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Abstract

Life expectancy stagnation—the lack of improvement in life expectancy over time—and life
expectancy divergence—the widening of an existing life expectancy gap—are both warning
signs that population health is not developing as well as it could. Most demographic research
has used a stagnation perspective to understand recent life expectancy trends in high-income
countries. This dissertation argues that a within-country approach risks overlooking critical
mortality dynamics that are unique to the population experiencing life expectancy stagnation.
It proposes to complement within-country analysis of life expectancy stagnation with between-
country analysis of life expectancy divergence. In three empirical studies, this dissertation
identifies the causes of recent life expectancy trends in the United States of America (USA)
and the United Kingdom (UK) relative to other high-income countries before, during, and after
the COVID-19 pandemic, and quantifies the consequences of this life expectancy divergence
for population composition. Using demographic decomposition, Chapter 2 identifies the age
groups and causes of death that contributed to the decreasing life expectancy advantage or
increasing life expectancy disadvantage of England and Wales relative to other European
countries in the period 2010-2019. Chapter 3 identifies the age groups and causes of death
that contributed to life expectancy divergence between the USA and the UK and better-
performing peer countries during the COVID-19 pandemic. Chapter 4 considers the
consequences of the growing life expectancy shortfall of the USA. Using counterfactual
methods, it estimates the number of children that were never born because the USA consistently
experienced higher mortality than its peers. Across the three chapters, the proposed divergence
approach points to critical population dynamics in the USA and the UK that had previously
gone unnoticed with a stagnation approach. Thus, this dissertation argues that the joint
application of the two approaches should become more common practice in demographic
analysis.
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Chapter 1
Introduction'

Chapter word count: 6,170

1.1. Problem statement

During the second half of the twentieth century, humanity became accustomed to continu-
ous improvements in life expectancy (Oeppen & Vaupel, 2002). However, widespread
slowdowns in mortality improvements shortly before the COVID-19 pandemic dashed op-
timism that steep gains in life expectancy would continue in the near future (Raleigh, 2019).
In addition to stagnation, several countries saw their relative position in international life
expectancy rankings decline (Leon et al., 2019; Woolf, 2023). The subsequent arrival of
the COVID-19 pandemic in 2020 even resulted in global life expectancy /osses—in many
cases the greatest seen since World War II—and created further life expectancy divergence

between countries due to its heterogeneous impact (Scholey et al., 2022).

Figure 1-1 shows changes in life expectancy at birth in 37 countries (hereafter also “low-
mortality countries”) for which data are available in the Human Mortality Database (HMD,
2025) for the pre-pandemic years 2010 and 2019. The arrow tails indicate life expectancy
in 2010, while the arrow heads indicate life expectancy in 2019. Shorter arrows therefore
indicate smaller life expectancy improvements. The light blue arrows are ordered in de-

scending order by their level of life expectancy in 2010. The two dark blue arrows at the

" Parts of this chapter are joint work with Jennifer Beam Dowd and have been published as: Polizzi, A., &
Dowd, J. B. (2024). Working-age mortality is still an important driver of stagnating life expectancy in the
United States. Proceedings of the National Academy of Sciences, 121(4), €2318276121.
https://doi.org/10.1073/pnas.2318276121.
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top of the graph represent the two countries that are the focus of this dissertation: the United

States of America (USA) and the United Kingdom (UK).

The USA stands out as the country with the smallest life expectancy improvements—Iless
than half a year over a ten-year period. The UK’s status as a life expectancy laggard is also
evident from Figure 1-1, with improvements of just over one year in the decade 2010—
2019, performing better only than Canada, Greece, New Zealand, and the USA. Among the
37 countries in Figure 1-1, the USA and the UK respectively ranked 29th and 22nd in

2019—respectively down two and three ranks when compared with their positions in 2010.

Following the logic of Figure 1-1, Figure 1-2 shows changes in life expectancy at birth in
25 Human Mortality Database countries with available data in 2019 and 2021, focusing on
the most severe period of the COVID-19 pandemic (Scholey et al., 2022). Compared to
Figure 1-1, the set of countries is reduced because data through 2021 are not yet available
for all countries in the Human Mortality Database, pointing to a general problem with de-

lays in data reporting that I discuss in more detail in Chapter 5.

Figure 1-2 highlights the heterogeneous effects of the COVID-19 pandemic on life expec-
tancy trajectories in low-mortality countries. While some countries, such as Australia, New
Zealand, and the Republic of Korea, had experienced (small) improvements in life expec-
tancy by 2021, several countries had experienced life expectancy losses compared to 2019.
These losses are represented by arrows pointing to the left and were particularly large in
Central and Eastern European countries—Bulgaria (-3.7 years), Poland (-2.3 years), and
Czechia (-2.0 years). However, the USA and the UK also ranked among the countries with
the largest life expectancy losses, -2.5 years (second-largest losses) and -0.9 years (fifth-

largest losses), respectively. Combined with their smaller life expectancy improvements in
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the pre-pandemic period, the 2021 life expectancy gaps between the USA and the UK and

peer countries were the worst seen in decades.
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Figure 1-1. Life expectancy changes in Human Mortality Database countries, 2010-2019.

Source: Human Mortality Database (HMD, 2025).
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Figure 1-2. Life expectancy changes in Human Mortality Database countries, 2019-2021.
Source: Human Mortality Database (HMD, 2025).

This dissertation uses high-quality demographic data and state-of-the-art demographic

methods to examine the causes and the consequences of the widening life expectancy gaps

between the USA and the UK and other low-mortality countries before, during, and after

the COVID-19 pandemic. Most research on recent mortality dynamics has focused on

changes in life expectancy within individual countries over time, or on life expectancy gaps

between countries at a given point in time. This dissertation combines these two per-

spectives and asks why life expectancy gaps between countries have widened and what

the consequences are for population composition. Specifically, this dissertation aims to
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provide answers to two main research questions (see Box 1-1) that were formulated based
on a review of the demographic literature (see section 1.2). This review suggested that
external, substance-related, and cardiometabolic mortality at working and reproductive
ages have played a key role in the growing life expectancy shortfall of the USA and the

UK, with a possible additional effect of COVID-19 mortality from 2020 onwards.

Box 1-1. Main research questions investigated in this dissertation.

1. A) How have external and substance-related mortality, cardiometabolic mortal-
ity, and COVID-19 mortality contributed to the growing life expectancy shortfall
of the USA and the UK before, during, and after the COVID-19 pandemic?

B) Which age groups drive the influence of external and substance-related mor-
tality and cardiometabolic mortality on life expectancy divergence?

C) What is the contribution of alcohol, drug, and suicide mortality (“deaths of
despair”) to the life expectancy divergence of the USA and the UK from other
low-mortality countries?

2. How did the growing life expectancy divergence between the USA and the UK

and other low-mortality countries affect population-level birth outcomes?

1.2. Definition of key terms and approach
The central tenet of this dissertation is that the causes and the consequences of life expec-
tancy stagnation are not synonymous with those of life expectancy divergence, where “di-

vergence” refers to a growing life expectancy shortfall.

For the purposes of this dissertation, life expectancy stagnation is defined as a lack of in-

crease in life expectancy over time, such as the one seen for the USA in Figure 1-1 (Mehta
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et al., 2020). A life expectancy shortfall, or life expectancy gap, refers to a life expectancy
in a population that is lower than in a (group of) peer population(s) (Ho, 2022). While I
will be using the terms shortfall and gap interchangeably in the remainder of this disserta-
tion, I prefer the term shortfall for its normative connotation (Sen, 1995). It invokes the
idea that the population in question should, in theory, have the means necessary to reach a
life expectancy level equal to the peer population(s) (Hosseinpoor et al., 2012). This im-
plies that the benchmark is chosen such that it does not unfairly exaggerate (or understate)
the shortfall. For example, previous studies have compared life expectancy trends in Eng-
land and Wales to the median of a group of high-income countries (Leon et al., 2019); or
used mortality conditions in European countries (Preston & Vierboom, 2021) or other
wealthy nations (Bor et al., 2023) as a benchmark to estimate excess deaths in the USA.
This latter research defines “early death” as the deaths in a given population that would not

have occurred under the mortality conditions of another population (Bor et al., 2023).

A focus on life expectancy shortfalls is concerned with explaining life expectancy gaps at
a given point in time in terms of variation in age- and cause-of-death-specific mortality
rates using so-called “decomposition” methods (Preston et al., 2001), which will be ex-
plained below. This focus on shortfalls is perhaps the most widely used approach in demo-
graphic analysis. In contrast, a focus on life expectancy divergences takes life expectancy
gaps at an earlier time point as given and asks about the causes and the consequences of a

further widening of the mortality shortfall (National Research Council, 2011).

For example, when applied to Figure 1-1, a shortfall perspective would ask why the arrows

for the USA, the UK, and other low-mortality countries start at different positions; whereas

a divergence perspective would ask why the arrows for the USA and the UK are shorter
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than for other Human Mortality Database countries. Or, when applied to Figure 1-2, a di-
vergence perspective could ask why the arrows for the USA and the UK are pointing to the
left but pointing to the right for Australia and New Zealand. Thus, the divergence perspec-
tive is mainly concerned with mortality frends, not mortality /evels. The study of life ex-
pectancy divergences has been aided by recent innovations in demographic decomposition,
such as the contour decomposition method (Jdanov et al., 2017), which will be discussed

in Chapter 2.

1.3. Review of the literature

1.3.1. Stagnation vs. divergence

A focus on life expectancy divergence provides new insights into mortality dynamics com-
pared to a focus on life expectancy stagnation. Consider the following exchange between
Abrams et al. (2023) and Polizzi and Dowd (2024), recently published in the Proceedings
of the National Academy of Sciences. In their article, “The ‘double jeopardy’ of midlife and
old age mortality trends in the United States,” Abrams et al. (2023) asked which age groups
were responsible for the slowdown in life expectancy improvements in the USA after about
2010. They estimated how high remaining USA life expectancy at age 25 would have been
in 2019 if the rates of mortality improvement (ROMI) observed during the period 2000
2009 had continued through 2019. For context, 2000-2009 was a decade in which the USA
still experienced fairy large life expectancy gains. ROMI are indicators of the relative
change in mortality over a given period of time, calculated as the annual percentage change

in age-specific mortality rates.
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Figure 1-3. Observed and counterfactual life expectancy conditional on survival to age 25
in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMII. The remaining panels assume that country-specific 20102019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).

The leftmost column in Figure 1-3, taken from Polizzi and Dowd (2024), replicates the
results of the Abrams et al. study. The solid line represents the actual USA life expectancy
trajectory between 2009 and 2019. The dashed lines represent various counterfactual sce-
narios of mortality change. For example, consider the panel for males. Assuming that USA
mortality change at ages 25-64 had continued at the ROMI observed in 2000-2009—but
mortality rates at ages 65+ had changed as they actually did in 2010-2019—the USA would
have gained 0.7 additional years of life expectancy by 2019 (difference between green line
and solid line). In contrast, if the 2000-2009 ROMI at ages 65 and over had continued
through 2019—but mortality rates at ages 25—64 had changed as they actually did in 2010—
2019—the USA would have gained one additional year of life expectancy (yellow line —
solid line). If all ages 25 and over had continued to change as in 2000-2009, the additional
life expectancy gain would have been 1.6 years (red line — solid line). Since the age group

65+ accounted for most of the counterfactual gain in life expectancy, Abrams et al. (2023)

concluded that “the adverse mortality trend at retirement ages [...] has [...] been more
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consequential to the US[A] life expectancy stagnation since 2010”. This is in contrast to
most research that focuses on rising USA working-age mortality as the cause of the stag-

nation, as discussed below.

In my response to the article, “Working-age mortality is still an important driver of stag-
nating life expectancy in the United States,” I questioned the exclusive within-country per-
spective of the Abrams et al. study (Polizzi & Dowd, 2024). Instead of asking how USA
life expectancy would have developed if the 2000-2009 ROMI had applied through 2019,
I asked what would have happened if the USA had experienced the 20102019 ROMI of
other countries. In practice, this meant changing the focus on stagnation in the Abrams et
al. study to a focus on life expectancy divergence. The remaining four columns in Figure
1-3 show the results of my own counterfactual estimations. The presentation follows the
logic of the original study, with the dashed lines now representing the hypothetical USA
life expectancy trajectories if the 2010-2019 ROMI of Italy, Japan, Switzerland, or the UK

had applied.

Consider the “Male” panel in the “Switzerland” column of Figure 1-3 as an example. If
working-age (25—64) mortality in the USA had changed at the rate of Switzerland over the
period 2010-2019, USA life expectancy would have been 1.5 years higher than it actually
was in 2019, bringing the arrowheads of the USA and Switzerland closer together in Figure
1-1. In contrast, changing retirement-age (65+) mortality at the Swiss ROMI would have
resulted in 0.7 additional years of life expectancy. Thus, working-age mortality explained
most of the counterfactual convergence between the USA and Switzerland, though the dif-
ference between the working-age and retirement-age counterfactuals in Figure 1-3 was less

pronounced when applying the UK ROMI to the USA.
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Because of this variation across countries, I repeated the counterfactual analysis using
ROMI from other Human Mortality Database countries, finding that the counterfactual life
expectancy gains from changing working-age mortality usually exceeded those from
changing retirement-age mortality (16 out of 32 counterfactuals for females, 28 out of 32
counterfactuals for males). These additional analyses are shown in the Supplementary In-
formation to this Introduction, along with a detailed explanation of the data and methods
used for the counterfactual estimations in Polizzi and Dowd (2024). Based on the alterna-
tive set of counterfactuals, the study concluded that “rising working-age mortality may still
play a more important role” (Polizzi & Dowd, 2024) than retirement-age mortality—at
least when considering the USA’s growing life expectancy shortfall from other countries,
instead of its life expectancy stagnation compared to an earlier decade. The findings by
Polizzi and Dowd (2024) are in line with a recent study by Ho (2022), who found that
mortality at ages 2564 explained a larger share of the life expectancy gap between the
USA and the average of 17 comparison countries in 2018 vs. 2008. In contrast, the share
of the life expectancy gap explained by mortality differences at ages 65+ increased by only

a small amount or even decreased between 2008 and 2018.

Why does working-age mortality explain most of the USA’s life expectancy divergence
from other countries but less of its life expectancy stagnation over time? To understand this
potentially counterintuitive result, consider Figure 1-4, also taken from Polizzi and Dowd
(2024), which directly shows the age-specific ROMI of the USA, Italy, Japan, Switzerland,
and the UK in the two decades 2000-2009 (represented by bars) and 2010-2019 (repre-
sented by lines). These are the inputs of the counterfactual life expectancy projections
shown in Figure 1-3. In Figure 1-4, negative ROMI (in red) represent worsening mortality,

while positive ROMI (in blue) represent improving mortality. Starting with the USA panel,
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we can see that the country experienced large improvements in retirement-age mortality in
the decade 20002009, as well as some smaller improvements in the decade 2010-2019.
Among working ages, mortality mostly stagnated in the decade 2000-2009, as shown by
the short positive or negative bars. In contrast, working-age mortality increased strongly in

the decade 2010-2019, as shown by the negative lines.

50 1

—

USA ltaly Japan Switzerland United Kingdom
100 1 | |
754 }' } n
@
3
{ 5
50 A ] [
[ i
< 100 L
75
‘—,LS <
d 5

25 EI
6 9 6 O & ©
¢ & &P

SREEEENCEEER NN T o7 T o SRR NN Y T 7 T O ISREEEENCEEER NN\
Rate of Mortality Improvement
2000-2009 2010-2019

- + - +

Figure 1-4. ROMI by 5-year age groups in the USA, Italy, Japan, Switzerland, and the UK,
2000-2009 and 2010-2019. Source: Polizzi and Dowd (2024).

Two factors need to be considered when trying to make sense of the results for the within-
USA counterfactual by Abrams et al. (2023): (1) the size of the mortality change, repre-
sented by the distance between the lines and the bars; (2) the age where the change oc-
curred. In the USA, while the distance between the lines and the bars sometimes appeared
larger at some working ages, notable—and sustained—differences between the lines and
the bars were also visible at retirement ages, where death rates are usually largest. Thus,

the absolute change in death rates between the observed and counterfactual scenarios in the
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Abrams et al. study may have well ended up being larger at retirement ages, making this

the more important age group for life expectancy stagnation.

Turning to the divergence perspective, the relevant comparison is instead between the USA
ROMI and the peer country ROMI in the decade 2010-2019. In Figure 1-4, these are the
lines in the USA panel and the lines in the peer country panels. For reference, the figure
also shows ROMI for the peer countries in 2000—2009, represented by the bars. Among the
peer countries, retirement-age mortality improved in 2010-2019, resulting in positive
ROMLI. Overall, mortality improvements at retirement ages also slowed down in peer coun-
tries, with patterns similar to the USA. In contrast, working-age mortality often improved
strongly in the peer countries, creating large distances between the (negative) USA lines
and the (positive) peer country lines at those ages—usually much larger than the distance
between the USA lines and bars. These larger gaps offset the overall lower mortality rates

at working ages, making working ages more important for life expectancy divergence.

Of course, the stagnation and divergence perspectives need not result in different conclu-
sions about the relative importance of different age groups. In the case of the USA, the fact
that mortality improvements among retirement ages uniformly slowed across high-income
countries means that the age group 65+ played an important role for stagnation but not
divergence. In contrast, USA mortality at working ages performed consistently poorly over
the two decades 20002009 and 2010-2019, but improvements in the peer countries were
fairly stable. This means that the age group 25-64 was less important for life expectancy

stagnation than for life expectancy divergence.
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The exchange between Abrams et al. (2023) and Polizzi and Dowd (2024) highlights the
value—and necessity—of considering a cross-country mortality perspective in addition to
a within-country one. Both stagnation and divergence are warning signs that mortality is
not developing as well as it could—albeit using different types of benchmarks. Thus, the
stagnation and divergence perspectives are complementary to each other and often point to

different conclusions about causes and consequences.

1.3.2. Causes of death and ages at death

External and substance-related mortality. In the USA, rising deaths from alcohol, drug
overdose, and suicide have received widespread attention. These three causes of death—a
subset of all external and substance-related deaths—are often collectively referred to as
“deaths of despair.” This term is based on the hypothesis that the three causes of death are
all related to recent deteriorations of social life and economic opportunity in the USA and
resulting feelings of “despair,” especially among middle-aged white Americans (Case &
Deaton, 2021). The “deaths of despair” hypothesis has been challenged on the grounds that
the three causes of death—alcohol, drugs, and suicide—follow distinct temporal, geo-
graphical, and sex-specific trends—suggesting differences in aetiology—and that recent
increases in these causes of death have also been registered in minority populations and
across a broader group of working ages—suggesting other relevant drivers than “despair”
(Masters et al., 2018; Simon & Masters, 2021; Tilstra et al., 2021). Nevertheless, the ag-
gregation of the three causes of death into one “despair” category has been rapidly adopted
in international analyses (e.g., Liibker & Murtin, 2025), thereby masking country-specific
idiosyncrasies in cause-of-death trends and their underlying drivers. While alcohol, drug,
and suicide mortality have all increased in the USA (Angus et al., 2023), trends in the three

causes combined have been driven by drug deaths (Masters et al., 2018). This suggests a
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need to primarily understand the role of drug-related mortality in the life expectancy stag-
nation of the USA and its divergence from other countries, where trends in external and

substance-related mortality were more favorable before the pandemic (Dowd et al., 2024).

Since the late 1970s, the USA has seen an exponential increase in the number of deaths
from drug overdoses (Jalal et al., 2018). This increase in drug-related deaths has been the
result of multiple overlapping drug epidemics—most recently, the opioid epidemic, which
started with the mass prescription of opioid-based pain killers at the end of the 1990s and
was followed by a significant rise in (lethal) heroin and fentanyl consumption in the 2010s
(see Simon & Masters, 2024 for an overview). Between 2003 and 2013, changes in drug-
related mortality explained on average 19% (men) and 34% (women) of the widening life
expectancy gap between the USA and 17 high-income countries (Ho, 2019). In the years
leading up to the COVID-19 pandemic, additional large increases in alcohol, drug, and
suicide mortality were registered in the USA (Angus et al., 2023). This could mean that
the relative contribution of drug-related mortality to life expectancy divergence is
now even higher. In addition, pre-pandemic increases in alcohol and suicide mortality
in the USA would suggest that the combined impact of external and substance-related

mortality on the life expectancy shortfall from other countries could be much larger.

