
3-2 0.010 0.041 -0.097
(0.002)*** (0.013)*** (0.027)***
4-3 -0.025 -0.023 0.025
(0.002)** 0.012)* (0.006)**
5-4 0.021 -0.042
(0.005)*+ (0.008)*+
6-5
Notes:  Joinpoints, slopes and slopes differences were estimated using the Joinpoint Regression Program. The
grid search method was used to fit segmented regressions into the time series. P-values were calcu-
lated using Montecarlo simulations and standard errors are in parenthesis. *p<0.01, **p<0.05, *p<0.1.
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Table D.1: BMI, Overweight and Obesity: US vs OECD Countries

USA OECD Countries
2006 2015 % change 2006 2015 % change

Body Mass In- 28.40 29.00 2.1% 2599 26.29 1.2%
dex

Overweight 64.40 69.60 8.1% 55.51 60.02 8.1%
prevalence

Obesity preva- 30.60 36.70  19.9% 1871 2283  22.0%
lence

Sources: Data on BMI, overweight and obesity prevalenceare from World Health Organization  (2020).
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Table E.1: Universal Health Coverage Index

USA

OECD sample
High Income
Australia
Austria
Belgium
Canada
Denmark
Finland
France
Germany
Iceland
Ireland
Japan
Luxembourg
Netherlands
Portugal
Spain
Sweden
Switzerland
UK

UHC effective coverage index Rate of change

1990 2010 2019 1990-2019  1990-2010 2010-2019
734 81.2 82.2 12.0% 10.6% 1.2%
704 86.9 89.8 27.6% 23.4% 3.4%
70.1 84.1 86.1 22.8% 20.0% 2.4%
722 883 89.5 24.0% 22.3% 1.4%
712 823 86.5 21.5% 15.6% 5.1%
67.6 83.4 87.5 29.4% 23.4% 4.9%
79.8 88.1 90.4 13.3% 10.4% 2.6%
65.3 80.8 84.3 29.1% 23.7% 4.3%
714 885 91.4 28.0% 23.9% 3.3%
66.2 88.0 91.0 37.5% 32.9% 3.4%
66.5 83.5 86.5 30.1% 25.6% 3.6%
782 93.8 95.3 21.9% 19.9% 1.6%
63.2 86.3 90.6 43.4% 36.6% 5.0%
80.9 93.6 96.4 19.2% 15.7% 3.0%
66.2 87.5 91.5 38.2% 32.2% 4.6%
69.8 87.6 89.9 28.8% 25.5% 2.6%
60.8 79.2 83.8 37.8% 30.3% 5.8%
65.0 88.4 90.3 38.9% 36.0% 2.1%
788 88.3 90.4 14.7% 12.1% 2.4%
77.2  90.7 93.7 21.4% 17.5% 3.3%
67.2 86.0 88.0 31.0% 28.0% 2.3%

Notes: Elaboration by the authors based on Lozano et al. (2020).
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Table E.2: Average working hours and labor force participation in the 2010s: US vs OECD
Average

Number of Average an- Total popu- Working Labor force
person en- nual hours lation (mil- age popula- participa-

gaged (mil- worked by lions) tion (15-64, tion
lions) person en- millions)
gaged
us 150.28 1765.18 315.48 212.21 67.26%
OECD Average 13.64 1596.62 27.99 18.04 64.47%

Data sources: Penn World Table 9.1 (Feenstra et al., 2015) and United Nations’s World Population Prospects.
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Table G.1: Grouping of ICD codes

Codes
Causes of Death ICD-7 ICD-8 ICD-9 ICD-10
(i) Infectious diseases, abortion and ob- a001-a043, all5-a120, a001-a044, all2 - alls§, b01-b07, b38-b41, b44-b45 A,B,0,PQ
stetric, congenital and perinatal al27-a135; b001-b017, al26 - a135; b001 - b018,
b040, b041-b044 b040 - b041, b042 - b044
(ii) neoplasms a044-a060; b018-b019 a045-a061; b019-b020 b08-17 C, D01-D49
(iii) endocrine, metabolic and blood dis- a061-a066; b020- b021 a062-a068; b021-b023 b18-b20 D50 a D89, E
eases, nutritional deficiencies
(iv) heart and circulatory diseases a079-a086; b024-b029 a080-a088; b025-b030 b25-b30 I
(v) respiratory and digestive diseases ~ a087-a107; b030- b037 a089-a104, b031-b037 b31-b34 J,K
(vi) accidents, suicides and homicides a138-a150; b047-b050 a138-a150; b047-b050 b47-b56 S, T
(vii) others a067-a078, al08-al14, a069-a079, al05-alll, b21-b24, b35-b37, b46 FEG,N,L,M,R
al2l-al26, al36-al37; all9-al25, al36-al137;

b022-b023, b038- b039,
b045- b046

b024, b038-b039, b045-
b046
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Figures