Compared with other high-income countries, the UK had relatively low mortality from
several external and substance-related causes, such as homicide, suicide, and traffic acci-
dents—although some increases were observed before the COVID-19 pandemic (Dowd et
al., 2024). Pre-pandemic trends in alcohol mortality remained largely flat in the UK,
whereas mortality from drug overdoses and other external causes of death strongly in-

creased (Dowd et al., 2024). However, there has been notable heterogeneity in alcohol,
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drug, and suicide mortality trends between the four constituent nations of the UK (Angus
et al., 2023): England, Wales, Northern Ireland, and Scotland—highlighting again that the
concept of “deaths of despair” does not effectively capture causes of death with a common
aetiology. Prior to the pandemic, increases in drug-related mortality were particularly pro-
nounced in Scotland (Angus et al., 2023). Like in the USA, notable increases have been
seen for deaths involving opioids, such as prescription opioids and heroin, but also deaths
involving other illegal drugs, such as cocaine and benzodiazepines (Office for National
Statistics, 2023). Alcohol-related mortality showed different trends in the four UK coun-
tries, with stable (England and Wales), fluctuating (Northern Ireland), and decreasing
(Scotland) pre-pandemic trends (Angus et al., 2023). In contrast, suicide mortality gener-

ally started to increase across the UK around 2015 (Angus et al., 2023).

Overall, drug-related mortality in the UK has tended to peak at working ages (25-64),
whereas alcohol-related mortality has usually peaked at higher ages, and suicide mortality
has had a less distinct age pattern (Angus et al., 2023)—suggesting that “deaths of despair”
are also not merely a working-age phenomenon. To what extent external and substance-
related deaths contributed to the pre-pandemic life expectancy divergence of the UK
from peer countries, and whether this influence was primarily concentrated in work-

ing ages, has not been sufficiently investigated yet.

Cardiometabolic mortality. Besides external and substance-related mortality, the USA and
the UK have also seen internationally exceptional trends in cardiometabolic mortality—
comprising deaths from both cardiovascular diseases (CVD) and metabolic diseases (Ho &
Hendi, 2024). Prior to the pandemic, cardiometabolic mortality in the USA ranked near the

bottom internationally, while the UK held a relatively favorable position (Ho & Hendi,
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2024). However, in addition to slowdowns in CVD mortality improvements during the
decade 2010-2019 (Lopez & Adair, 2019), the USA and the UK experienced rising meta-
bolic mortality before the pandemic (Ho & Hendi, 2024). These unfavorable trends in car-
diometabolic mortality have been hypothesized to be linked, at least in part, to rising obe-

sity rates (Acosta et al., 2022; McCartney et al., 2022).

Compared with rising external and substance-related mortality, slowing improvements in
cardiometabolic mortality in the USA and the UK were a more important driver of the
countries’ pre-pandemic life expectancy stagnation (e.g., Mehta et al., 2020). For example,
slowing improvements in mortality from CVD, diabetes, and kidney disease accounted for
over 70% (USA) and nearly 70% (UK) of the slowdown in improvements in age-standard-
ized mortality between 2000-2011 and 2011-2019—in contrast to changes in mortality
from drug use disorders and injuries, which accounted for only 6% (USA) and 2% (UK) of

the slowdown (Murphy & Grundy, 2022).

On the one hand, the slowdown in improvements in cardiometabolic mortality implies a
shrinking international advantage (UK) or increasing disadvantage (USA) for this cause of
death and may therefore also be a potential source of divergence in life expectancy. On the
other hand, slowing improvements in cardiometabolic mortality may be a more general
trend (Lopez & Adair, 2019), which would then contribute little to life expectancy diver-
gence. However, to what extent cardiometabolic mortality contributed to the pre-pan-
demic life expectancy divergence of the USA and the UK from other peer countries

has not been sufficiently investigated yet.
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COVID-19 mortality. Many countries experienced large increases in deaths in 2020 and
2021 due to COVID-19. However, in many countries, it became clear early on that excess
deaths—deaths above an expected baseline based on pre-pandemic trends—exceeded the
number of deaths with COVID-19 on the death certificate (Msemburi et al., 2023). The fact
that estimated excess deaths exceeded recorded COVID-19 deaths implies (a) underreport-
ing of COVID-19 deaths—which were then recorded as due to other causes of death—
and/or (b) a true increase in deaths from other causes above and beyond what was expected

based on past trends.

The two explanations for excess non-COVID-19 mortality are not mutually exclusive. For
example, between March 2020 and December 2022, the largest number of excess deaths in
the USA was observed for CVD mortality, at over 100,000 (Degtiareva et al., 2024). In the
USA, non-COVID-19 causes of death accounted for about 20% of the total mortality bur-
den associated with COVID-19 in the first year of the pandemic, with about half of this
burden attributable to circulatory diseases (Luck et al., 2023). In addition, Paglino et al.
(2024) found that increases in registered COVID-19 deaths were usually preceded or ac-
companied by increases and followed by decreases in natural-cause non-COVID-19 excess
deaths. This temporal pattern does not align well with explanations attributing natural-
cause non-COVID-19 excess deaths to healthcare strains, as increases in natural-cause non-
COVID-19 excess deaths would have most likely followed peaks in registered COVID-19
deaths in this case (Paglino et al., 2024). This suggests that many of the excess CVD deaths
during the pandemic were, in fact, unregistered COVID-19 deaths. On the other hand, ad-
mission and treatment of acute cardiovascular diseases, such as heart attacks and strokes,

decreased in many countries during the pandemic, suggesting a large burden of untreated
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CVD and a true increase in CVD mortality (Ball et al., 2020; Hoyer et al., 2020; Kiss et al.,

2021).

The importance of these two mechanisms may have also varied internationally and across
causes of death. For example, underreporting of COVID-19 deaths is generally less of a
concern for non-natural causes of death, such as external and substance-related mortality.
During the COVID-19 pandemic, alcohol and drug mortality generally increased in the
USA and UK, while suicide mortality generally remained stable or decreased slightly (An-
gus et al., 2023). Taken together, COVID-19 mortality and deaths registered as not due
to COVID-19—including cardiometabolic and external and substance-related
deaths—may have played an important role in the additional life expectancy diver-

gence of the USA and the UK during the pandemic.

1.3.3. Consequences of growing life expectancy shortfalls

Most mortality research is concerned with the causes of life expectancy shortfalls, stagna-
tions, or divergences. One of the dominant approaches in this line of research is the use of
demographic decomposition or counterfactual methods to identify the age—cause-of-death
combinations responsible for existing, widening, or narrowing life expectancy gaps. For
instance, using counterfactual methods, Polizzi and Dowd (2024) showed that working-age
mortality is largely responsible for the recent life expectancy divergence between the USA
and other Human Mortality Database countries. In a similar vein, decomposition work has
found that working-age mortality accounts for a large part of the USA life expectancy short-

fall at any given time point (Ho, 2013, 2022; Ho & Preston, 2010).
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Most mortality research uses population health indicators that remove the confounding in-
formation introduced by the age structure of a population. For example, period life expec-
tancy at birth is the hypothetical mean age at death if a newborn experienced the age-spe-
cific death rates observed at a given time (Preston et al., 2001). This is different from esti-
mating the actual mean age of all decedents at that time, which would be largely influenced
by the mortality conditions in the more populous age groups. Removing the confounding
effects of age structure means that mortality conditions can be more reliably compared
across time and populations. However, age-standardized indicators can make it difficult to
convey information about the magnitude of the consequences of mortality divergences on
the population. Thus, some recent research has moved toward directly estimating the con-
sequences of long-term mortality divergences without adjusting for age structure. For ex-
ample, several studies have estimated the number of deaths that could have been avoided
if the USA had followed the more favorable mortality trajectories of its peer countries (Bor
et al., 2023, 2024; Preston & Vierboom, 2021), i.e., if the USA had experienced no mortal-
ity divergence. Bor et al. (2023) estimated that more than 600,000 people (around half aged
less than 65 years) would have survived in 2019 alone if the USA had experienced the

better mortality conditions of the average of 21 other wealthy nations in that year.

Most research on the consequences of mortality shortfalls for population composition has
focused narrowly on estimating “excess mortality,” thereby treating death in a vacuum.
Going beyond an estimation of excess deaths, some research in the field of “kinship de-
mography” (Alburez-Gutierrez et al., 2022) has estimated how many people have lost a
family member to a drug overdose (Schliiter et al., 2024) or SARS-CoV-2 infection (Snyder
etal., 2022), acknowledging that a death has ripple effects on the social and family network

of the decedent.
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The kin loss literature typically starts from the existing kinship networks affected by kin
death. But the early death of people at younger ages, more specifically at reproductive ages
(15-49), can affect kinship networks in an often-overlooked way—by taking away an in-
dividual’s chance to have (additional) children. In this way, early mortality may prevent
family networks from developing in the first place. This argument is linked to recent de-
mographic research on “lineage extinction” (Kolk & Skirbekk, 2022) and connects to the
long tradition of fertility research under the “population renewal” framework (Sharpe &
Lotka, 1911). As opposed to traditional fertility research, which assumes guaranteed sur-
vival until the end of the reproductive period, the population renewal framework extends
widely used fertility indicators, such as the total fertility rate (TFR), by a survival term.
Thus, age-standardized indicators used in the population renewal framework, such as the
net reproduction rate (NRR) or the reproduction survival ratio (RSR), focus on the amount
or share of “potential fertility” that “survives the effects of mortality” among potential par-
ents (Shryock et al., 1998). To explicitly account for the effects of age structure on forgone
birth outcomes, previous studies have used a counterfactual approach to estimate the num-
ber of Americans that “literally owe their lives to health progress” (White & Preston, 1996)
or that “could be alive [...] had mortality in the United States [...] been the lowest possible
at the time” (Muszynska & Rau, 2009). For example, Muszynska and Rau (2009) estimated
that more than 700,000 additional children could have been born in the year 2000 alone if
the USA had had the highest life expectancy recorded in each year of the 20th century.
However, the consequences of the recent divergence in USA life expectancy, particu-
larly the increase in reproductive-age mortality, for birth outcomes have not been ex-

amined.
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1.3.4. Summary

Many high-income countries saw slower life expectancy improvements in the decade
20102019 compared to the preceding decade 2000—2009. For some countries, such as the
USA and the UK, improvements were several magnitudes smaller than for their peer coun-
tries. Together, these trends led to a reshuffling of international life expectancy rankings:
While the USA dropped from 27th to 29th place among 37 Human Mortality Database
countries, the UK lost three places and ranked 22nd in 2019. The decade 2010-2019
showed that, even over a short period of only ten years, life expectancies can evolve in
dramatically different ways across countries. In 2020 and 2021, the COVID-19 pandemic
caused a drastic increase in mortality worldwide, with much larger losses in life expectancy
and slower recoveries in the USA and the UK than in other Human Mortality Database

countries, further manifesting their status as international life expectancy laggards.

The existing demographic literature suggests that external, substance-related, and cardi-
ometabolic mortality in working and reproductive ages have played a key role in the recent
life expectancy divergence of the USA and the UK, with a possible additional effect of
COVID-19 mortality from 2020 onwards. At the population level, the widening mortality
gaps have had potentially devastating and long-lasting consequences, with many early

deaths and never-born children due to avoidable high mortality.

1.4. This dissertation

This dissertation provides a much-needed assessment of the widening life expectancy gaps
between the USA and the UK and other low-mortality countries before, during, and after
the COVID-19 pandemic. Guided by the two main research questions formulated in Box

1-1, the three empirical chapters of this dissertation identify the causes (Chapters 2 and 3)
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and the consequences (Chapter 4) of the life expectancy divergence between the USA and
the UK and their peer countries using high-quality demographic data and state-of-the-art

demographic methods.

1.4.1. Data

For this dissertation, I combine publicly available secondary population-level data from
three main data sources: (1) the Human Mortality Database, (2) the World Health Organi-
zation Mortality Database, and (3) the United Nations World Population Prospects. The
Human Mortality Database is a project at the Max Planck Institute for Demographic Re-
search, the University of California, Berkeley, and the French Institute for Demographic
Studies. It provides high-quality death and population estimates by age, sex, and calendar
year for several low-mortality populations. In addition, the Human Mortality Database pro-
vides estimated life tables, including life expectancy at birth (see Figure 1-1). The World
Health Organization Mortality Database compiles death counts by age, sex, and cause
as reported by World Health Organization member states using the International Classifi-
cation of Diseases. Finally, the United Nations World Population Prospects provide an-
nual population estimates since 1950 for more than 200 populations. These include esti-
mates of deaths and population by age and sex, births by age of mother, and life tables. In

addition, the database provides projections of these estimates until 2100.

1.4.2. Methods

To quantify the causes and the consequences of growing life expectancy shortfalls, this
dissertation makes use of state-of-the-art demographic decomposition methods and coun-
terfactual population projection methods. Demographic decomposition methods take the

difference in demographic summary measures—such as life expectancy—between two
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populations and disaggregate this difference into age- and/or cause-of-death specific con-
tributions. These contributions are additive and sum to the total life expectancy difference
(Preston et al., 2001). Decomposition methods make it possible to identify the age groups
and/or causes of death that are most important in explaining (changes in) life expectancy
gaps, allowing for the formulation of hypotheses about factors that influence differential

disease occurrence.

Counterfactual population projections use mortality rates, fertility rates, and migration
rates or counts to project an initial population by age and sex forward in time under two
scenarios: (1) a baseline scenario in which the initial population is subjected to the mortal-
ity, fertility, and migration conditions actually observed in the population; and (2) a coun-
terfactual scenario in which the initial population is subjected to counterfactual demo-
graphic conditions, such as the conditions observed in other populations (Muszynska &
Rau, 2009; White & Preston, 1996). The difference in demographic indicators between the
two scenarios, such as the number of live births, represents the population consequences of

differences in demographic conditions.

Causes Consequences
USA UK USA UK
Pre-pandemic Chapter 2
Chapter 3 Chapter 4
Pandemic

Figure 1-5. Schematic overview of the empirical chapters of this dissertation.
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1.4.3. Dissertation outline

The remainder of this dissertation is structured as follows: Chapter 2 focuses on England
and Wales, two of the four constituent nations of the UK, and identifies the age groups and
causes of death that contributed to the decreasing life expectancy advantage or increasing
life expectancy disadvantage relative to other European countries in the period 2010-2019
using demographic decomposition. Chapter 3 compares the period immediately before
(2015-2019) and during (2019-2022) the COVID-19 pandemic. Using demographic de-
composition, it identifies the age groups and causes of death that contributed to the change
in life expectancy within countries in each time period. An Addendum to Chapter 3 uses
these decomposition results to identify the contributions of external and substance-related
mortality, cardiometabolic mortality, and COVID-19 mortality to the life expectancy stag-
nation in the USA and the UK during the COVID-19 pandemic, as well as the life expec-
tancy divergence between the USA and the UK and better-performing peer countries before
and during the pandemic. Chapter 4 considers the consequences of the widening life ex-
pectancy gap between the USA and high-income peer countries. Using counterfactual pop-
ulation projections, it estimates the number of children that were not born in the USA
(“missing births”) because the country consistently experienced higher mortality than its
peers. Finally, Chapter 5 summarizes and discusses the three empirical chapters, highlight-
ing potential areas for future research. Figure 1-5 provides a schematic overview of the
three empirical chapters along three axes: causes vs. consequences, USA vs. UK, pre-pan-

demic vs. pandemic.
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1.5. Supplementary Information

1.5.1. Data and methods

For Figures 1-1 and 1-2, I used values for life expectancy at birth for all countries with
available data for the years 2010 and 2019 (Figure 1-1) and 2019 and 2021 (Figure 1-2) in

the Human Mortality Database (HMD, 2025), version 12 December 2024.

For the calculations underlying Figures 1-3 and 1-4, Polizzi and Dowd (2024) used female
and male death and exposures counts by single year of age (0—110+) from the Human Mor-
tality Database (HMD, 2025), version 06 October 2023, for the USA and all countries with
available data for at least 2010 and 2019. They discarded death and exposure counts below
age 25, and aggregated death and exposure counts above age 100 to form a new open-ended
age group. Countries with zero death or exposure counts for at least one age in any of the
two years were excluded, leaving 32 countries for the counterfactual analysis: Australia,
Austria, Belgium, Bulgaria, Canada, Chile, Croatia, Czechia, Denmark, Finland, France,
Germany, Greece, Hong Kong, Hungary, Ireland, Italy, Japan, Latvia, Lithuania, Nether-
lands, New Zealand, Norway, Poland, Portugal, Republic of Korea, Slovakia, Spain, Swe-

den, Switzerland, Taiwan, United Kingdom.

For each country—sex combination, the authors first expressed changes in age-specific mor-
tality rates over the periods 2000-2009 and/or 2010-2019 using an exponential growth
equation with a constant rate 7: m(z) = m(0) X " (Rau et al., 2018), where m(t) is the age-
specific mortality rate in the final year, 2009 or 2019, and m(0) is the age-specific mortality

rate in the base year, 2000 or 2010. In both cases, ¢ = 9. Polizzi and Dowd (2024) obtained

In(T)
r by rearranging the growth equation as follows: » = @. Next, they estimated counter-

factual life expectancy trajectories in the USA for the period 2010-2019. They started with
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the above growth equation, where m(0)) now represents the observed age-specific mortality
rate in the USA in 2009. For the leftmost panel in Figure 1-3, the authors replaced 7 in the
growth equation with the USA value for the period 2000-2009 and successively set ¢ to
values from 1 (for counterfactual age-specific mortality rates in 2010) to 10 (for counter-
factual age-specific mortality rates in 2019) to obtain new values of m(?). For the remaining

panels, they replaced r in the growth equation with the peer country values for the period

2010-2019 and varied ¢ as described above.

Polizzi and Dowd (2024) estimated three counterfactual scenarios: (a) 25—64 counterfac-
tual, where they applied counterfactual » values to working ages only and left all other
mortality rates at their observed values at time #; (b) 65+ counterfactual, where they applied
counterfactual » values to retirement ages only and left all other mortality rates at their
observed values at time ¢; (¢) all ages counterfactual, where they applied counterfactual
values to working ages and retirement ages. They calculated life expectancy conditional on

survival to age 25 in each year using standard procedures (Preston et al., 2001).

For Figure 1-4, the authors aggregated death and exposure counts to derive mortality rates
for five-year age groups (25-29, 30-34, ..., 90-94, 95-99, 100+) and calculated r for each
age group. To ensure that mortality improvements (i.e., decreasing mortality rates) received
positive values, they multiplied » by —1 to obtain so-called “rates of mortality improve-

ment” (Rau et al., 2018), that is: — = ROML.
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1.5.2. Figures
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Figure 1-S1. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMLI. The remaining panels assume that country-specific 2010-2019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Figure 1-S2. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMLI. The remaining panels assume that country-specific 2010-2019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Figure 1-S3. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMII. The remaining panels assume that country-specific 20102019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Figure 1-S4. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMLI. The remaining panels assume that country-specific 2010-2019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Figure 1-S5. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMLI. The remaining panels assume that country-specific 2010-2019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Figure 1-S6. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMI. The remaining panels assume that country-specific 20102019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Figure 1-S7. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMLI. The remaining panels assume that country-specific 2010-2019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Figure 1-S8. Observed and counterfactual life expectancy conditional on survival to age
25 in the USA, 2009-2019. Note: The USA panels assume continuation of USA 2000-2009
ROMI. The remaining panels assume that country-specific 20102019 ROMI would have
applied in the USA. Source: Polizzi and Dowd (2024).
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Chapter 2

Why is life expectancy in England and
Wales falling bebind? A cause-of-death
decomposition approach’

Chapter word count: 8,084

2.1. Abstract

Life expectancy in England and Wales has diverged from its high-income peers since 2011,
raising concerns that the country may become an international laggard like the United
States of America (USA). Using the contour method, we decompose gaps in male and
female life expectancy between England and Wales and 20 individual high-income
countries in 2019 into: (a) pre-existing differences in age- and cause-specific death rates in
2011; and (b) diverging trends in these rates in 2011-19. Focusing on trends, we find that
external mortality at young-to-middle ages, cardiometabolic mortality at middle-to-older
ages, and dementia mortality at older ages contributed most to life expectancy gaps.
Although England and Wales and the USA shared adverse trends in cardiometabolic and
external mortality, England and Wales experienced larger life expectancy gains. Our
findings underscore the urgency of the mortality trends in England and Wales to avoid life

expectancy from falling behind further.

! This chapter is joint work with Andrea M. Tilstra, Luyin Zhang, and Jennifer Beam Dowd.
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2.2. Introduction

After decades of steady progress, mortality improvements in many high-income countries
slowed considerably in the period 2010-19 (Djeundje et al., 2022; Murphy et al., 2019;
Raleigh, 2019). In Europe, this slowdown was particularly pronounced in the United
Kingdom (Minton et al., 2020, 2023), where mortality improvements began to level off in
2011 (Murphy & Grundy, 2022), especially for males (Walsh, Dundas, et al., 2022). Thus
far, there is little agreement on the mechanisms underlying the slowing mortality

improvements in the United Kingdom (Hiam et al., 2023; Public Health England, 2018).

Since 2011, the slowing mortality improvements in England and Wales, two of the four
constituent countries of the United Kingdom (UK), have contributed to widening life
expectancy gaps with other high-income countries (Leon et al., 2019). In 2011, male life
expectancy at birth in England and Wales outperformed the United States (USA) and many
other high-income countries in Northern, Western, and Southern Europe, as shown by the
blue arrow tails in Figure 2-1. In contrast, female life expectancy in England and Wales
was already lower than in many peer countries, as shown by the red arrow tails in Figure
2-1. By 2019, both male (0.8 years) and female (0.6 years) life expectancy in England and
Wales had only shown small improvements compared to the peer countries (1.4 and 0.9
years, on average, respectively) and ranked worse than in 2011, as indicated by the blue

and red arrow heads in Figure 2-1.
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Figure 2-1. Male (blue) and female (red) life expectancy at birth in England and Wales
and 20 high-income countries in 2011 (tail of arrow) and 2019 (head of arrow). Note:
Dotted lines: England and Wales life expectancy in 2011. Dashed lines: England and Wales
life expectancy in 2019. Male life expectancy in England and Wales ranked 7th and 10th
in 2011 and 2019, respectively. Female life expectancy ranked 13th and 17th in 2011 and
2019, respectively. Source: Human Mortality Database.

The USA’s mortality divergence from peer countries has informed much of our current
understanding of international life expectancy shortfalls (Dowd, Doniec, et al., 2024; Ho,
2022; Woolf, 2023). “Deaths of despair” (Case & Deaton, 2015)—deaths from alcohol,
drugs, and suicide—have dominated the narrative about the lack of improvements in USA
longevity, but other evidence suggests that slowing improvements in cardiovascular and

metabolic mortality are a more significant contributor to the USA life expectancy

stagnation (Masters et al., 2018; Mehta et al., 2020). In addition, both working- and
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retirement-age mortality have meaningfully contributed to widening life expectancy gaps
between the USA and other high-income countries (Abrams et al., 2023; Polizzi & Dowd,
2024), with drug-related and cardiometabolic mortality playing an important role in this

divergence (Acosta et al., 2022; Ho, 2019).

Is England and Wales following in the footsteps of the USA, or do different mechanisms
explain its life expectancy divergence from European peer countries? Most existing
research has focused on the slowing life expectancy improvements within England and
Wales over time, with cardiovascular disease, dementia, drug, and influenza mortality
hypothesized to be responsible for the stagnating trends. While current evidence supports
the contributing role of cardiovascular disease and drug-related mortality to life expectancy
stagnation over time within England and Wales (McCartney, Walsh, et al., 2022), the factors
contributing to its life expectancy divergence from other countries may be different (Polizzi
& Dowd, 2024). Many other European countries also experienced slowing mortality
improvements after 2010. Whether these smaller slowdowns were qualitatively similar to
those in England and Wales or reflected different age and cause of death patterns is not

sufficiently known (Minton et al., 2023).

An earlier study found that slower mortality improvements at ages 15 and above in England
and Wales over the period 2011-16 contributed to its increasing life expectancy shortfall
compared to the median among 22 high-income countries (Leon et al., 2019). Due to
methodological constraints, this earlier analysis was restricted to all-cause mortality. In
addition, the life expectancy benchmark in this earlier study was calculated from median
age-specific death rates across all peer countries. This median mortality profile may deviate

from the mortality profiles of individual countries, raising the question of whether the
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earlier findings for England and Wales depend on the specific comparison country chosen.
We build on the study by Leon et al. in three ways: (a) by extending the observation period
to 2019; (b) by comparing England and Wales to 20 individual high-income countries; (¢)
by including an analysis by age and cause of death. This extended analysis allows a more
detailed answer to the question of why life expectancy in England and Wales is increasingly

falling behind other high-income countries.

2.3. Data

We used all-cause mortality rates by sex, year, and age group (0, 1-4, 5-9, 10-14, ...,100-
104, 105-109, 110+) from the Human Mortality Database (HMD, 2024) and retrieved
death counts by sex, year, age group (0, 1-4, 5-9, 10-14, ..., 85+/95+), and International
Classification of Diseases version 10 (ICD-10) code from the World Health Organization
Mortality Database (WHO MD, 2024) for England and Wales and 20 high-income
countries: Austria (country code AT), Belgium (BE), Denmark (DK), Finland (FI), France
(FR), Germany (DE), Greece (GR), Iceland (IS), Ireland (IE), Italy (IT), Luxembourg (LU),
Netherlands (NL), Northern Ireland (GB-NIR), Norway (NO), Portugal (PT), Scotland
(GB-SCO), Spain (ES), Sweden (SE), Switzerland (CH), and USA (US). We used data for
the period 2011-2019, except for countries with more limited data availability including
Greece (2014-2019) and Norway (2011-2016). We excluded Central and Eastern
European countries because of their distinct mortality trajectories (Aburto & van Raalte,

2018).

We focused on six causes of death that have been the focus of recent research on the

stagnating life expectancy in England and Wales (Heath et al., 2018; Hiam et al., 2024; Ho

& Hendi, 2018; Marshall et al., 2019; McCartney, Walsh, et al., 2022; Murphy et al., 2019;
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Public Health England, 2018; Raleigh, 2024), with all remaining causes grouped into a
“residual” category: (1) cardiometabolic diseases (ICD-10 codes EO0—E88 and 100-169),
(2) external and substance-related deaths (F10-F19, K70-K74, and V01-Y89), hereafter
“external” deaths, for brevity, (3) dementia (FO1, FO3, G30, and G31), (4) lung cancer
(C33-C34), (5) all other cancers (C00—C32 and C37-D48), and (6) respiratory diseases
(JO0-J99). We combined cardiovascular and metabolic deaths because of common
underlying risk factors, such as obesity (Ho & Hendi, 2024). However, we separately
analyzed lung cancer deaths due to strong international variation in smoking trends
(Janssen, 2021). The Supplementary Information shows changes in the share of
cardiometabolic deaths that are cardiovascular vs. metabolic deaths (Figure 2-S1); and
changes in the share of cancer deaths that are deaths from lung cancer vs. other cancers

(Figure 2-S2).

In 2019, the six causes of death respectively accounted for 84 and 86 percent of all deaths
among females and males in England and Wales (Figure 2-S3). For each age—sex category,
we proportionally redistributed ill-defined causes of death (R00—R94 and R96-R99) across

the seven cause-of-death categories used in our analysis.
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2.4. Methods

We generated a new open-ended age category for the HMD life tables by dividing life table
deaths above age 95 (£45) by life table exposures above age 95 (Tg5). We then aligned
WHO MD age groups with the new HMD age groups using penalized composite link
models (Rizzi et al., 2015) and calculated the age-specific share of deaths attributable to
each cause. Finally, we derived age- and cause-specific mortality rates by multiplying the
aligned WHO MD cause-of-death shares by the new HMD all-cause mortality rates and

calculated life expectancy at birth following standard procedures (Preston et al., 2001).

We decomposed life expectancy gaps between England and Wales and each of the 20
comparison countries into contributions by age and cause of death using the contour
decomposition method (Jdanov, 2024; Jdanov et al., 2017, 2024). In short, our
decomposition approach estimates the contribution to the life expectancy difference
between two countries at the end of the observation period, usually 2019, from (a) pre-
existing mortality differences at the beginning of the observation period, usually 2011; and
(b) differential mortality trends over the observation period, usually 2011-19. In our results,
we focus on contributions by (a) cause of death, summed across all age groups; and (b) age
group, summed across all causes of death, where we distinguish between “childhood” (ages
0-14), “early working ages” (15—44), “late working ages” (45-64), and “retirement ages”
(65+). We used R version 4.4.2 (R Core Team, 2024) for our analysis, and relied on the
packages furrr (Vaughan & Dancho, 2022), ggh4x (van den Brand, 2024), gggenes
(Wilkins, 2023), HMDHFDplus (Riffe, 2023), tidyverse (Wickham, 2023), and ungroup

(Pascariu et al., 2024) for data handling, analysis, and visualization.
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2.5. Results

2.5.1. Changes in life expectancy gaps

Figure 2-2 shows changes in female (top panel) and male (bottom panel) life expectancy
gaps between England and Wales and all comparison countries in 2011-19 (except Greece
[2014-19] and Norway [2011-16]) in months. This summarizes the mortality data used in
our contour decompositions below. For each panel, the countries are ordered according to

the size of the life expectancy gap in 2011.

In Figure 2-2, we distinguish between six patterns of change. Downward-pointing arrows
indicate that the life expectancy gap between England and Wales and a given comparison
country became worse for England and Wales in 2011-19 (i.e., “decreasing advantage,”
“emerging disadvantage,” or “increasing disadvantage”). For example, the downward
arrow for Denmark in the female panel indicates that the life expectancy advantage of
England and Wales decreased from 13.1 months to 1 month, while the downward arrow
for Portugal in the female panel indicates that the life expectancy disadvantage of England
and Wales increased from 9.1 to 15.0 months. In contrast, upward-pointing arrows indicate
that the life expectancy gap became more favorable for England and Wales (i.e.,
“decreasing disadvantage”, “emerging advantage,” or “increasing advantage”). For
example, the upward arrow for Greece in the female panel indicates that the life expectancy
disadvantage of England and Wales decreased from 8.7 to 5.7 months, while the upward
arrow for Scotland in the female panel indicates that the life expectancy advantage of
England and Wales increased from 25.2 to 26.9 months. The pattern “emerging advantage”

was not observed in our data.
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The dominant pattern for females was a smaller improvement in life expectancy at birth in
England and Wales compared to other countries, as seen by the large number of downward
arrows. Only five life expectancy gaps became more favorable for England and Wales
(France, Greece, Northern Ireland, USA, and Scotland). Relative deterioration was the
norm for male life expectancy gaps as well, except for the increasing advantages over
Scotland and the USA. Overall, life expectancy divergences were larger for males

compared to females, as shown by the longer arrows in the male panel.
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Figure 2-2. Changes in female (top panel) and male (bottom panel) life expectancy gaps
between England and Wales and 20 high-income countries, in months. Note: Observation
period 2011-19, except Greece (2014-19) and Norway (2011-16). “Advantage” and
“disadvantage” are from the perspective of England and Wales. Source: Authors’
calculations based on data from the Human Mortality Database.
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2.5.2. Decomposition results for life expectancy gaps in 2019

Causes of death. Figure 2-3 shows the results of the contour decomposition for the gap in
female (top panel) and male (bottom panel) life expectancy between England and Wales
and each comparison country in 2019 by cause of death in months. Like in Figure 2-2, peer
countries are ordered from left to right according to the size of the total life expectancy gap
in 2011. The arrow heads indicate how much of the 2019 life expectancy gaps between
England and Wales and the peer countries was due to differences in cause-specific death
rates in 2019. This contribution from mortality differences in 2019 is then further split into
contributions from (a) differences in cause-specific death rates that already existed in 2011,
represented by the tail of the arrows, and (b) diverging trends in cause-specific death rates
in 2011-19, represented by the length and direction of the arrows. For example, in 2019,
females in England and Wales had lower cardiometabolic mortality than Danish females,
corresponding to 0.6 months of life expectancy (head of arrow in Figure 2-3a). These 0.6
months can then be split into 4.2 months due to lower cardiometabolic mortality in England
and Wales vs. Denmark at baseline in 2011, and -3.6 months due to a “decreasing
advantage” of England and Wales over Denmark with respect to cardiometabolic mortality
in 2011-19. The value of -3.6 months on the trend component means that without recent
trends in cardiometabolic mortality in both England and Wales and Denmark, their 2019
gap in female life expectancy would have been 3.6 months greater, i.e., 4.6 months instead
of just 1 month (see Figure 2-2). For each cause of death in Figure 2-3, the six categories

29 ¢¢

of change (“increasing disadvantage,” “emerging disadvantage,” “decreasing advantage,”
“decreasing disadvantage,” ‘“emerging advantage,” “increasing advantage”) were

determined by comparing the contributions from mortality differences in 2011 (tail of

arrow) and 2019 (head of arrow).
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For both females and males, most arrows in the “cardiometabolic” panel started above zero,
indicating that England and Wales had better levels of cardiometabolic mortality than most
countries in 2011. By 2019, cardiometabolic mortality in England and Wales was much
closer to the European average, with most remaining advantages reduced to just a few
months of life expectancy. We observed a similar pattern of “decreasing advantages” for

external mortality, especially among males.

In 2011, females in England and Wales ranked close to last for mortality from the
remaining four causes of death—dementia, lung cancer, other cancers, and respiratory
diseases. For dementia mortality, these mortality disadvantages generally increased further
over time, whereas they generally decreased for lung cancer mortality and, to some extent,
respiratory mortality. Gaps in mortality from other cancers showed mixed trends, with
some becoming more favorable for England and Wales (“decreasing disadvantage,”
“increasing advantage”) and some becoming less favorable (“decreasing advantage,”

99 ¢¢y

“emerging disadvantage,” “increasing disadvantage”).

Males in England and Wales also ranked close to last for dementia and respiratory mortality

in 2011. These gaps usually became worse for England and Wales (“decreasing

99 ¢¢ 99 Cey

advantage,” “emerging disadvantage,” “increasing disadvantage”) or remained relatively
stable. In contrast, males in England and Wales had among the lowest lung cancer mortality

in 2011, which largely remained true over time. Males in England and Wales ranked in the

middle for other cancers at baseline, with most gaps becoming less favorable over time
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Figure 2-3. Contributions (in months) from mortality differences in 2011 (tail of arrow)
and mortality trends between 2011-19 (length and direction of arrow) to female (top panel)
and male (bottom panel) life expectancy gaps between England and Wales and each high-
income country in 2019, by cause of death. Note: See the note in Figure 2-2 for exceptions
in the observation period. “Advantage” and “disadvantage” are from the perspective of
England and Wales. Source: Authors’ calculations based on data from the Human Mortality
Database and the World Health Organization Mortality Database.

Figure 2-4 shows only the trend contributions from the contour decomposition,

corresponding to the length of the arrows in Figure 2-3. By centering the arrows from
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Figure 2-3 around the zero line, Figure 2-4 removes information on initial mortality
differences, allowing us to focus on whether mortality gaps changed unfavorably

2 ¢¢

“decreasing advantage emerging disadvantage,” or ‘“increasing disadvantage”) or
b b

2 ¢

favorably (“decreasing disadvantage,” “emerging advantage,” or “increasing advantage”)
for England and Wales. The bar colors in Figure 2-4 represent different causes of death.

Similar to Figures 2-2 and 2-3, the peer countries are listed on the vertical axis according

to the size of the total life expectancy gap in 2011.
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Contribution to life expectancy gap (months)

Figure 2-4. Contributions (in months) from mortality trends between 2011-19 to female
(top row) and male (bottom row) life expectancy gaps between England and Wales and
each high-income country in 2019, by cause of death. Note: See the note in Figure 2-2 for
exceptions in the observation period. “Advantage” and “disadvantage” are from the
perspective of England and Wales. Source: Authors’ calculations based on data from the
Human Mortality Database and the World Health Organization Mortality Database.

Figure 2-4 serves to facilitate interpretation of Figure 2-5, which further breaks down the
contributions from mortality trends into their country-specific components. Lighter shades

represent contributions from mortality trends in England and Wales, while darker shades
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represent contributions from mortality trends in the peer countries. The sum of the lighter
and darker bars in Figure 2-5 is equal to the bars in Figure 2-4 and the length of the arrows
in Figure 2-3. Dark bars to the left of zero mean that mortality in the peer country improved,
whereas light bars to the left of zero mean that mortality in England and Wales worsened.
Conversely, dark bars to the right of zero mean that mortality in the peer country worsened,
whereas light bars to the right of zero mean that mortality in England and Wales improved.
Building on the previous example, cardiometabolic mortality among females in England
and Wales improved in 2011-19 (light blue bar pointing to the right), increasing the life
expectancy gap with Denmark by roughly 5 months. However, among Danish females,
cardiometabolic mortality also improved (dark blue bar pointing to the left), reducing the
life expectancy gap with England and Wales by roughly 9 months. Together, the
contributions from the country-specific mortality trends net out to -3.6 months, which is
equal to the trend component in Figures 2-3 and 2-4. Contributions for England and Wales,
i.e., the light bars within each cause-of-death panel, are of similar length, except where the

period of observation differs (i.e., Greece and Norway).

Figure 2-5 shows that mortality from cardiometabolic diseases and other cancers generally
improved in all countries (i.e., dark bars to the left of zero and light bars to the right of
zero), but typically less so in England and Wales. In contrast, mortality from external
causes decreased in most comparison countries (i.e., dark bars to the left of zero) but
increased in England and Wales (i.e., light bars to the left of zero). Most high-income
countries saw increases in mortality from dementia (i.e., dark bars to the right of zero and
light bars to the left of zero), which were more extreme for England and Wales. Finally,
lung cancer and respiratory mortality showed sex-specific patterns. Among males, these

causes typically improved across countries (i.e., dark bars to the left of zero and light bars
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to the right of zero), but less in England and Wales. Females in England and Wales
generally saw improvements in these causes (i.e., light bars to the right of zero), while they
worsened in some peer countries (i.e., dark bars to the right of zero), resulting in the mixed

net trends shown in Figure 2-4.
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Figure 2-5. Contributions (in months) from mortality trends between 2011-19 in England
and Wales (lighter shade) and each high-income country (darker shade) to female (top row)
and male (bottom row) life expectancy gaps in 2019, by cause of death. Note: See the note
in Figure 2-2 for exceptions in the observation period. Source: Authors’ calculations based
on data from the Human Mortality Database and the World Health Organization Mortality
Database.

Causes of death and age groups. In the Supplementary Information (Figures 2-S4 to 2-S7),
we further break down the cause-specific contributions from Figure 2-3 by age group for
females and males. These Figures show that the mortality trends in cardiometabolic
mortality were predominantly driven by ages 65+. However, unfavorable mortality trends

for England and Wales in cardiometabolic mortality were also visible in the age group 45—
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64. By 2019, England and Wales still outperformed most countries in cardiometabolic

mortality at ages 65+ but ranked near the bottom for ages 45—64.

Trends in external mortality were predominantly driven by working ages (15-64).
Particularly concerning were the unfavorable mortality trends for England and Wales
among males aged 15—44, with several emerging disadvantages. Consequently, by 2019,
males in England and Wales ranked worse than average for external mortality in early

working ages.

Finally, contributions from trends in dementia mortality were entirely driven by ages 65+.
In contrast, trends in cancer and respiratory mortality were driven by both late working and
retirement ages (45+). While mortality trends for these causes were generally worse for
England and Wales for ages 45-64, for ages 65+, the trends were more mixed. The
exception was female lung cancer mortality, which consistently showed favorable trends

for England and Wales, especially in the age group 65+.