Figure 1: Evolution of Life Expectancy in the World. Panel A: US vs World Regions. Panel B: US vs Income
Groups. Source: World Development Indicators (World Bank)
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Figure 2: Life expectancy performance in the US. Panel A: Life expectancy - US vs World Regions. Panel B:
Life expectancy index (1960 = 100) - US vs world regions. Panel C: Life expectancy - US vs High Income
Countries. Panel D: Life expectancy rank - US vs All Countries. Source: World Development Indicators
(World Bank)
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Figure 3: Life Expectancy Segmented Regression Slopes. Dots represent life expectancy for High Income
countries and the US (A) and differences in life expectancy between them (B) for each year. Lines represent
slopes estimated in the joinpoint regressions. Slopes’ values and standard errors are presented in detail in
Table 1. Source: World Development Indicators (World Bank)
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Figure 4: The Changing Relationship Between Income and Life Expectancy. The points in Panel A represent
a country’s life expectancy and income per capita in a given year. The Preston Curves were estimated using
log regressions. The line in Panel B represents the y-axis distance of the US to the estimated log curve for
every year in the 1960-2017 period. Sources: Penn World Table and World Development Indicators (World
Bank).
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Figure 5: Decomposition of Differences in Life Expectancy. Panel A: Contribution of age-specific mortality.
Panel B: Contribution of cause-specific mortality. Notes: The dashed line plots the difference in life expectancy
between the OECD sample and the US. The dots represent the contribution of age-specific and cause-specific
mortality to this difference. Source: Human Mortality Database and WHO Mortality Database
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Figure 6: Evolution of Health Spending - US vs OECD by decade. Panel A: Health Spending (% of GDP).
Panel B: Health Spending Per Capita. Source: OECD Health Data
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Figure 7: Evolution of Health Spending Growth - US vs OECD. Panel A: Index (1970=100) for Health
Spending (% of GDP). Panel B: Health Spending (% of GDP) Percent Growth by Decade. Panel C: Index
(1970=100) for Health Spending Per Capita. Panel D: Health Spending Per Capita Percent Growth by Decade.
Source: OECD Health Data
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Figure A.1 Decomposition of differences in life expectancy for cause-specific mortality by age-group. Panel
A: 0-4 years old. Panel B: 05-14 years old. Panel C: 15-59 years old. Panel D: 60+ years old. The dashed
line plots the contribution of each group to the difference in life expectancy between the OECD sample and
the US. The dots represent the contribution of age-specific and cause-specific mortality to these differences.
Source: Human Mortality Database and WHO Mortality Database.

Life Expectancy differences (in years)

Life Expectancy differences (in years)

3.0

25

2.0

3.0

25

2.0

A

I - . = S = &
F o 3 - ke ~ ~ e
o D
1960s 1970s 1980s 1990s 2000s 2010s
year

@ accidents, suicides and homicides A endocrine, metabolic and blood diseases, nutritional deficiencies

+ infectious, abortion & obstetric, congenital & perinatal

¥ other causes

B heart and circulatory diseases
X neoplasms
<> respiratory and digestive diseases

Cc

1960s 1970s 1980s

year

1990s 2000s 2010s

@ ccidents, suicides and homicides A\ endocrine, metabolic and blood diseases, nutritional deficiencies

+ infectious, abortion & obstetric, congenital & perinatal

3 o causes

B heart and circulatory diseases

X neoplasms
O respiratory and digestive diseases

Life Expectancy differences (in years)

Life Expectancy differences (in years)

o
o

N
3

N
=}

o

o

o
o

o
o

S
o

AN
o

@
o

INd
3

N
=}

o

o

o
3

©
o

o
[9)]

AN
)

IR SN S G S — o e = S S
- -~ - ™ -~ L
1960s 1970s 1980s 1990s 2000s 2010s
year

@ accidents, suicides and homicides A endocrine, metabolic and blood diseases, nutritional deficiencies

+ infectious, abortion & obstetric, congenital & perinatal

* Other causes

[ heart and circulatory diseases
X neoplasms
0 respiratory and digestive diseases

D

| |
. = N N B 2
N N S s

PSS O bt n ~

Alr

*
1960s 1970s 1980s 1990s  2000s 2010s

year

@ accidents, suicides and homicides 4 endocrine, metabolic and blood diseases, nutritional deficiencies

+ infectious, abortion & obstetric, congenital & perinatal

3 oter causes

B heart and circulatory diseases

X neoplasms
<> respiratory and digestive diseases

64



Figure A.2: Decomposition of Differences in Life Expectancy. Panel A: Contribution of age-specific
mortality. Panel B: Contribution of cause-specific mortality. The dashed line plots the difference in life
expectancy between the OECD sample and the US. The dots represent the contribution of age-specific and
cause-specific mortality to this difference. Sources: Human Mortality Database and WHO Mortality Database
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Figure B.1: Contribution of Age-Specific Mortality joinpoint regressions. Panel A: 0-4 years old. Panel
B: 5-14 years old. Panel C: 15-59 years old. Panel D: 60+ years old. Dots represent yearly contribution of
age-specific mortality to the difference in life expectancy in the US and OECD sample. Lines represent the
estimated slopes. Slopes’ values and standard errors are presented in detail in Table B.1. Source: Human
Mortality Database and WHO Mortality Database.
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Figure C.1: Contribution of Cause-Specific Mortality joinpoint regressions. Panel A: accidents, suicides
and homicides. Panel B: endocrine, metabolic and blood diseases, nutritional deficiencies. Panel C: heart
and circulatory diseases. Panel D: infectious, abortion obstetric, congenital perinatal. Panel E: neoplasms.
Panel F: respiratory and digestive diseases. Panel G: Other causes. Dots represent yearly contribution of
cause-specific mortality to the difference in life expectancy in the US and OECD sample. Lines represent the
estimated slopes. Slopes’ values and standard errors are presented in detail in Table C.1. Source: Human
Mortality Database and WHO Mortality Database
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Figure D.1: Decomposition of Differences in Life Expectancy Attributable to Smoking. Dots represent the
contribution of mortality attributable to smoking to the differences in life expectancy between the US and
OECD. Sources: Human Mortality Database and WHO Mortality Database, Preston et al. (2011)
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Figure D.2: Effects of Mortality Attributable to Smoking on Life Expectancy. The lines represent the
years of life expectancy lost due to mortality attributable to smoking in the US and OECD. Sources: Human
Mortality Database and WHO Mortality Database, Preston et al. (2011)
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