Residual causes of death. In the Supplementary Information (Figure 2-S8), we show
contributions to the 2019 life expectancy gaps for the residual cause-of-death category. In

most country comparisons, mortality in the residual category changed in favor of England

99 ¢¢ 99 6

and Wales (“decreasing disadvantage,” “emerging advantage,” “increasing advantage”).
These relatively favorable mortality trends in the residual category appeared across most

age groups and prevented England and Wales life expectancy from falling behind even

further.
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Age groups. Analogous to Figure 2-3, Figure 2-6 displays age-group-specific contributions
(again in months) to the 2019 life expectancy gap between England and Wales and the
comparator countries based on the contour decompositions for females (top panel) and
males (bottom panel). In 2011, England and Wales generally had a small mortality
disadvantage in childhood (ages 0—14) that changed only little in 2011-19. This was also
true for female mortality in early working ages (15—44). In contrast, male mortality at ages

15-44 in England and Wales started in the middle of the pack and worsened by 2019.
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a: Contribution to female life expectancy gap (months)
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Figure 2-6. Contributions (in months) from mortality differences in 2011 (tail of arrow)
and mortality trends between 2011-19 (length and direction of arrow) to female (top panel)
and male (bottom panel) life expectancy gaps between England and Wales and each high-
income country in 2019, by age group. Note: See the note in Figure 2-2 for exceptions in
the observation period. “Advantage” and “disadvantage” are from the perspective of
England and Wales. Source: Authors’ calculations based on data from the Human Mortality

Database and the World Health Organization Mortality Database.
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In 2011, female mortality at ages 45+ in England and Wales already ranked poorly. By
2019, most of the mortality gaps had worsened. The large female mortality disadvantage
of England and Wales in retirement-age mortality in 2011 and 2019 compared to countries
such as Spain, France, and Switzerland were particularly noteworthy, amounting to more
than one year of life expectancy. In contrast, male mortality in 2011 at ages 45 and older
ranked favorably compared to most peer countries. However, by 2019, these gaps worsened

for England and Wales, falling closer to the middle of the rankings.

Analogous to Figure 2-4, Figure 2-7 shows the trend contributions to the life expectancy

gap in 2019 by age group.
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Contribution to life expectancy gap (months)
Figure 2-7. Contributions (in months) from mortality trends between 2011-19 to female
(top row) and male (bottom row) life expectancy gaps between England and Wales and
each high-income country in 2019, by age group. Note: See the note in Figure 2-2 for
exceptions in the observation period. “Advantage” and “disadvantage” are from the
perspective of England and Wales. Source: Authors’ calculations based on data from the
Human Mortality Database and the World Health Organization Mortality Database.
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Figure 2-7 serves to facilitate interpretation of Figure 2-8, which shows that the net negative
trend contributions generally came from smaller mortality improvements in England and
Wales (lighter bar shade pointing to the right) than in the comparator countries (darker bar
shade pointing to the left), especially for males. Particularly noteworthy is the virtual
absence of mortality improvements in early working ages (15-44) and the much smaller
mortality improvements in late working ages (45—-64) in England and Wales. Mortality
improved more at retirement ages (65+) in England and Wales but still more slowly than

in the peer countries, resulting in the net negative trends shown in Figure 2-7.
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Figure 2-8. Contributions (in months) from mortality trends between 2011-19 in England
and Wales (lighter shade) and each high-income country (darker shade) to female (top row)
and male (bottom row) life expectancy gaps in 2019, by age group. Note: See the note in
Figure 2-2 for exceptions in the observation period. Source: Authors’ calculations based
on data from the Human Mortality Database and the World Health Organization Mortality
Database.
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2.5.3. Comparison with the USA

The life expectancy disadvantage of the USA compared to England and Wales grew over
the period 2011-19 (Figure 2-2), despite smaller increases in dementia mortality and larger
improvements in lung cancer mortality (Figures 2-3 to 2-5). Mortality from
cardiometabolic diseases improved much less in the USA, and mortality from external
causes increased more than in England and Wales. Consequently, working-age mortality
increased (ages 15-44) or stagnated (ages 45—64) in the USA (Figures 2-6 to 2-8). For
retirement-age mortality (ages 65+), patterns differed between females (larger USA

improvements) and males (smaller USA improvements).

2.6. Summary

Life expectancy is a key barometer of overall population welfare, reflecting the cumulative
effects of the broader social, economic, and environmental conditions in which people live.
While stagnation and reversals in life expectancy in the USA have garnered significant
attention in recent years, slowing mortality improvements in England and Wales have also
raised alarm bells. Male life expectancy in England and Wales in 2011 was higher than in
many other high-income countries. However, the slower improvements in England and
Wales meant that life expectancy advantages over most other countries have shrunk,
whereas existing disadvantages have widened. Female life expectancy in England and
Wales already ranked comparatively low in 2011 and lost further ground over the period

2011-19.

Previously, the causes of death contributing to the recent life expectancy divergence

between England and Wales and other high-income countries were not fully understood.

Building on an earlier study (Leon et al., 2019), we applied state-of-the-art decomposition
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methods to high-quality mortality data to better understand recent life expectancy changes
in England and Wales vis-a-vis its peers. The contour decomposition approach allowed us
to quantify the contribution of recent mortality trends to current life expectancy gaps, net
of the contribution of baseline mortality differentials. Thus, our study addressed the
question of changing gaps in life expectancy between England and Wales and other high-
income countries. This complements existing research focusing on the causes of
slowdowns in mortality improvements within England and Wales over time (Murphy &
Grundy, 2022). While some overlap in the explanatory mechanisms can be expected, these
are distinct research questions that warrant their own research designs (Abrams et al., 2023;

Polizzi & Dowd, 2024).

Overall, the life expectancy divergence of England and Wales was more pronounced for
males compared to females. This finding is consistent with previous studies that found the
slowdown in mortality improvements within England to be much stronger among males
vs. females (Walsh, Dundas, et al., 2022). Consistent with Leon et al., our decomposition
results suggest that all age groups except for childhood (ages 0-14) contributed
meaningfully to life expectancy divergences between England and Wales and other high-
income countries. This reflected both smaller (age groups 45—64 and 65+) and stagnating
(ages 15—44) mortality improvements in England and Wales. In contrast, most age groups
in the high-income peer countries saw consistent mortality improvements during 2011-19.
Thus, by 2019, mortality in England and Wales had become closer to the peer average

(males) or fallen even further behind the peer average (females).

These age-specific patterns are directly linked to changes in cause-specific mortality in

England and Wales compared to the peer countries. Less favorable trends for England and
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Wales were generally seen for: (a) external mortality at young and middle ages (15-64),
except when compared with Scotland and the USA; (b) mortality from cardiometabolic
diseases at middle and older ages (45+), except when compared with the USA; (c) male
lung cancer mortality at late working ages (45—-64); (d) and (e) female and male mortality
from other cancers and respiratory diseases at late working ages (45-64); and finally, (f)
dementia mortality at older ages (65+), especially among females. More favorable trends
for England and Wales compared to peers were rare and generally seen for (a) female lung
cancer mortality at middle and older ages (45+) and male lung cancer mortality at
retirement ages (65+); (b) female and male mortality from other cancers and respiratory
diseases at retirement ages (65+); (c¢) female and male mortality from residual causes of

death across all age groups, but mostly at retirement ages (65+).

2.7. Discussion

2.7.1. External mortality

External causes of death are one example of how the shift from a within-country to a cross-
country perspective strongly influences conclusions about drivers of life expectancy
stagnation or divergence. While trends within England and Wales over time suggest that
rising external mortality has offset improvements in other causes of death by only one or
two months, strong improvements in some other countries, such as Ireland and Finland,
mean that differential trends in external mortality have contributed up to eight months to
the life expectancy disadvantage of England and Wales vs. its peers. Consistent with our
findings, Dowd et al. (2024) documented worsening mortality among ages 25—64 in the
UK compared to high-income peers from 1990-2019, particularly for drug-related deaths.
England and Wales has recently seen sharp rises in deaths from drug misuse, especially

deaths involving opioids, cocaine, and benzodiazepines (Office for National Statistics,
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2023). Also consistent with our results, drug-related mortality in midlife has increased
dramatically in Scotland, with mortality rates for some age—sex groups even exceeding
levels in the USA (Dowd et al., 2023). Compared to high-income peers, the UK had
relatively low mortality due to transport accidents, suicide, and homicide mortality, though
some increases were visible in recent years, including among other external causes of death

(Dowd, Doniec, et al., 2024).

2.7.2. Cardiometabolic mortality

Our finding that smaller improvements in cardiometabolic mortality contributed to the
mortality divergence of England and Wales are consistent with observations of slowing
cardiovascular mortality improvements across high-income countries (Lopez & Adair,
2019). The UK saw large annual reductions in cardiovascular mortality of around five
percent per year in 2001-10, which declined to around four percent per year during 2010—
15, and further to around two percent in 2014-15 (Lopez & Adair, 2019). This slowing
trend was even more pronounced for the age group 35-74 (Lopez & Adair, 2019). Some
data even suggest an increase in cardiovascular mortality in the UK between 2016 and 2017
(Lopez & Adair, 2019). Analyses using more fine-grained cause-of-death coding than was
possible with our decomposition approach suggest that improvements in England have
slowed particularly for heart disease and stroke mortality (Public Health England, 2018).
Slowing improvements in coronary heart disease in the UK were mostly visible below age
54 (Nichols et al., 2013), and slowing improvements in stroke mortality were concentrated
among certain stroke types (Shah et al., 2019). While UK death rates from cardiometabolic
disease were low compared to peers in 2011, continued large improvements in countries
with lower cardiometabolic mortality, such as Switzerland or Spain, suggest that slowing

improvements in England and Wales are not due to floor effects (Ho & Hendi, 2024).
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Two potential explanations for slowing improvements in cardiometabolic mortality in the
UK are (a) limited remaining gains from reductions in smoking; and (b) the accumulating
impact of the obesity epidemic (Acosta et al., 2022; Lopez & Adair, 2019). The UK was
one of the first countries to undergo the smoking transition, as seen by changes in peak
smoking prevalences across cohorts, i.e., the maximum proportion of individuals within a
cohort who were smokers at the same time. Peak smoking prevalence was highest in the
male birth cohorts of the 1910s, at over 80 percent, and in the female cohorts of the 1920s,
at around 50 percent (Christopoulou, 2015). In other countries, such as Germany and Spain,
men born in the 1940s and 1950s and women born in the 1950s and 1960s had the highest
peak smoking prevalence (Christopoulou & Onder, 2015; Decicca et al., 2015; Vogt et al.,
2017). Different cohort smoking patterns in England and Wales and its peer countries
translate into different amounts of period life expectancy lost to smoking. Based on 2014
data, Janssen (2021) estimated that men in the UK could gain nearly two years of life
expectancy by eliminating smoking-attributable mortality, surpassing only Sweden,
Iceland, Norway, Switzerland, Finland, and Ireland. For women, the potential gain in life
expectancy in the UK was also close to two years, the third-largest value in Janssen’s
sample of 30 European countries. Our results highlight the later smoking transition of most
European peer countries compared to England and Wales, with lung cancer mortality still
improving rapidly for men and worsening for women in the peer countries. Although
further improvements in cardiometabolic and lung cancer mortality could still be achieved
by reducing smoking in England and Wales (see Acosta et al., 2022 for evidence from the
USA), recent stabilization in cohort smoking trends mean that these reductions may not be
realized. In other high-income countries, declines in peak smoking prevalence can still be
expected in future cohorts of men and women based on recent trends (Christopoulou &

Onder, 2015; Decicca et al., 2015).
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Rising obesity levels may have—at least in part—offset expected improvements in
cardiovascular mortality from smoking reductions (Lopez & Adair, 2019). The obesity
epidemic has become a common explanation for the recent lack of improvements in
cardiovascular disease mortality in the USA (Mehta et al., 2020; Preston et al., 2018), where
adult obesity (BMI >30) levels before the COVID-19 pandemic were as high as 42%
(Stierman et al., 2021). In England, adult obesity prevalence in 1993-2019 increased from
16% to 31% (Moody, 2020), levels that are lower than in the USA but higher than in most
of Europe (World Health Organization Regional Office for Europe, 2022). Obesity levels
in England have increased almost continuously across birth cohorts, particularly among
those born between the mid-1970s and the mid-1990s (Opazo Breton & Gray, 2023).
Besides the acute risk of obesity for diabetes and cardiovascular disease, this means that
younger cohorts are spending more years of their lives obese on average, potentially
contributing to longer-term trends in risk. Thus, the UK’s forerunner position in the obesity
epidemic (Janssen et al., 2020) could be a factor in the diverging mortality trends between
England and Wales and other European countries. While associations between obesity and
mortality are challenging to estimate (Stokes & Preston, 2016), an analysis by Walsh et al.
(2022) suggests that in the 2017-19 period, up to about 20% (males) and 35% (females) of
the discrepancy between observed mortality rates and expected mortality rates (based on a
linear extrapolation of trends in 1991-2010) among 35-to-89-year-olds in England could

be due to changes in the BMI distribution between the mid-1990s and the late 2000s.
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2.7.3. Cancer mortality

Cancer (including lung cancer) has overtaken cardiovascular disease as the most common
cause of death in the UK—in 2011 for men and in 2014 for women (Wilson et al., 2017).
We find that slower improvements in mortality from non-lung cancers have contributed
meaningfully to the widening mortality gap between England and Wales and other high-
income countries, particularly for males. Yet, cancer mortality has so far received little
attention in the literature on life expectancy stagnation in England and Wales (e.g., Public
Health England, 2018). In the UK, declines in cancer mortality started decelerating in the
1990s (Wilson et al., 2017). Between 200111 and 2011-19, cancer mortality, including
lung-cancer, contributed just below 15% to the total slowdown in mortality improvements
in the UK (Murphy & Grundy, 2022). Improvements in ten-year survival for all cancers
combined in the UK have slowed since 2010, and cancer survival is lagging behind
comparable countries (Cancer Research UK, 2024). In addition, compared to the early
1990s, mortality rates for liver, skin, and oral cancer have increased among men aged 35—
69 in the UK (Shelton et al., 2024). Similarly, among women aged 35—69, mortality rates
for liver, oral, pancreas, and uterine cancer have grown in the past 30 years. Compared to
2001-11, mortality improvements in breast cancer and colon and rectum cancer in 2011—
19 have also slowed down or reversed in the UK (Murphy & Grundy, 2022). Among other
risk factors, increases or slowdowns in improvements in liver, uterine, breast, and
colorectal cancer mortality rates could potentially be linked to rising overweight and
obesity in the UK (Shelton et al., 2024). While we still lack a good understanding of the
pace of improvements in other cancer sites and the potential causes of slowdowns in cancer
mortality improvements, our results suggest that cancer mortality may be a meaningful
contributor to the life expectancy shortfall of England and Wales compared to other high-

income countries.
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2.7.4. Respiratory mortality

Previous reports by Public Health England and the UK’s Office for National Statistics
emphasized the role of seasonal influenza in the stagnating life expectancy trends in
England and Wales, pointing to an increase in excess winter deaths between 2014 and 2015
(Hiam et al., 2024; Murphy, 2021). Because influenza may be underreported on death
certificates, we followed earlier studies and investigated trends in respiratory mortality
more broadly (Ho & Hendi, 2018). However, our decomposition results show that
contributions of trends in respiratory diseases to the life expectancy gap between England
and Wales and other countries are generally small and mixed in direction. Both males and
females in England and Wales saw further improvements in respiratory mortality across
the period 2011-19 and sometimes larger gains than in other countries. Thus, our findings
support work questioning the role of influenza in longer-term life expectancy stagnation,
since influenza deaths constitute a small share of all deaths and there has been a longer-

term decline in influenza deaths (Murphy, 2021).

2.7.5. Dementia mortality

Our finding that England and Wales saw larger increases in dementia mortality contradicts
trends in dementia incidence in England and Wales. While a recent study using an
algorithm-based dementia case definition found that dementia incidence in England and
Wales declined between 2002 and 2008 and increased again between 2008 and 2016 (Chen
et al., 2023), this U-shaped time trend has been attributed to the use of inconsistent
dementia definitions in the original study (Ahmadi-Abhari & Kivimiki, 2024). A
reanalysis of the same data source using a consistent case definition concluded that
dementia incidence has, in fact, continuously declined over the first two decades of the

twenty-first century (Ahmadi-Abhari & Kivimiki, 2024). Simultaneously, the proportion
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of GP patients with a dementia diagnosis has increased (Donegan et al., 2017), especially
following the introduction of the National Dementia Strategy for England in 2009. Thus,
the disproportionately fast increase in the use of dementia as underlying cause of death in
England and Wales appears to be mainly attributable to a rise in dementia awareness
(Murphy & Grundy, 2022) and changes to the cause-of-death coding algorithms in 2011
and 2014 (McCartney, Walsh, et al., 2022), which contributed to substantial overreporting

of dementia as an underlying cause of death (Adair et al., 2023).

Recent increases in reported dementia death rates have also been documented in other
countries with declining dementia incidence (Farina et al., 2022). Over the period 2006—
17, deaths in Australia and the USA with dementia listed as a multiple cause of death have
seen an increasing use of dementia as the underlying cause of death (Adair et al., 2022).
Simultaneously, the use of cardiovascular disease as underlying cause of death decreased.
These changes in certification practices and dementia reporting suggest that the
contribution of trends in dementia mortality to life expectancy gaps between England and
Wales and other high-income countries may be overestimated in our study. In addition, if
major causes of death at older ages, such as cardiometabolic and respiratory diseases, have
become more likely to be coded as dementia over time, improvements in these causes may
have been even smaller than they appeared in our results (Adair et al., 2022; Murphy et al.,

2019).

2.7.6. Macro-level drivers of mortality trends
Other studies have documented widespread slowdowns in mortality improvements in high-
income countries, with England and Wales showing relatively strong mortality deceleration

in the decade 2010-19. Our results suggest that England and Wales mainly differs from
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other high-income countries in the magnitude of mortality improvements or deteriorations
rather than the pattern of ages and causes. With few exceptions, such as lung cancer
mortality among females and external-cause mortality among both females and males, the
direction of mortality changes in England and Wales and other high-income countries were
broadly similar. Thus, shared drivers of international slowdowns in life expectancy
improvements may have been exacerbated by factors specific to England and Wales
(Minton et al., 2023). Austerity—reductions in government spending to achieve debt
reduction following the 2007—-08 financial crisis (Stuckler et al., 2017)—has been proposed
as a potential cause of adverse mortality trends in England and Wales (Walsh &
McCartney, 2025). Internationally, austerity was found to be associated with worse
mortality outcomes (McCartney, McMaster, et al., 2022; Rajmil & Fernandez de
Sanmamed, 2019). While the UK was not the only country to implement austerity
measures, it had one of Europe’s largest austerity packages and was among a small group
of countries in our sample that reduced public spending on social protection (Reeves et al.,
2013). Reductions were achieved though changes in benefit generosity and eligibility
(Griffiths, 2020) as well as through funding cuts to local governments, which are
responsible for the provision of social care and public health, among other factors (Gray &
Barford, 2018). Simultaneously, increases in healthcare expenditure have considerably
slowed in the UK from 2009 onwards, compared with other high-income countries
(Papanicolas et al., 2019). Within the UK, spending cuts were most severe among the most

deprived areas (Currie et al., 2019; Gray & Barford, 2018; Griffiths, 2020).

Most work on the association between austerity and mortality in England and Wales has

studied variation at the subnational level using macro-level data. For example, at the local

level in the UK, cuts to social security, social care, public health, and healthcare
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expenditure were associated with worse mortality (Alexiou et al., 2021; Martin et al., 2021;
Seaman et al., 2024), including higher older-age mortality (Loopstra et al., 2016; Watkins
et al., 2017), suicide mortality (Barr et al., 2016), and drug overdoses (Friebel et al., 2022;
Koltai et al., 2021). However, empirical evidence is not yet sufficient to conclude that the
specific austerity package implemented in England and Wales can fully or partially explain
its diverging mortality trends from those in other high-income countries that also
implemented austerity measures, through which mechanisms the effect of austerity

operates, and to which causes of death this applies.

2.7.7. Strengths, limitations, and further research

While our cause-of-death analysis is a major strength of our study, the computationally
intensive algorithm used for our decompositions means that we had to restrict our analysis
to a smaller set of broad causes of death, limiting our ability to analyze more specific
causes. Causes of death not falling into our broad categories were assigned to the ‘residual’
category, which includes a variety of less common causes of death. This residual category
comprised about 13 percent (females) and 12 percent (males) of total deaths in England
and Wales in 2019. Nonetheless, our analysis focused on the main causes of death
highlighted in recent discourse on the life expectancy stagnation in England and Wales.
Thus, our study paints a comprehensive picture of diverging life expectancy trends in
England and Wales vs. other high-income countries and lays a foundation for
understanding determinants of mortality that are both similar and different across countries.
Existing comparative work on international mortality trends has focused primarily on the
mortality disadvantage of the USA, potentially overlooking concerning trends in other
countries that are also seeing stagnating or rising mortality, such as England and Wales.

While there are some similarities in the narratives used to explain life expectancy trends in

Page 74



England and Wales and the USA, such as the obesity epidemic and so-called “deaths of
despair,” there are important differences between the USA and England and Wales.
Mortality trends in England and Wales are still much better than in the USA, where
cardiometabolic disease mortality barely improved from 2011 to 2019 and external-cause
mortality soared due to the opioid crisis. England and Wales also experienced distinct
mortality trends that should be examined further, including significant increases in
dementia mortality, particularly among females. In addition to the USA and England and
Wales, life expectancy slowdowns in other European countries, such as France, Germany,
and the Netherlands, have been noted. The COVID-19 pandemic, which started after our
period of analysis, led to life expectancy losses across many high-income countries,
including from mortality not attributed to COVID-19 (Polizzi et al., 2025). By 2023, life
expectancy in many countries had still not returned to pre-pandemic levels (Huang et al.,
2024). Whether we are entering a period of more generalized life expectancy stagnation in
high-income countries and how life expectancy trajectories will develop in the post-

pandemic period will be an important question to monitor (Dowd, Polizzi, et al., 2024).

Our findings suggest important areas for future research. First, future work should examine
cohort differences in lifetime exposures when evaluating the role of obesity in international
cardiometabolic mortality trends. In addition, cross-country comparisons of changes in
cardiometabolic risk factors such as management of high blood pressure and cholesterol
may help shed light on the slowing mortality improvements both within England and Wales
as well as in relation to other high-income nations. Second, future research could preferably
use multiple cause of death data to determine how changes in dementia mortality have
contributed to life expectancy changes among high-income countries, better accounting for

changes in dementia coding and reporting practices. Third, our analysis suggests that a
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deeper examination of cross-country differences in sex-specific mortality trends could
yield additional insights. In absolute terms, life expectancy in England and Wales has fallen
behind more for males vs. females, although female life expectancy ranked worse initially.
How this increasing male disadvantage reflects sex differences in population health risk
factors such as obesity should be explored further. Finally, given evidence that the
stagnation in life expectancy in England and Wales has hit the most deprived areas hardest,
with some parts of the population experiencing rising all-cause mortality (Walsh, Dundas,
et al.,, 2022), future research should investigate how widening social inequalities in
mortality by cause of death have contributed to the life expectancy divergence of England

and Wales from other countries.

2.8. Conclusion

Mortality trends reflect a combination of short- and long-term mechanisms that are
challenging to disentangle (Murphy et al., 2019). Period health shocks such as influenza
and COVID-19 or rising drug overdose deaths call attention to short-term medical and
policy remedies. Medium- and long-term determinants of mortality, including complex
comorbidities related to the obesity epidemic, rising prevalence of mental health disorders
and substance use, and long-term changes in economic and social policies, are more
difficult to isolate but even more important to understand. Our analysis aimed to build the
fact base for further hypothesis testing regarding the short- and long-term mechanisms
underlying the diverging mortality trends in England and Wales. Additional comparative
mortality work is needed to understand both differences and similarities in mortality
patterns across countries and how these may relate to both micro and macro determinants

of population health.
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Figure 2-S1. Share of all cardiometabolic deaths that are metabolic deaths. Source:
Authors’ calculations based on data from the World Health Organization Mortality
Database.
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Lung cancer deaths as share of all cancer deaths
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Figure 2-S2. Share of all cancer deaths that are lung cancer deaths. Source: Authors
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a: Contribution to female life expectancy gap (months)
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Figure 2-S4. Contributions (in months) from mortality differences in 2011 (tail of arrow)
and mortality trends between 2011-19 (length and direction of arrow) to female (top panel)
and male (bottom panel) life expectancy gaps between England and Wales and each high-
income country in 2019, by cause of death, age group 0—-14. Note: See the note in Figure
2-2 for exceptions in the observation period. “Advantage” and “disadvantage” are from the
perspective of England and Wales. Source: Authors’ calculations based on data from the

Human Mortality Database and the World Health Organization Mortality Database.
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a: Contribution to female life expectancy gap (months)
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Figure 2-S5. Contributions (in months) from mortality differences in 2011 (tail of arrow)
and mortality trends between 2011-19 (length and direction of arrow) to female (top panel)
and male (bottom panel) life expectancy gaps between England and Wales and each high-
income country in 2019, by cause of death, age group 15—44. Note: See the note in Figure
2-2 for exceptions in the observation period. “Advantage” and “disadvantage” are from the
perspective of England and Wales. Source: Authors’ calculations based on data from the

Human Mortality Database and the World Health Organization Mortality Database.
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a: Contribution to female life expectancy gap (months)
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Figure 2-S6. Contributions (in months) from mortality differences in 2011 (tail of arrow)
and mortality trends between 2011-19 (length and direction of arrow) to female (top panel)
and male (bottom panel) life expectancy gaps between England and Wales and each high-
income country in 2019, by cause of death, age group 45—-64. Note: See the note in Figure
2-2 for exceptions in the observation period. “Advantage” and “disadvantage” are from the
perspective of England and Wales. Source: Authors’ calculations based on data from the
Human Mortality Database and the World Health Organization Mortality Database.
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b: Contribution to male life expectancy gap (months)
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Figure 2-S7. Contributions (in months) from mortality differences in 2011 (tail of arrow)
and mortality trends between 2011-19 (length and direction of arrow) to female (top panel)
and male (bottom panel) life expectancy gaps between England and Wales and each high-
income country in 2019, by cause of death, age group 65+. Note: See the note in Figure 2-
2 for exceptions in the observation period. “Advantage” and “disadvantage” are from the
perspective of England and Wales. Source: Authors’ calculations based on data from the

Human Mortality Database and the World Health Organization Mortality Database.
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a: Contribution to female life expectancy gap (months)
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Figure 2-S8. Contributions (in months) from mortality differences in 2011 (tail of arrow)
and mortality trends between 2011-19 (length and direction of arrow) to female (top panel)
and male (bottom panel) life expectancy gaps between England and Wales and each high-
income country in 2019, total and by age group, residual causes of death. Note: See the
note in Figure 2-2 for exceptions in the observation period. “Advantage” and
“disadvantage” are from the perspective of England and Wales. Source: Authors’
calculations based on data from the Human Mortality Database and the World Health
Organization Mortality Database.
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Chapter 3
Indirect effects of the COVID-19
pandemic: a cause-of-death analysis of

life expectancy changes in 24 countries,
2015 to 2022'

Chapter word count: 7,155

3.1. Abstract

Worldwide, mortality was strongly affected by the COVID-19 pandemic, both directly
through COVID-19 deaths and indirectly through changes in other causes of death. Here,
we examine the impact of the pandemic on COVID-19 and non-COVID-19 mortality in 24
countries: Australia, Austria, Brazil, Bulgaria, Canada, Chile, Croatia, Czechia, Denmark,
England and Wales, Hungary, Japan, Latvia, Lithuania, the Netherlands, Northern Ireland,
Poland, Russia, Scotland, South Korea, Spain, Sweden, Switzerland, and the United States
of America (USA). Using demographic decomposition methods, we compare age- and
cause-specific contributions to changes in female and male life expectancy at birth in 2019—
2020, 20202021, and 2021-2022 with those before the COVID-19 pandemic (2015—
2019). We observe large life expectancy losses due to COVID-19 in most countries, usually

followed by partial recoveries. Life expectancy losses due to cardiovascular disease (CVD)

! This chapter is joint work with Luyin Zhang, Sergey Timonin, Aashish Gupta, Jennifer Beam Dowd, David
A. Leon, and Jos¢ Manuel Aburto. A version of this chapter has been published as: Polizzi, A., Zhang, L.,
Timonin, S., Gupta, A., Dowd, J. B., Leon, D. A., & Aburto, J. M. (2025). Indirect effects of the COVID-19
pandemic: A cause-of-death analysis of life expectancy changes in 24 countries, 2015 to 2022. PNAS Nexus,
4(1), pgae508. https://doi.org/10.1093/pnasnexus/pgae508.
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mortality were widespread during the pandemic, including in countries with substantial
(Russia, Central and Eastern Europe, and the Baltic countries) and more modest (USA)
improvements in CVD mortality before the pandemic. Many Anglo-Saxon countries,
including Canada, Scotland, and the USA, continued their pre-pandemic trajectories of
rising drug-related mortality. Most countries saw small changes in suicide mortality during
the pandemic, while alcohol mortality increased and cancer mortality continued to decline.
Patterns for other causes were more variable. By 2022, life expectancy had still not returned
to pre-pandemic levels in several countries. Our results suggest important indirect effects
of the pandemic on non-COVID-19 mortality through the consequences of COVID-19
infection, non-pharmaceutical interventions, and underreporting of COVID-19-related

deaths.

3.2. Introduction

Life expectancy trajectories have become more diverse in recent years. Japan continues to
lead global life expectancy trends with steady linear increases (Vaupel et al., 2021), while
South Korea saw a remarkable 16-year improvement from 1970 to 2005 (Yang et al., 2010).
Most European countries have also experienced steady, and parallel, increases in life
expectancy at birth, with Central and Eastern Europe and the Baltics catching up since the
mid-1990s after periods of stagnation and decline (Aburto & van Raalte, 2018; Leon,
2011). However, since 2010, many high-income countries, including Western European
countries, Australia, and Canada, have seen a slowdown in mortality improvements
(Raleigh, 2019). In England and Wales, life expectancy has stagnated since 2011, due to
high working-age mortality and the lagged effects of smoking behaviors (Leon et al., 2019).
In the United States of America (USA), life expectancy even declined before the COVID-

19 pandemic, due to a slowdown in improvements in cardiovascular mortality and increases
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in alcohol-related deaths, fatal drug overdoses, and suicides—often collectively referred to
as “deaths of despair” (Case & Deaton, 2015; Mehta et al., 2020). Similarly, life expectancy
improvements in many Latin American countries such as Brazil have been slowed down

by high levels of violence (Canudas-Romo & Aburto, 2019).

The COVID-19 pandemic further diversified life expectancy trajectories, with many
countries experiencing substantial losses in life expectancy at birth in 2020, albeit with
large heterogeneity (Aburto et al., 2021; Aburto, Scholey, et al., 2022; Aburto, Tilstra, et
al., 2022; Islam, Jdanov, et al., 2021; Mazzuco & Campostrini, 2022). In 2021, the
pandemic’s impact on life expectancy varied further (Heuveline, 2022), with most of
Western Europe seeing improvements compared to 2020, while Central and Eastern
Europe, the Baltic states, and the USA experienced additional life expectancy declines
(Masters et al., 2022; Scholey et al., 2022). Moreover, the age profile of mortality impacts
in 2021 was often younger, with working-age groups in many countries contributing more
to life expectancy losses than in 2020. Latin American countries, including Brazil and
Chile, saw significant excess mortality in 2020 (Lima et al., 2021), with existing studies
highlighting large variation in life expectancy declines at the sub-national level (Castro et
al., 2021; Garcia-Guerrero & Beltran-Sanchez, 2021; Mena & Aburto, 2022; Zazueta-
Borboa et al., 2024). Notably, East Asian countries and Australia saw almost no drops in
life expectancy in 2020 or 2021 (Adair et al., 2023; Mo et al., 2023). Finally, in 2022 and
2023, many countries experienced (further) recoveries in life expectancy, usually driven
by improvements in mortality at older ages (Huang et al., 2024). Nevertheless, life
expectancy had rarely returned to pre-2020 levels (Huang et al., 2024), illustrating the long-

lasting disruption of life expectancy trends caused by the COVID-19 pandemic. Some
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countries, such as Australia (Adair et al., 2023), even experienced (further) life expectancy

losses in 2022 and/or 2023 (Huang et al., 2024).

Life expectancy is an important measure of the pandemic mortality burden because it is
comparable over time and across countries. However, most studies rely on all-cause
mortality, and few quantify how COVID-19 vs. other causes of death contributed to
observed life expectancy changes during the pandemic years (Aburto, Tilstra, et al., 2022;
Adair et al., 2023; Fernandes et al., 2023; Zazueta-Borboa et al., 2024). Examining the
contributions of other causes of death (e.g., cardiovascular diseases, cancers, suicide) to
life expectancy changes can illuminate the indirect pathways through which the pandemic
affected mortality and population health. A comparison across countries can help highlight
differences in pandemic experiences that might inform future policy and pandemic

preparedness.

For example, the USA recorded more than 350,000 deaths from COVID-19 in 2020
(https://wonder.cdc.gov). Excess mortality in the same year was estimated even higher,
over 500,000, contributing to a large drop in life expectancy at birth of around 25.5 months
(Karlinsky & Kobak, 2021; Scholey et al., 2022; Woolf et al., 2021). While there is
evidence that deaths attributed to COVID-19 may be undercounted or misclassified (Luck
et al., 2023; Paglino et al., 2024), it is likely that the pandemic did affect mortality from
other causes of death, both positively and negatively. For example, lockdowns may have
led to lower mortality from accidents and other external causes of death (Calderon-Anyosa
& Kaufman, 2021), whereas the overload of healthcare systems in many countries could
have led to increased mortality from diseases that require treatments or prompt

interventions (e.g. cancer, heart attacks). Similarly, fear of infection and avoidance of
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hospital care may have increased mortality from certain conditions, including acute
cardiovascular events. This is consistent with the large increase in deaths at home seen in
some countries (O’Donnell et al., 2021). Notably, the impact of these changes in cause-of-
death profiles is likely to be different across countries due to differences in the overall
quality of healthcare systems, socioeconomic resources and inequalities, pre-pandemic
trends in mortality, and the pharmaceutical and non-pharmaceutical interventions

employed during the pandemic.

In this article, we compare changes in female and male life expectancy at birth in 2019—
2020,2020-2021, and 2021-2022 with those before the COVID-19 pandemic (2015-2019)
in 24 countries. Importantly, we go beyond the analysis of all-cause mortality by estimating
the contributions of COVID-19 and 11 non-COVID-19 causes of death to changes in life
expectancy, including mortality from cardiovascular disease, cancer, acute respiratory
disease, chronic obstructive pulmonary disease, infectious diseases, as well as alcohol,
drug, suicide, and accident mortality. Our analysis draws attention to the broad disruptions
in mortality caused by SARS-CoV-2, highlights variation in how different countries
adapted to the initial pandemic shocks, and allows us to hypothesize how this may affect

their life expectancy trajectories in the future.
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3.3. Results

3.3.1. Life expectancy differences and trends

Among the 24 countries included in our study (see Materials and methods), life expectancy
ranged from a low of 65.6 years for Russian males in 2021 to a high of 87.9 years for
Japanese females in 2020 (Tables 3-1 and 3-2). From 2015 to 2019, Russia had the largest
gains in female and male life expectancy, at 1.5 and 2.4 years, respectively. The smallest
gains were observed in the USA, improving only 0.3 and 0.2 years among females and

males, respectively.

In 2020, life expectancy declined in most countries, except for females and males in
Australia, Denmark, Japan, and South Korea. The largest decline was seen for males in the
USA (-2.1 years). In 2021, most countries experienced further declines in life expectancy,
with the largest losses, of more than two years, occurring in Bulgaria (females) and Latvia
(males). Spanish females experienced the largest gains in life expectancy in 2021, at 0.8
years. Although often substantial, life expectancy gains in 2021 rarely compensated for the
losses experienced in 2020, so that life expectancy in 2021 was still lower than observed
before the pandemic, except for females and males in Australia, Denmark, Japan, and South
Korea, as well as females in Sweden and Switzerland. Finally, in 2022, most countries with
available cause-of-death information experienced gains in life expectancy, except for
females and males in Australia and Canada, as well as females in Sweden, where life
expectancy declined (further). 2022 gains in life expectancy were greatest among males in
Hungary, at 1.9 years, while losses were greatest among females and males in Australia, as
well as females in Canada, at -0.7 years. By 2022, only Sweden had returned to pre-

pandemic life expectancy levels.
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Overall, the life expectancy trends based on our dataset agree well with the trends published
in the United Nations World Population Prospects (UNWPP) 2024 revision (United
Nations, Department of Economic and Social Affairs, Population Division, 2024). The last
four columns in Tables 3-1 and 3-2 highlight differences in time trends between our dataset
and the UNWPP where they occur (see also Figure S4 in the Supplementary Information?).
One asterisk indicates an increase in life expectancy according to our dataset, while
UNWPP reports a decrease in life expectancy. Conversely, two asterisks indicate a
decrease in life expectancy according to our dataset, while UNWPP reports an increase in
life expectancy. For example, in Denmark, life expectancy in 2021 increased by 0.6 years
(females) and 0.7 years (males) according to our estimates, whereas UNWPP reports a life

expectancy decline for that year.

2 Due to space constraints in this dissertation, all Supplementary Information to this chapter can be found
online in the published version of this chapter, at: https://doi.org/10.1093/pnasnexus/pgae508.
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Table 3-1. Female life expectancy at birth and changes in female life expectancy at birth
by country, 2015-2022.

Sex Country Life expectancy at birth Changes in life expectancy

2015- 2019- 2020- 2021-

20152019 2020 2021 2022 2019 2020 2021 2022

Female Australia 84.5 85.1 85.8 85.5 84.8 +0.6 +0.7 -03 -0.7
Austria 83.5 84.1 83.7 83.8 — +0.6 -0.4** +0.1 —
Brazil 783 789 779 760 - +0.6 -1.0 -2.0 —
Bulgaria 78.0 78.6 77.3 750 - +0.6 -13 -24 —
Canada 84.4 84.8 84.2 84.4 83.8 +04 -0.6 +0.3 -0.7
Chile 83.0 83.9 83.0 82.1 - +0.9 -09 -0.8 -
Croatia 80.6 81.5 80.8 799 - +1.0 -0.7 -09 -
Czechia 81.4 82.0 81.2 804 - +0.6 -0.8 -0.8 —
Denmark 82.7 83.4 83.5 840 - +0.7 +0.1 +0.6* -
England and Wales 82.9 83.7 82.5 82.9 833 +0.8 -1.1 +04 +04
Hungary 78.8 79.6 789 77.7 793 +0.8 -0.6 -1.3 +1.6
Japan 87.1 87.6 879 87.7 - +0.5 +03 -0.2 —
Latvia 79.4 80.1 80.0 78.1 - +0.6 -0.1 -1.9 —
Lithuania 79.5 80.9 799 78.7 799 +14 -1.0 -12 +1.2
Netherlands 83.1 83.5 83.0 83.0 83.1 +0.5 -0.5 -0.1 +0.1
Northern Ireland  82.2 82.8 819 82.0 - +0.6 -0.8 +0.1 —
Poland 81.2 81.5 804 794 - +03 -1.1 -1.0 —
Russia 76.6 78.0 76.2 744 - +1.5 -1.8 -19 —
Scotland 81.0 81.2 80.6 80.5 - +03 -0.6 -0.2 —
South Korea 85.6 87.0 87.2 872 - +14 +02 +0.0 -
Spain 85.2 86.0 849 857 - +0.8 -1.1 +0.8 -
Sweden 83.9 84.6 84.1 84.7 84.6 +0.7 -04 +0.6 -0.1
Switzerland 84.8 85.5 85.0 85.6 +0.7 -05 +0.6 -

USA 80.9 81.3 79.7 79.3 80.2 +0.3 -1.5 -04 +09

* Life expectancy increase in authors’ dataset, but decrease in UNWPP.
** Life expectancy decrease in authors’ dataset, but increase in UNWPP.
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Table 3-2. Male life expectancy at birth and changes in male life expectancy at birth by
country, 2015-2022.

Sex Country Life expectancy at birth Changes in life expectancy
2015- 2019- 2020- 2021-

20152019 2020 2021 2022 2019 2020 2021 2022
Male Australia 80.5 80.9 81.7 81.6 80.8 +0.4 +0.8 -0.1** -0.7
Austria 78.6 79.5 789 788 — +0.9 -0.6 -0.1 —
Brazil 71.7 72.8 71.2 694 - +1.0 -1.6 -1.8 —
Bulgaria 71.1 71.5 69.8 679 - +03 -1.6 -1.9 —
Canada 80.2 80.5 79.6 79.6 79.2 +0.3 -0.9 -0.1** -0.3
Chile 782 79.5 780 77.1 - +12 -1.5 -0.8 —
Croatia 74.1 75.0 743 734 - +09 -0.7 -09 —
Czechia 75.5 76.2 75.1 74.0 - +0.7 -1.1 -1.1 -
Denmark 78.8 79.5 79.6 80.3 - +0.7 +0.1 +0.7* —
England and Wales 79.4 80.0 78.6 789 79.5 +0.7 -14 +03 +0.6
Hungary 72.1 73.0 72.2 70.7 72.6 +0.8 -0.7 -1.5 +1.9
Japan 81.0 81.7 81.9 818 — +0.7 +0.2 -0.1 —
Latvia 69.9 71.1 70.8 68.5 - +1.2 -0.3 -2.3 —
Lithuania 69.1 71.4 69.9 69.3 709 +23 -1.5 -0.6 +1.6
Netherlands 79.7 80.4 79.6 79.6 80.0 +0.7 -0.8 +0.0 +04
Northern Ireland  78.1 79.0 78.1 78.1 - +0.8 -0.9 +0.0 -
Poland 733 739 723 715 - +0.6 -1.5 -0.8 —
Russia 65.9 68.3 66.6 656 - +24 -1.7 -0.9 —
Scotland 769 772 76.1 763 - +03 -1.1 +02 —
South Korea 79.1 80.5 80.7 80.7 — +1.4 +0.2* +0.0 —
Spain 79.7 80.6 794 80.1 - +09 -12 +0.7 —
Sweden 80.2 81.2 80.4 81.1 81.2 +09 -0.8 +0.7 +0.1
Switzerland 80.6 81.9 809 81.6 — +1.2 -09 +0.7 -
USA 76.5 76.7 74.6 74.0 752 +0.2 -2.1 -0.7 +1.3

* Life expectancy increase in authors’ dataset, but decrease in UNWPP.
** Life expectancy decrease in authors’ dataset, but increase in UNWPP.
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3.3.2. Cause-of-death contributions.

Figure 3-1 shows cause-of-death-specific contributions to changes in female life
expectancy in months over the periods 2015-2019, 2019-2020, 2020-2021, and 2021-
2022 for each of the 24 countries. For the period 2015-2019, Figure 3-1 shows average
annual contributions over the four-year observation window. Contributions for each
country—period—cause combination are represented by square tiles, with darker tiles
indicating larger negative or positive contributions and lighter tiles representing smaller
negative or positive contributions. Negative values indicate that a given cause of death
contributed to losses in life expectancy over a given period, whereas positive values
indicate life expectancy gains. Gray tiles for a given period indicate a lack of available
cause-of-death information. The countries in Figure 3-1 are ordered according to the
contribution from deaths coded as COVID-19 to life expectancy changes over the period
2019-2020, the first year of the pandemic. The black dots in Figure 3-1 serve as visual
guide. The Materials and methods section describes our coding and decomposition
procedures in more detail. Additionally, Figure S7 breaks down the cause-specific

contributions by ten-year age groups (0-9, 10-19, ..., 70-79, 80+).
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Contributions to changes in female life expectancy
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Figure 3-1. Cause-of-death-specific contributions to changes in female life expectancy at
birth by country and period. Note: Contributions in months. Tiles for period 2015-2019
show average annual contributions. Cause-of-death data for period 2021-2022 only
available for: Australia, Canada, England and Wales, Hungary, Lithuania, the Netherlands,
Sweden, and the USA.

The first two panels in Figure 3-1 respectively show the contributions from COVID-19 and
all non-COVID-19 mortality to changes in female life expectancy, on a scale ranging from
negative contributions (red) over no contributions (white) to positive contributions (blue).
In2019-2020, COVID-19 contributed to sizeable losses in female life expectancy in almost
all countries (leftmost panel in Figure 3-1). The largest losses from COVID-19 were seen
in Spain (-14.4 months), Brazil (-17.8), and Chile (-18.7), while Australia (-0.5 months),
South Korea (-0.4), and Japan (-0.2) experienced the smallest losses. In 2020-2021,

COVID-19 contributed to additional losses in female life expectancy, particularly in Brazil,
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Russia, and among Central and Eastern European and Baltic countries. Although COVID-
19 mortality was mostly concentrated in older age groups, many of the latter countries also
had substantial negative contributions at middle adult ages (see Figure S7). Finally, most
of the countries with available cause-of-death data in 2021-2022 experienced
improvements in COVID-19 mortality, except for Australia and Canada, where COVID-

19 mortality worsened (further).

Moving to mortality from all non-COVID-19 causes (second panel in Figure 3-1), all
countries experienced gains in female life expectancy over the period 2015-2019. These
contributions ranged from an average of 0.8 months per year in Scotland to 4.4 months per
year in Russia. In contrast, we observed large heterogeneity in life expectancy contributions
for the periods 2019-2020, 20202021, and 2021-2022, with sizeable life expectancy
losses due to non-COVID-19 mortality in Russia (-11.2 months), Lithuania (-6.3 months),
the USA (-5.9 months), and all Central and Eastern European countries (-0.6 months in
Croatia to -6.1 months in Bulgaria) in 2020. In 2021, losses in female life expectancy due
to non-COVID-19 mortality were geographically more dispersed. Many of these losses

persisted even in 2022, with only Hungary and the USA experiencing recovery.

The remaining panels in Figure 3-1 break the contributions from non-COVID-19 mortality
down into more detailed causes of death. We differentiate between mortality from (1)
cardiovascular diseases (CVD), (2) cancer, (3) acute respiratory diseases, (4) chronic
obstructive pulmonary disease (COPD), (5) certain infectious diseases, and (6) substance
and external mortality, with all remaining causes of death grouped into a residual category.
Contributions from these seven causes of death are shown on a scale ranging from negative

contributions (pink) over no contributions (white) to positive contributions (green). Figure
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S5 further disaggregates the category “CVD” into “Acute CVD” and “Other CVD,” and
further disaggregates the category “Substance/external” into “Alcohol,” “Drug,” “Suicide,”

and “Other external.”

Improvements in CVD mortality constituted one of the largest sources of gains in female
life expectancy over the period 2015-2019. On average, CVD mortality contributed to life
expectancy gains of 0.5 (USA) to 3.0 (Lithuania) months per year. Improvements were
seen in mortality from both acute and non-acute CVD (see Figure S5) and were
concentrated above age 60 (see Figure S7). In the first two years of the pandemic, earlier
improvements in CVD mortality were reversed in several countries, with the largest losses
seen in Russia in 2019-2020 (-5.3 months) and Bulgaria in 2020-2021 (-5.5 months).
These losses were disproportionately driven by rising mortality from non-acute CVD. In
Russia as well as many Central and Eastern European and Baltic countries, the age profile
of CVD- and COVID-19-related life expectancy losses strongly overlapped. Among many
countries with available cause-of-death data, life expectancy losses from CVD mortality

persisted even in 2021-2022, such as in England and Wales (-0.5 months).

Next, reductions in cancer mortality contributed substantially to gains in female life
expectancy in most countries, including during pandemic years. The bulk of these
improvements in cancer mortality happened above age 50 (see Figure S7). During the
pandemic years, individual countries experienced increases in cancer mortality, most
notably Lithuania in 2021-2022, where rising cancer mortality led to life expectancy losses

of 1.6 months among females.
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The following three panels show contributions from acute respiratory diseases, COPD, and
infectious diseases to female life expectancy changes. These contributions were generally
small and mixed. Particularly noteworthy were the large gains from acute respiratory
diseases in Chile (3.2 months) in 2019-2020 as well as the large losses in Russia in 2019—
2020 and 2020-2021 (-2.6 and -1.1 months, respectively). In Bulgaria and Russia, the
negative contributions from COVID-19 and acute respiratory mortality had similar age

profiles (see Figure S7).

Contributions from substance and external mortality to female life expectancy changes
were generally small. In 2019-2020, negative contributions were particularly pronounced
for the USA (-2.1 months) and Lithuania (-1.4 months). While increasing drug-related
mortality in middle adulthood was mostly responsible for the negative contributions in the
USA, alcohol mortality was driving the patterns in Lithuania (Figure S5). In 2020-2021,
negative contributions from substance and external mortality also stood out in Latvia (-3.7
months), which were driven by alcohol and accident mortality. While generally small,
alcohol-related losses in female life expectancy were visible across a broad range of
countries during the pandemic, whereas drug-related losses were mostly visible in Canada,
Northern Ireland, Scotland, and the USA. Suicide mortality declined in many countries
during the pandemic years, with comparatively large increases in Japan (-0.7 months) and

Northern Ireland (-0.7 months) in 2019-2020.

Finally, while more difficult to interpret, we note that a large number of countries

experienced losses in female life expectancy due to mortality increases in the residual

category (up to -5.7 months in Canada in 2021-2022). Nonetheless, some relatively large
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improvements were also visible, such as for England and Wales in 2020-2021 (4.0

months).

Figure 3-2 shows the decomposition results for changes in male life expectancy. To
facilitate comparison, the decomposition results for females and males are shown on the
same scale. Like for females, the countries on the vertical axis are ordered according to the
contributions from COVID-19 mortality in 2019-2020. Although the order of countries in
Figures 3-1 and 3-2 is different, the countries with the smallest (Australia, Japan, South
Korea) and largest (Brazil, Chile, Spain) contributions from deaths coded as COVID-19 in
2019-2020 were the same for females and males. In 2020-2021, a few countries (Denmark,
England and Wales, Scotland, Spain, Sweden, and Switzerland) experienced gains in male
life expectancy due to reductions in COVID-19 mortality, while most countries
experienced further losses. Brazil, Russia, the Baltics, and several Central and Eastern
European countries experienced the largest COVID-19-related declines during this period.
In contrast, in 2021-2022, we observed life expectancy gains due to COVID-19 in most

countries with available cause-of-death data, except for Australia and Canada.
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Contributions to changes in male life expectancy
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Figure 3-2. Cause-of-death-specific contributions to changes in male life expectancy at
birth by country and period. Note: Contributions in months. Tiles for period 2015-2019
show average annual contributions. Cause-of-death data for period 2021-2022 only
available for: Australia, Canada, England and Wales, Hungary, Lithuania, the Netherlands,
Sweden, and the USA.

In 2019-2020, Russia, Lithuania, and many Central and Eastern European and Anglo-
Saxon countries (Canada, Northern Ireland, Scotland, and the USA) saw male life
expectancy losses due to rising non-COVID-19 mortality. Similar losses were seen on a
geographically wider scale in 2020-2021 and continued in 2021-2022, except for Hungary,
Lithuania, and the USA. CVD mortality, particularly non-acute CVD, appeared to be the

main driver of changes in non-COVID-19 mortality during the pandemic years (see Figure

36).
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Before and during the pandemic, we observed widespread positive contributions to changes
in male life expectancy from reductions in cancer mortality, with few exceptions.
Contributions from acute respiratory diseases, COPD, and infectious diseases were small
and mixed, with some exceptionally large positive or negative contributions from acute

respiratory diseases in Bulgaria, Chile, and Russia during the pandemic.

Contributions from substance and external mortality were generally larger among males
vs. females. Before the pandemic, life expectancy losses due to substances and external
causes were particularly visible for Canada, Scotland, and the USA. These negative
contributions were predominantly driven by rising drug-related mortality, which continued
to worsen during the pandemic, except for Scotland in 2020-2021 and Canada and the USA
in 2021-2022 (see Figure S6). In the USA, mortality from other external causes, including
accidents, also worsened noticeably during the pandemic. Several other countries
experienced losses in male life expectancy due to rising substance and external mortality
during the pandemic years. Our more detailed decomposition results in Figure S6 suggest
that these negative contributions were to a large extent driven by alcohol and/or drug
mortality, which increased in many countries during the pandemic, most notably in Latvia
in 2020-2021. Like for females, suicide and accident mortality often declined during the
pandemic years, with many of the positive contributions appearing larger for males,

especially for accident mortality.

Finally, similar to the decomposition results for females, we observed widespread losses in

male life expectancy due to rising mortality in the residual category, with some exceptions,

such as England and Wales in 2020-2021.
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3.4. Discussion

The first waves of the COVID-19 pandemic in 2020 induced sizable life expectancy losses
in many countries around the world, with very few exceptions (Aburto, Scholey, et al.,
2022; Heuveline, 2022; Mazzuco & Campostrini, 2022; Scholey et al., 2022). In many
countries, life expectancy continued to deteriorate in 2021 and had still not returned to pre-
pandemic levels by 2022 (Huang et al., 2024). In this study, we comprehensively analyzed
life expectancy changes due to 12 major causes of death in 24 countries during the period
2015-2021, and in eight countries through 2022. Comparing changes before the COVID-
19 pandemic with those in 2020-2022 puts into perspective the magnitude and diversity of
the sharp mortality changes observed since the first SARS-CoV-2 outbreaks. While most
countries in our study experienced life expectancy declines at some point during the
pandemic, life expectancy trajectories showed considerable variability after 2019. In
particular, our results highlight how different causes of death were driving life expectancy

trends over this period.

We find that prior to the pandemic, declines in cardiovascular and cancer mortality were
the main drivers of increases in life expectancy. Russia as well as many Central and Eastern
European and Baltic countries experienced particularly large gains due to improvements in
CVD mortality, consistent with their late onset of the cardiovascular mortality transition
(Aburto & van Raalte, 2018; Grigoriev et al., 2014). These improvements were
concentrated at middle and older ages. In contrast, changes in CVD mortality were smaller
in Canada, England and Wales, Northern Ireland, Scotland, and the USA. Stagnation in
CVD mortality improvements in these countries has been linked to changes in behavioral
risk factors, such as rising levels of obesity and alcohol consumption (Acosta et al., 2022).

Limited gains from further reductions in smoking-related mortality have also been

Page 116



discussed as a potential cause for stagnating CVD mortality in Anglo-Saxon countries

(Lopez & Adair, 2019).

Our results also show that drug-related mortality contributed to life expectancy losses in
most English-speaking countries prior to the pandemic. This is consistent with previous
evidence showing worsening mortality due to fatal drug overdoses in these countries,
especially among males (Angus et al., 2023). While synthetic opioids have played a
dominant role for drug mortality trends in Canada and the USA, the United Kingdom
countries have also seen a fast rise in mortality involving benzodiazepines and cocaine

(Office for National Statistics, 2023).

Consistent with previous studies, we find that most countries suffered substantial drops in
life expectancy due to COVID-19 mortality in 2019-2020. These losses were sizable in
England and Wales, Spain, and the USA. However, life expectancy losses skewed much
younger in the USA, potentially due to more risk factors for severe COVID-19 at younger
ages or social factors that increased exposure for working-age populations (Aburto, Tilstra,
et al., 2022; Pongiglione et al., 2022). Brazil and Chile also saw large life expectancy
declines from COVID-19 in 2019-2020. Previous studies have documented considerable
subnational variation in COVID-19 mortality in these two countries (Castro et al., 2021;
Mena & Aburto, 2022). In addition, other Latin American countries have experienced
similar or larger COVID-19-related losses in life expectancy (Garcia-Guerrero & Beltran-
Sanchez, 2021). In line with previous studies, we find that COVID-19-related life
expectancy losses in 2019-2020 were smallest in Australia, Japan, and South Korea (Adair

etal., 2023; Mo et al., 2023).
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In 2021, many Central and Eastern European and Baltic countries saw larger losses due to
COVID-19 than in the first year of the pandemic. Like the USA, these countries generally
exhibited a younger mortality profile of COVID-19 deaths than many Western European
countries (Scholey et al., 2022). Finally, among the eight countries with available cause-
of-death information for 2021-2022, females and males in Australia and Canada
experienced (further) losses in life expectancy due to rising COVID-19 mortality. Evidence
from Australia suggests that COVID-19-related life expectancy losses in 2022 may be due
to the comparatively late relaxation of non-pharmaceutical interventions and restrictions,

despite high vaccination coverage (Adair et al., 2023).

Our cause-of-death-specific decomposition results support the hypothesis that the
pandemic affected a wide range of causes of death unrelated to SARS-CoV-2. This may
have occurred through the indirect impacts of non-pharmaceutical interventions, such as
lockdowns, the increased strain on health care systems, pre-existing social inequalities, as
well as the misclassification of COVID-19 deaths. In particular, in 15 out of 24 countries
(females) and 16 out of 24 countries (males), rising non-COVID-19 mortality contributed
to life expectancy losses in 2020 and/or 2021, albeit with large variation in magnitude. In
2022, (further) life expectancy losses from non-COVID-19 mortality were seen in six

(female) and five (male) out of eight countries with available cause-of-death data.

Rising CVD mortality was a major driver of increasing non-COVID-19 mortality during
the pandemic, especially in 2019-2020 and 2020-2021. In 2020 and 2021 combined, we
observed the greatest life expectancy losses from CVD among both females and males in
Bulgaria, around ten months. Only females in Canada and Switzerland, males in the

Netherlands, and females and males in Austria, Denmark, South Korea, and Sweden did
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not experience losses from CVD in 2020 and 2021. However, females in Canada and
Sweden did experience subsequent losses in 2022. Miscoding of COVID-19 deaths as CVD
may account for a large proportion of the changes observed (Luck et al., 2023; Paglino et
al., 2024). In addition, evidence from multiple countries shows a substantial decrease in
admission rates for acute cardiovascular disease during the pandemic, which may have led
to an increase in untreated strokes and heart attacks (Ball et al., 2020; Hoyer et al., 2020;
Kiss et al., 2021), explaining some of the observed life expectancy losses, including from
non-acute CVD. More research to aid our understanding of the impacts of the pandemic on
cardiovascular mortality in the medium and long term is needed. Recent evidence suggests
that survivors of COVID-19 are at a higher risk of incident cardiovascular disease (Xie et

al., 2022), which may be reflected in higher CVD mortality in future years.

In contrast to the negative pandemic trends in CVD mortality, cancer mortality usually
continued to contribute to life expectancy gains, more so among males. Cumulatively in
2020 and 2021, only females in Croatia saw stagnating improvements in cancer mortality.
The generally positive contributions for cancer mortality during the pandemic may be
suggestive of limited disruptions to cancer care. Alternatively, our observed patterns may
be the result of mortality displacement (Islam, Shkolnikov, et al., 2021), with cancer
patients dying of COVID-19, thereby lowering cancer-related mortality. In fact,
improvements in cancer mortality in most countries during the pandemic years exceeded
average annual improvements seen in the pre-pandemic period. Still, it is possible that the
positive contributions for cancer mortality documented in our study were smaller than
would have been seen in the absence of the pandemic, which would be suggestive of
disruptions in cancer care. Related to this point, we observed worsening cancer mortality

in several countries during the pandemic period, possibly due to delayed diagnoses or
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treatment (American Association for Cancer Research, 2022). We suggest that changes in
cancer mortality after 2019 be further explored using counterfactual estimation approaches,
such as cause-of-death-specific estimation of excess mortality (Degtiareva et al., 2024), to
determine whether cancer mortality was higher or lower than expected in the absence of
the COVID-19 pandemic. In addition, use of individual-level diagnostic and treatment data
and a closer examination of specific slow- or fast-growing cancer types will be helpful to
determine the degree to which cancer care was disrupted. It may also be possible that
pandemic disruptions in cancer care will only be visible in the near or more distant future,
underlining the importance of prospective data to monitor changes in cancer incidence and

mortality in the coming years.

We find that COPD and acute respiratory mortality often improved during the pandemic,
particularly at older ages. On the one hand, this might suggest that older age groups were
particularly protected from COVID-19 and lived longer than they would have in the
absence of non-pharmaceutical interventions. On the other hand, this pattern might also be
suggestive of potential mortality displacement. Many older individuals that would have
died from respiratory conditions may have died earlier than in the absence of the pandemic.
Further research using more fine-grained mortality data is required to disentangle these two

pathways.

Alcohol- and drug-related deaths, suicides, and accidents contributed substantially to life
expectancy losses in several countries. Females and males in Latvia and the USA, as well
as males in Canada, experienced losses of more than three months in 2020 and 2021
combined. Substance- and accident-related mortality accounted for most of these losses.

Latvia has historically had high levels of alcohol- and accident-related mortality, often
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contributing to stagnating or declining life expectancy (Aburto & van Raalte, 2018).
Improvements in recent decades have led to rapid increases in life expectancy prior to 2020,
which were, however, reversed during the pandemic. As discussed above, Canada,
Scotland, and the USA have had high and rising levels of drug-related mortality before the
pandemic. However, these countries experienced small improvements in mortality from
lethal drug overdoses in some pandemic years, consistent with recent evidence of a
levelling off of drug mortality (Angus et al., 2023; Spencer et al., 2024). So far, the reasons
for these trend changes in lethal drug overdoses remain underexplored and may likely

reflect country- and substance-specific factors (Angus et al., 2023).

The widespread rise in alcohol-related mortality shown in our study should be of concern,
as longer-term impacts of high alcohol consumption may be anticipated in addition to the
observed pandemic increases in alcohol deaths. Despite early concerns, we find no
evidence that suicide mortality strongly and systematically increased during the pandemic,
with many countries even showing improvements. However, females in Japan and
Northern Ireland saw comparatively large losses from suicide mortality in 2019-2020. In
Northern Ireland, suicide mortality appears to have followed the upward trajectory already
seen before 2020 (NISRA Vital Statistics, 2023), while in Japan, suicide mortality declined
at the beginning of the pandemic only to increase in later waves (Koda et al., 2022; Tanaka
& Okamoto, 2021). Pandemic changes in accident mortality were more mixed, with many
countries seeing small life expectancy gains from fewer accidents, especially among males.
This is likely explained by lockdown measures and work-from-home schemes, including

their effects on car traffic (Calderon-Anyosa & Kaufman, 2021).
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Finally, the residual category accounted for a large share of changes due to non-COVID-
19 mortality, and most of its contributions were negative. Although we classified deaths
according to broad cause-of-death categories that feature prominently in the current
discourse on pandemic mortality dynamics, our findings underline that the pandemic has
noticeably affected other causes of death that are less regularly studied. For example, a
recent study from Australia showed rising mortality due to Parkinson’s disease, disorders
of gallbladder, biliary tract and pancreas, diseases of the musculoskeletal system and
connective tissue, and other disorders of the urinary system in 2021 (Adair et al., 2023).
The Australian case suggests that the indirect effects of the COVID-19 outbreak may have
created unmet needs across a wide range of causes of death. The recent rise in the
complexity of cause-of-death profiles in high-income countries means that it may become
increasingly difficult to predict which causes of death will be most influential for life
expectancy changes (Bergeron-Boucher et al., 2020). Future studies and policies should

increase efforts to account for this growing diversity of causes of death.

Our study has several limitations. First, our analysis is restricted to 24 countries.
Understanding the experience of more countries, including low- and middle-income
countries, in this comparative perspective would be valuable. Second, while our estimated
life expectancy trends tend to agree well with those of more established sources such as the
UNWPP, there are a few cases where the directions of life expectancy changes differ. One
example is Denmark, where life expectancy increased in 2020-2021 according to our
estimates, but decreased according to UNWPP estimates. Further examination of the
mortality age schedules from both sources suggests that this deviation may be due to an
underestimation of young adult mortality in our dataset. We note that we have used the

most recent available data on population and deaths by cause to estimate mortality
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dynamics during the COVID-19 pandemic as accurately as possible, and we have
highlighted deviations between data sources where they occurred. Finally, the process of
cause-of-death coding varies across countries, and pandemic-associated impacts, such as
misclassification between underlying and contributory causes of deaths, delays in
registration, and the location of deaths (at home vs. hospital or nursing home), could affect
estimates (Stokes et al., 2021). Importantly, differences in testing capacities and
willingness to assign COVID-19 as an underlying cause of death mean that an increase in
CVD and respiratory mortality in some countries may reflect undercounted COVID-19
deaths (Luck et al., 2023; Paglino et al., 2024). For example, we observed a strong overlap
in the age patterns of COVID-19, CVD, and acute respiratory mortality in Bulgaria and
Russia, pointing towards potential large under-detection of COVID-19 deaths in vital
statistics, particularly during the first year of the pandemic (Dyer, 2020; Timonin et al.,
2022). Detailed analysis of the temporal and geographic patterns of non-COVID-19 excess
mortality in the USA suggests that a high proportion were likely undercounted COVID-19
deaths (Paglino et al., 2024). Moreover, it is estimated that causes of death other than
COVID-19 represented 19.6% of the total mortality burden associated with COVID-19
during the first year of the pandemic in the USA, with circulatory diseases making up the
highest percentage of these (Luck et al., 2023). While difficult to test directly, we suspect
that undercounting also accounts for much of the increased CVD mortality in Central and
Eastern European and Baltic countries as well as Russia, which had even higher ratios of
excess deaths to official COVID-19 deaths than the USA (Karlinsky & Kobak, 2021; Wang
et al., 2022). Furthermore, the fact that these countries saw large gains in life expectancy
due to CVD before the pandemic as well as noticeable CVD-related losses during the
pandemic may be related to the poorer public health and medical infrastructure in these

countries, which may have contributed to both a later ‘cardiovascular revolution’ and
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COVID-19 underreporting. Our findings highlight the need for high-quality data on causes
of death, which are often lacking in many countries, and the need to develop methods to
mitigate existing data limitations, such as miscoding of causes of death and a lack of data

on multiple causes of death.

To summarize, we find that the indirect effects of the COVID-19 pandemic on mortality
varied across countries, even those with a comparable burden of COVID-19 mortality. This
variation may suggest that some explanations for changes in non-COVID-19 mortality,
such as mortality displacement, do not provide a comprehensive explanation for the cross-
country variation observed in our study. Rather, our results highlight variability in the
impact of the pandemic on overall population health through the (non-)implementation of
pharmaceutical and non-pharmaceutical interventions, as well as pre-existing
vulnerabilities in the population. The variable impact of the COVID-19 pandemic across
countries has therefore contributed to a further diversification of life expectancy
trajectories, a trend already observed prior to the outbreak of SARS-CoV-2. Importantly,
the continued life expectancy losses due to rising non-COVID-19 mortality, even in 2022,
represent a major puzzle and an important point of intervention for public health efforts

and research in the post-pandemic period.

3.5. Materials and methods

We used data for the 2015-2022 period for 24 countries: Australia, Austria, Brazil,
Bulgaria, Canada, Chile, Croatia, Czechia, Denmark, England and Wales (treated as one
country), Hungary, Japan, Latvia, Lithuania, the Netherlands, Northern Ireland, Poland,

Russia, Scotland, South Korea, Spain, Sweden, Switzerland, and the United States of
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America (USA). We describe our country selection in more detail in the Supplementary

Information.

Annual death counts by sex, age group (0, 1-4, 5-9, 10-14, ..., 85+/90+/95+/100+), and
cause of death were taken from: (1) for England and Wales in 2021 and 2022, the United
Kingdom Office for National Statistics (ONS), (2) for Russia, the depersonalized death
records provided by the Russian Federal State Statistics Service, (3) for the USA in 2022,
the Underlying Cause of Death Database compiled by the Centers for Disease Control and
Prevention, (4) for all remaining country—year combinations, the World Health
Organization Mortality Database. Cause-of-death information was available for all 24
countries for the period 2015-2021, and available for eight countries for the year 2022:
Australia, Canada, England and Wales, Hungary, Lithuania, the Netherlands, Sweden, and
the USA. Recognizing the variation in death certification practices between countries, we
categorized deaths by assigning ICD-10 codes to create 12 cause-of-death groups of public
health and clinical relevance, in line with previous analyses (see Table S1): (1) Acute
cardiovascular diseases (CVD) (acute ischemic heart disease and strokes), (2) other CVD,
(3) acute respiratory diseases, (4) chronic obstructive pulmonary disease (COPD), (5)
certain infectious diseases, (6) suicide, (7) drug-related deaths, (8) alcohol-related deaths,
(9) cancers, (10) other external causes of death, (11) COVID-19, and (12) remaining causes
of death. For each country, annual cause-of-death counts were harmonized into consistent
age groups. We used 85+ as open-ended age group for Canada and England and Wales;
90+ as open-ended age group for Northern Ireland and Scotland; 100+ as open-ended age

group for Russia; and 95+ as open-ended age group for all remaining countries.
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We used annual sex- and age-group-specific population exposures for the period 2015—
2022 provided in the United Nations World Population Prospects (UNWPP) 2024 revision.
Population exposures in UNWPP are provided by single years of age (0, 1, ..., 99, 100+).
We aggregated the population exposures for each country to match the age groups used in
the cause-of-death data. Since UNWPP does not provide separate data for England and
Wales, Northern Ireland, and Scotland, we used population exposures for these three
countries as provided by ONS. For Russia, we used population exposures from the Russian

Fertility and Mortality Database.

We estimated annual sex-, age-group-, and cause-specific mortality rates by dividing the
available cause-specific death counts by the corresponding population exposures for each
country. Life expectancy at birth for each available country—sex—calendar-year
combination was derived from piecewise-exponential life tables constructed from these
cause-specific mortality rates following standard procedures (Preston et al., 2001). In the
Supplementary Information (Figures S1-S4), we compare all-cause mortality rates and life
expectancies at birth based on our dataset with external sources and find generally high

agreement.

To disentangle changes in life expectancy over time into age-group- and cause-specific
contributions, we applied the linear integral decomposition method (Horiuchi et al., 2008).
Decomposition was performed for adjacent years (i.e., 2015-2016, 20162017, ..., 2019—
2020, 2020-2021, and, where available, 2021-2022). We compare contributions over
2019-2020, 20202021, and, where available, 2021-2022 with average annual
contributions before the pandemic (2015-2019). In the main manuscript, we focus on total

cause-of-death-specific contributions across all ages. For this purpose, we combine the
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categories “acute CVD” and “other CVD” into “CVD,” and combine the categories

99 ¢

“alcohol,” “drug,” “suicide,” and “other external” into “substance and external.” We
present the full decomposition results in the Supplementary Information (Figures S5-S6).

Moreover, we further explore variations in cause-of-death contributions by ten-year age

groups (0-9, 10-19, ..., 70-79, 80+) in the Supplementary Information (Figures S7-S8).
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Addendum to Chapter 3

Life expectancy stagnation and
divergence in the USA and the UK
before and during the COVID-19
pandemic

Chapter word count: 3,031

3-add.1. Life expectancy stagnation during the COVID-19 pandemic

Before this dissertation, it was not known how different causes of death contributed to life
expectancy changes during the COVID-19 pandemic, and how these contributions differed
across countries. The analysis in Chapter 3 therefore established the fact base from which
I am able to further investigate questions about life expectancy stagnation and life
expectancy divergence during the COVID-19 pandemic. In this Addendum to Chapter 3, |
look more closely at the causes of death that led to (a) life expectancy stagnation in the
USA and the UK during the COVID-19 pandemic, compared to the pre-pandemic period;
and (b) life expectancy divergence of the USA and the UK from better-performing

countries before and during the COVID-19 pandemic.

To clarify, despite following a comparative within-country approach, Chapter 3 itself
neither took a stagnation nor a divergence perspective. Rather, it described changes in life
expectancy before (2015-2019) and during (2019-2022) the COVID-19 pandemic and

used decomposition methods to disaggregate these changes into cause-of-death-specific
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contributions. The stagnation perspective, however, is usually based in counterfactual
analysis, comparing the actual mortality trajectory in a population to the trajectory that
would have been observed if mortality dynamics at an earlier period had persisted (e.g.,
Ramsay et al., 2020). For example, according to Table 3-1, female life expectancy at birth
in England and Wales improved by 0.8 years over the period 2015-2019, for an average of
0.2 years per annum. For the period of the COVID-19 pandemic, we can now formulate a
counterfactual scenario, in which female life expectancy at birth in England and Wales had
continued to increase by 0.2 years per annum through 2022, for a total of 0.6 years over
2019-2022. In this counterfactual scenario, female life expectancy at birth in England and
Wales would have been 84.3 years in 2022—an increase by 0.6 years from the 2019 value
of 83.7 years. Instead, life expectancy in 2022 was 83.3 years. Thus, while the COVID-19
pandemic resulted in a loss of life expectancy of 0.4 years—from 83.7 years in 2019 to
83.3 years in 2022—we could argue that it set back the country’s life expectancy by one
whole year, from 84.3 years—if the 2015-2019 gains had continued through 2022—to the
83.3 years observed in 2022. Averaged across the three years of the pandemic, this
corresponds to a total stagnation of around -4 months per annum. This example, based on
all-cause mortality, illustrates the difference between the descriptive decomposition

approach taken in Chapter 3 and a counterfactual stagnation perspective.

Figure 3-add-1 extends the all-cause mortality example above by a cause-of-death
perspective. For both England and Wales (left column) and the USA (right column), it
shows the average annual contributions to female (top row) and male (bottom row) life
expectancy changes during 2015-2019 (circles) and 2019-2022 (triangles) for each cause
of death in months (see Figure 3-add-S1 in the Supplementary Information for total cause-

specific contributions to changes in life expectancy across 2015-2019 and 2019-2022).
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Figure 3-add-1. Contribution of seven causes of death to life expectancy stagnation in
England and Wales and the USA in 2019-2022. Note: bars represent difference between
triangles (average annual contribution to life expectancy change in 2019-2022) and circles
(average annual contribution to life expectancy change in 2015-2019) in months. Negative
bars = cause of death contributed to life expectancy stagnation. Positive bars = cause of
death offset life expectancy stagnation. Sum of bars equals total annual life expectancy
stagnation in 2019-2022. Source: see Chapter 3.

The circles in Figure 3-add-1 correspond to the tiles for 2015-2019 in Figures 3-1 and 3-2
in Chapter 3, while the triangles correspond to the average of the tiles for 2019-2020,
2020-2021, and 2021-2022. For the analysis in this Addendum, I focus on England and
Wales only, instead of all UK countries, since cause-of-death data through 2022 were not

available for Northern Ireland and Scotland. Moreover, I combined the causes “acute
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cardiovascular disease” and “other cardiovascular disease” into one category

29 ¢¢

“cardiovascular disease,” and I combined the causes “cancer,” ‘“acute respiratory,”
“COPD,” “infectious,” and “residual” into one category “residual.” I did not aggregate
external and substance-related causes of death. This allows me to investigate their

individual and combined contributions to life expectancy stagnation and divergence, in line

with the main research question of this dissertation.

According to Figure 3-add-1, changes in CVD mortality during 2015-2019 added an
average of around one month per annum to female life expectancy in England and Wales
(circle). However, across 2019-2022, changes in CVD mortality resulted in an average life
expectancy loss of around half a month per annum (triangle). Thus, for each pandemic year,
deviation from the pre-pandemic CVD mortality trend contributed -1.5 months to the total
stagnation of around -4 months per annum, as represented by the blue bar (see also Table
3-add-S1 in the Supplementary Information). This even slightly exceeded the contribution
from COVID-19 to the total life expectancy stagnation. This is because we would not have
expected any (positive or negative) contributions from COVID-19 to life expectancy
changes based on pre-pandemic trends, because this cause of death did not exist. Thus,
even though COVID-19 was responsible for the largest share of the life expectancy loss in
2019-2022 (see Figure 3-add-S1), the stagnation perspective would conclude that changes
in CVD mortality were more consequential for the deviation of England and Wales females
from their pre-pandemic life expectancy trajectory. This illustrates the difference between
the descriptive decomposition approach applied in Chapter 3 and the counterfactual

stagnation approach applied in this Addendum and elsewhere (Ramsay et al., 2020).
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The residual category also contributed to the stagnation in female life expectancy in
England and Wales during 2019-2022—around -0.5 months per annum—due to smaller
mortality improvements than would have been expected based on pre-pandemic trends.
Alcohol-related mortality increased during the pandemic, whereas we would have expected
no mortality change based on pre-pandemic trends, contributing about a quarter of a month
per annum to life expectancy stagnation. The remaining external and substance-related
categories contributed little to life expectancy stagnation during 2019-2022, as mortality

from these causes was relatively stable during the pre-pandemic and pandemic periods.

A similar pattern of life expectancy stagnation during the COVID-19 pandemic was visible
for males in England and Wales, except for an offsetting effect from suicide mortality.
Averaged over 2019-2022, male suicide mortality remained stable, while we would have
expected an increase—and a negative contribution to changes in life expectancy—based

on pre-pandemic trends.

In the USA, the patterns of life expectancy stagnation were also broadly similar for males
and females. As in England and Wales, CVD mortality increased on average during the
pandemic, whereas we would have expected an improvement based on pre-pandemic
trends. Thus, CVD mortality also contributed to life expectancy stagnation in the USA.
However, in contrast to England and Wales, the contribution of CVD mortality did not
exceed that of COVID-19 because of the much higher recorded COVID-19 mortality in the
USA, as well as the smaller pre-pandemic CVD mortality improvements. As in England
and Wales, male mortality from residual causes improved less during the pandemic than
would have been expected based on pre-pandemic trends, contributing to life expectancy

stagnation. For USA females, mortality from residual causes actually increased slightly on
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average during the pandemic. Turning to mortality from external and substance-related
causes, all causes of death increased more during the pandemic than would have been
expected based on pre-pandemic trends, except for suicide mortality, which did not change
much across the pre-pandemic and pandemic periods. Thus, alcohol- and drug-related
mortality as well as mortality from other external causes of death—such as accidents—all
contributed to life expectancy stagnation among USA females and males during the
COVID-19 pandemic. For males, the combined contributions of external and substance-

related causes to life expectancy stagnation even exceeded those of CVD mortality.

3-add.2. Life expectancy divergence before and during the COVID-19 pandemic

As I argued above, the stagnation perspective is usually based in counterfactual analysis,
where the actual mortality trajectory in a population is compared to the trajectory that
would have been observed if mortality dynamics at an earlier period had persisted. In
contrast, the study by Polizzi and Dowd (2024) reviewed in the Introduction, and the
analysis in Chapter 2 have illustrated that the divergence perspective can be rooted in either
counterfactual analysis—where mortality dynamics of a different population are assumed
to apply—or in decomposition analysis—where country-specific contributions to life
expectancy changes over time are compared. In what follows, I examine changes in life
expectancy shortfalls of England and Wales and the USA before and during the COVID-
19 pandemic using a decomposition approach. Based on the findings produced in Chapter
3, I examine which causes of death contributed most to widening life expectancy gaps
between England and Wales and the USA, on the one hand, and Sweden, on the other hand.
I use Sweden as a benchmark, since it was the only country with available data through

2022 whose life expectancy had fully returned to pre-pandemic levels by 2022.
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In 2015, male life expectancy in England and Wales was 79.4 years (see Table 3-2),
whereas male life expectancy in Sweden was 80.2 years, resulting in a gap of -0.8 years.
By 2019, male life expectancy had increased to 80.0 years and 81.2 years in England and
Wales and Sweden, respectively, resulting in a gap of -1.2 years. Thus, the added shortfall
during 2015-2019 was (-1.2) — (-0.8) = -0.4 years—or -0.28 years (-3.3 months) without
rounding errors. By 2022, the gap had widened to -1.7 years, for an added shortfall of (-
1.7)—(-1.2) =-0.5 years compared to 2019—or -0.59 years (-7.1 months) without rounding
errors. To obtain the cause-specific contributions to the pre-pandemic and pandemic life
expectancy divergence, we can similarly compare the country- and cause-specific
contributions to life expectancy changes over time. Between 2015-2019 CVD mortality
contributed 3.8 months to the change in male life expectancy in England and Wales, but
6.2 months in Sweden. Thus, CVD mortality contributed 3.8 — 6.2 = -2.4 months to the
added shortfall of -3.3 months during the pre-pandemic period, or around 70%. Over 2019—
2022, England and Wales males lost 2.8 months of life expectancy due to changes in CVD
mortality, compared to gains of 2 months in Sweden, resulting in a contribution of (-2.8) —
2 = -4.8 months (or around 70%) to the life expectancy divergence during the pandemic.
This method of obtaining cause-specific contributions to life expectancy divergences
represents a simplified version of the contour decomposition approach used in Chapter 2
and focuses on the trend component only. A similar method has previously been applied
by Ho (2019) to estimate the contribution of drug-related mortality to USA life expectancy

divergence during the period 2003-2013.

Figure 3-add-2 shows the percent contributions of different causes of death to life

expectancy divergences of England and Wales and the USA from Sweden during the pre-

pandemic (2015-2019) and the pandemic (2019-2022) periods. Like before, I distinguish
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between (a) CVD mortality; (b) mortality from alcohol, drugs, suicide, and other external
causes; (c) COVID-19 mortality; and (d) mortality from all other causes combined

(“Residual”).
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Figure 3-add-2. Contribution of seven causes of death to increasing life expectancy
disadvantage of England and Wales vs. Sweden and the USA vs. Sweden in 2015-2019
and 2019-2022. Note: numbers in upper-left corner show rise in life expectancy
disadvantage in months. Bars represent percent contributions to increasing life expectancy
disadvantage. Positive bars = cause of death contributed to increasing life expectancy
disadvantage. Negative bars = cause of death offset increasing life expectancy
disadvantage. Sum of bars equals 100%. Source: see Chapter 3.

The values in the upper-left corner of each panel in Figure 3-add-2 represent the total life
expectancy divergence during the corresponding period in months. A negative value
indicates that the life expectancy shortfall compared to Sweden increased further. This was

seen for all life expectancy shortfalls, with the exception of the female life expectancy gap

between England and Wales and Sweden during the pre-pandemic period, which narrowed
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by 0.1 years (or one month) (see Table 3-1). Therefore, I do not show results for England
and Wales females in Figure 3-add-2. In the remaining seven panels, positive values for a
given cause of death indicate that it contributed to the life expectancy divergence from
Sweden, while negative values indicate that the cause of death counteracted life expectancy
divergence. The bars in each panel sum to 100%, represented by the dashed grey line in

each panel.

In the pre-pandemic period, CVD mortality improved less among England and Wales males
than among their Swedish counterparts, as already discussed above. As mentioned before,
this divergence in CVD mortality trends contributed around 70% of the total life
expectancy divergence of -3.3 months in that period (see also Table 3-add-S2 in the
Supplementary Information). On the other hand, drug-related mortality increased in
England and Wales but declined in Sweden, making this cause of death responsible for
around 40% of the total pre-pandemic life expectancy divergence. In contrast, mortality
from residual causes improved more in England and Wales than in Sweden, offsetting the
widening life expectancy gap before the pandemic, as represented by the negative
contribution for this cause of death. Mortality from alcohol, suicide, and other external
causes only contributed little to the pre-pandemic life expectancy divergence between

males in England and Wales and Sweden.

Patterns for male life expectancy divergence during the pandemic were roughly similar,
with three exceptions: (a) increases in alcohol mortality in England and Wales contributed
to the country’s life expectancy divergence; (b) contributions from drug-related mortality
to the life expectancy divergence were smaller than before the pandemic; (¢) COVID-19

mortality was higher in England and Wales than in Sweden, making COVID-19 a
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contributor to the life expectancy divergence of England and Wales from Sweden. Patterns
for England and Wales females during the pandemic were similar, except that suicide
mortality played a larger role for divergence than alcohol-related mortality. Taken together,
CVD mortality played the most important role for life expectancy divergence between
males in England and Wales and males in Sweden before and during the COVID-19
pandemic; as well as for life expectancy divergence between females in England and Wales

and females in Sweden during the COVID-19 pandemic.

Moving to the results for the USA, USA females saw smaller CVD mortality improvements
before the COVID-19 pandemic than their Swedish counterparts, making CVD the most
important cause of death for life expectancy divergence. Rising mortality from drugs and
other external causes in the USA also contributed to the country’s life expectance
divergence, albeit at a lower percentage than CVD mortality. In contrast, suicide mortality
increased among Swedish females ahead of the pandemic, creating some offsetting effects
on life expectancy divergence. Among males, CVD mortality “only” contributed about
50% to the pre-pandemic life expectancy divergence between the USA and Sweden,
followed by drug-related mortality at around 40% and mortality from other external causes

at around 10%.

During the pandemic, all causes of death contributed to the life expectancy divergence of
USA males and females from their Swedish counterparts. In both cases, the roughly equal
contributions of CVD and drug-related mortality stand out. Among females, these
contributions were only slightly exceeded by those from COVID-19 mortality, while
among males, CVD, drug-related, and COVID-19 mortality made roughly equal

contributions to the life expectancy divergence of the USA. However, when combined,
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external and substance-related mortality were the most important contributor to the life

expectancy divergence of USA males from their Swedish counterparts, at close to 50%.

3-add.3. Discussion

In Chapter 3, COVID-19 generally emerged as the main driver of life expectancy change
over the period 2019-2022. The stagnation analysis for England and Wales in this
Addendum showed that COVID-19 was also relevant in explaining the deviation of
England and Wales from its pre-pandemic life expectancy trajectory. However, CVD
mortality was relatively more important in explaining life expectancy stagnation, because
we would have expected further life expectancy gains from this cause based on pre-
pandemic trends, but the country experienced life expectancy losses from CVD mortality
during the pandemic. Among USA females and males, COVID-19 remained the most
important cause of death for life expectancy stagnation. Among males, the combined
contribution of all external and substance-related mortality exceeded the contribution from

CVD mortality to life expectancy stagnation.

In England and Wales before and during the pandemic and the USA before the pandemic,
CVD mortality was the largest contributor to the divergence in life expectancy from
Sweden. In the USA during the pandemic, however, the contributions of CVD, drug-related
mortality, and COVID-19 were more similar. Among men, external and substance-related
mortality together were the most important contributor to the divergence of USA life

expectancy from that of Sweden, exceeding even the contributions of COVID-19 mortality.

Thus, consistent with the Introduction and Chapter 2 of this dissertation, the analysis in this

Addendum has once again demonstrated the value of considering analyses of life
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expectancy stagnation and divergence together. Even in the presence of such strong causes
of death as COVID-19, deteriorations in other causes of death can emerge as more
important drivers of stagnation—because we would have expected further improvements—
and divergence—because high COVID-19 mortality affected almost all countries. In
addition, by 2022, COVID-19 mortality recovered in many countries, weakening its
importance for life expectancy stagnation and divergence in the long term. Despite these
recoveries, the remaining large contributions of COVID-19 mortality to life expectancy
stagnation and divergence by the third pandemic year are striking. Although the data used
in this analysis are subject to potential misclassification of COVID-19 mortality as CVD
deaths, and although the dynamics in the causes of death considered in this analysis may
have common underlying drivers, such as the introduction of non-pharmaceutical
interventions to prevent the spread of SARS-CoV-2, this Addendum highlights the
importance of a cause-specific analysis of life expectancy stagnation and divergence to
avoid a narrow focus on SARS-CoV-2 mortality as an explanation for all life expectancy

dynamics during the COVID-19 pandemic.
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3-add.4. Supplementary Information

3-add.4.1. Figures
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Figure 3-add-S1. Contribution of seven causes of death to life expectancy change in 2015—
2019 and 2019-2022 in England and Wales, Sweden, and the USA. Source: see Chapter 3.
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3-add.4.2. Tables

Table 3-add-S1. Contribution of seven causes of death to life expectancy stagnation in
England and Wales and the USA in 2019-2022.

Country Sex CVD Alcohol Drug Suicide Other COVID-19 Residual
external
Englandand 1o 16 02 0.0 0.0 0.0 -1.5 -0.5
Wales
Male -1.9 -0.3 0.0 0.1 0.0 -1.7 -0.1
USA Female -1.1 -02 -04 0.0 -0.2 2.4 -1.0
Male -1.2 -0.3 -0.9 0.0 -0.7 2.7 -0.9

Note: values represent difference between average annual contribution to life expectancy
change in 2019-2022 and average annual contribution to life expectancy change in 2015—
2019 in months. Negative values = cause of death contributed to life expectancy
stagnation. Positive values = cause of deaths offset life expectancy stagnation. Sum across
causes of death equals total annual life expectancy stagnation in 2019-2022. Source: see
Chapter 3.

Table 3-add-S2. Contribution of seven causes of death to increasing life expectancy
disadvantage of England and Wales vs. Sweden and the USA vs. Sweden in 2015-2019
and 2019-2022.

Other

Country Sex Period CVD Alcohol Drug Suicide external COVID-19 Residual
&’aias“dand Female ggég 55.7 83 98  16.6 -6.6 348  —18.6
Male gg}g 717 —68 394 79 6.7 ~ -189

;83' 69.1 197 7.2 53 -3.7 21.2 -18.7

USA Female gg}g 80.0 49 180 147 19.3 - ~7.6
%g;g 22.8 3.0 162 5.0 4.4 323 16.4

Male ggg 491  -01 407 05 9.6 - 0.2

%g;g 21.7 8.1 249 2.7 11.0 23.5 8.1

Note: percent contributions to increasing life expectancy disadvantage. Positive values =
cause of death contributed to increasing life expectancy disadvantage. Negative values =
cause of death offset increasing life expectancy disadvantage. Sum across causes of death
equals 100%. Source: see Chapter 3.
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Chapter 4
The impact of early death on birth
counts in the United States, 1950-2019"

Chapter word count: 6,066

4.1. Abstract

Jacob Bor and colleagues quantified the number of “missing Americans”—the deaths that
would have been averted if the United States of America (USA) had experienced the
mortality conditions of other wealthy nations (Bor et al., 2023). In 2019 alone, their
estimates indicate that more than 100,000 individuals in reproductive ages (15-49) would
have survived. The concept of the “missing Americans” is a valuable one, but here we argue
that it is incomplete because it does not include children that would have been born to those
who died an early death. We examine three indicators to assess the strength of the
mortality—fertility nexus at the population level, showing that mortality more negatively
affects birth counts in the USA than in other wealthy nations. Using the mortality conditions
in other wealthy nations as a reference, we estimate that between 2010 and 2019 alone,
approximately 200,000 children were not born in the USA due to the premature death of
their potential mothers. Our findings highlight that improving morbidity and mortality
among people of reproductive age—without compromising their reproductive autonomy—

1s critical in the USA.

! This chapter is joint work with Andrea M. Tilstra. A version of this chapter has been published as: Polizzi,
A., & Tilstra, A. M. (2024). The impact of early death on birth counts in the United States, 1950 to 2019.
PNAS Nexus, 3(6), pgac058. https://doi.org/10.1093/pnasnexus/pgac058.
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4.2. Introduction

Jacob Bor and colleagues provided an estimate of the number of deaths that would have
been averted if the USA had experienced the mortality conditions of other wealthy nations
(Bor et al., 2023). In 2019 alone, their estimates point to a total of 600,000 Americans that

‘went missing,” or individuals that died an early death.

The concept of the “missing Americans” is a valuable tool to illustrate the USA mortality
disadvantage because it quantifies the comparatively high levels of mortality in the USA
using an intuitive metric. It also complements the often difficult-to-communicate summary
indicators of all-cause mortality—such as life expectancy at birth or age-standardized
mortality rates—that demographers use when sharing their findings with a broader
audience. Finally, “missing Americans” points to the avoidable consequences of early
mortality for society more broadly. As Bor et al. argue, preventable mortality and
underlying health issues may impact individuals’ ability to contribute to the economic,
political, as well as social spheres and may negatively affect the socioeconomic and
emotional well-being of family members and members of the social network of sick or

deceased individuals (Bor et al., 2023).

The enumeration of missing populations has a long tradition in demography, as evidenced

99 ¢

by the abundance of literature on “missing girls,” “missing women,” or “missing females”
(Sen, 1990).2 “Missingness” here is not defined as the lack of knowledge of the

whereabouts of a person due to their disappearance by their own will or by the force of

2 In line with the two-sex structure of the data and methodological approaches reviewed and used in this
article, we use the terms ‘girl,” ‘woman,” and ‘female’ interchangeably to refer to individuals capable of
pregnancy. We recognize that our data and methods (a) do not capture all individuals self-identifying with
one or more of these terms at some or all time points; (b) capture some individuals not self-identifying with
one or more of these terms at some or all time points; (c) capture some individuals not capable of pregnancy,
even when self-identifying with one or more of these terms at some or all time points (Moseson et al., 2020,
2021).
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another person. Rather, it refers to the fact that a given society would include more
individuals if demographic conditions were or had been different. For example, Bongaarts
and Guilmoto estimated that 126 million more girls and women would have been alive
worldwide in 2010 if age-specific sex ratios were not biased towards males (Bongaarts &
Guilmoto, 2015). Skewed population sex ratios are typically explained by patriarchal
structures that encourage sex-selective abortion, infanticide, and childcare practices, as
well as differential access to resources, resulting in biased sex ratios at birth and elevated
female mortality (Pennington et al., 2023). Thus, the literature on missing females calls
attention to the fact that social inequality frequently manifests itself in fertility and

mortality outcomes, and the concept of the “missing Americans” follows this tradition.

Despite drawing attention to some important sequelae of early mortality at the individual
and societal levels, “missing Americans,” as currently defined by Bor and colleagues, does
not account for the forgone fertility due to mortality before the end of the reproductive
period. Of the 600,000 total excess deaths observed in 2019, more than 100,000 were in
reproductive ages (15-49). Many of these individuals would have had children if they had
not died prematurely, leading to ‘missing births.”®> We argue that expanding the concept of
“missing Americans” to account for the nexus between mortality and fertility provides a
more comprehensive assessment of the negative consequences of the USA mortality

environment for society.

3 In the literature on missing females, the concepts “missing female births” and “females missing at birth”
are used to refer to never-born female children due to sex-selective abortion (Bongaarts & Guilmoto, 2015).
Thus, “missing females” is a broad concept that comprises the postnatal pathway of female excess mortality
and the prenatal pathway of sex-selective abortion. We borrow the term ‘missing births’ in this article to only
highlight the indirect consequences of high (male and female) excess mortality in the USA for birth counts.
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Thinking about the fertility implications of early mortality is not a new approach in
demographic research. Nearly 30 years ago, demographers asked questions like “How
many Americans are alive because of twentieth-century improvements in mortality?”
(White & Preston, 1996) or “How many Americans might have been alive in the twentieth
century?” (Muszynska & Rau, 2009) and used a counterfactual population projection
approach to estimate the number of Americans that “literally owe their lives to health
progress” (White & Preston, 1996) or that “could be alive [...] had mortality in the United
States [...] been the lowest possible at the time” (Muszynska & Rau, 2009). Estimates from
these studies already included lives saved directly in the first generation and those saved

indirectly in subsequent generations.

Besides projection methods, formal demographic summary indicators of the mortality—
fertility nexus, such as the net reproduction rate, have existed for decades (Lewes, 1984).
These easy-to-calculate indicators are regularly reported for all countries by the United
Nations Department of Economic and Social Affairs (UNDESA) (United Nations,
Department of Economic and Social Affairs, Population Division, 2022). In high-income
contexts, there is a tendency to think that mortality before the end of the reproductive period
is sufficiently low to assess mortality and fertility conditions separately using period life
expectancy at birth and the total fertility rate. However, considering the rising mortality
gap between the USA and its peer countries that has resulted in excess premature mortality
among people of reproductive ages, we argue for the continued and extended use of

mortality—fertility indicators for high-income countries, especially in a comparative setting.

In this article, we review three existing summary indicators that can be used to

communicate the magnitude of the mortality—fertility nexus in the USA, both within the
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community of demographic researchers and to a broader audience: (a) the probability of
survival from birth to age 50; (b) reproductive-age life expectancy; and (c) the
reproduction—survival ratio. Moreover, we advocate for the continued utility of
counterfactual population projections to study the nexus between mortality and fertility at
the population level. We review the principles behind counterfactual population
projections, illustrating how this method can be used to study the population impact of
short-term demographic shocks or longer-term demographic disadvantages. Our empirical
application shows that the contemporary USA performs worse on the three mortality—
fertility indicators than its peer nations, indicating that mortality more negatively affects
birth counts in the USA. Using the mortality conditions in other wealthy nations as a
reference, our counterfactual population projections suggest that between 2010 and 2019
alone, approximately 200,000 children were not born in the USA due to the premature

death of their potential mothers.

Beyond measurement, we emphasize that improving the morbidity and mortality of
reproductive-aged people is critical in the USA. Pronatalist and nationalist ideologies often
aim to restrict women’s reproductive autonomy to increase future population size, usually
at the expense of the health of pregnant and birthing people currently alive (Gietel-Basten
et al., 2022). Building on existing frameworks (Starrs et al., 2018), the indicators and
methods examined in this article provide tools to quantify the extent to which USA
individuals are constrained in their freedom to start and raise a family on their own terms.
The constraint considered here is the risk of death before the end of the reproductive period.
We argue that the unconditional focus on the physical integrity and reproductive autonomy

of those alive today can also reap benefits tomorrow by enabling individuals to participate
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actively in society, embedded in kinship and social networks that are not disrupted by

premature mortality.

4.3. Quantifying the mortality—fertility nexus

4.3.1. Probability of survival to age 50 (€5)

The period life table is a demographic tool that allows for the calculation of different
summary indicators of survival under the assumption that the mortality conditions observed
in a given year and population were held constant for the individuals born in that year
(Preston et al., 2001).* For example, USA life expectancy at birth (e,) in the year 2010 is
not a forecast of the actual length of life of a person born in the USA in that year. Rather,
it indicates the average number of years a newborn could expect to live under the mortality
conditions found in the USA in 2010. Thus, the life table can succinctly summarize
mortality conditions observed across a wide age range. Unlike other summary indicators
of mortality, such as the crude death rate, indicators derived from the life table are not
affected by the age structure of the population for which they are calculated, allowing for

a straightforward comparison of these indicators across time and across populations.

Assuming a birth cohort (life table radix) of size 1, the £, column of the life table indicates
the probability of survival from birth to age x under the life table assumptions described
above. For example, ¥5, is the probability of surviving from birth past the end of the

reproductive period, i.e. to age 50.°

4 While all approaches discussed in this article can be applied with arbitrary year cutoffs, e.g. July to June,
we always refer to the calendar year (January to December).

5> The reproductive period varies between individuals of the same sex and between individuals of different
sexes. For females, menopause limits the reproductive period, though this is changing with the widening
availability of assisted reproductive technology. Defining the length of the reproductive period is also
dependent on data availability, as data providers vary in the lower and upper age limits for which they report
births. Still, among both females and males, most births occur during ages 15 to 49, which is the most
common definition of the reproductive period in demographic research (Preston et al., 2001).
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4.3.2. Reproductive-age life expectancy (RALE)

Temporary life expectancy, ,e,, is a life table indicator of the average number of years a
person that survived to age x could expect to live before age x+n under the current mortality
conditions (Arriaga, 1984). This indicator can reach a maximum value of n years, in which
case there would be no mortality between ages x and x+n. For example, reproductive-age
life expectancy (RALE), or ;seqs, is the average number of years a 15-year-old could
expect to live before the end of the reproductive period (i.e. before age 50), with a

maximum value of 35 years (Canudas-Romo et al., 2014).

4.3.3. Reproduction—survival ratio (RSR)

The gross reproduction rate (GRR) is a summary indicator of fertility that follows a similar
logic to the life table. It indicates the average number of children of the same sex that an
individual of a given sex would bear throughout their lifetime if the fertility conditions
observed in a given year and population were held constant (Preston et al., 2001). GRR
assumes no mortality before the end of the reproductive period and is, thus, sometimes
regarded as an indicator of “potential reproductivity” (Shryock et al., 1998) in the absence
of mortality among potential parents. In contrast, the net reproduction rate (NRR) assumes
that individuals were exposed to both the fertility and mortality conditions observed in a
given year and population (Preston et al., 2001). The ratio of NRR to GRR, or the
reproduction—survival ratio (RSR), indicates the share of potential fertility that “survives
the effects of mortality” (Shryock et al., 1998) among potential parents. By standardizing
for potential fertility in the denominator, RSR can be compared across time and across

populations without being biased by differences in the levels of fertility.
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Traditionally, GRR, NRR, and RSR focus on the birth of female children to females. Given
our interest in the implications of early death for total birth counts, we modify these

indicators to account for the birth of children of any sex to females (Keilman et al., 2014).

Table 4-1 provides an overview of the three mortality—fertility indicators, showing the most

common interpretation of each indicator, the formula used to calculate each indicator, and

how deaths at earlier vs. later ages affect each indicator.

Table 4-1. Demographic indicators of the mortality—fertility nexus.

Deaths Impact of
Indicator Interpretation® Formula® Maximum accounted delzaths at
value for different
ages
49 &
Probability of .
?50 survival to age 50 1_[ 1Px 1 <Age 50  Equal impact
0
Average number
Reproductive-age of years lived 49 Stronger
. 15 1Lx Ages .
life expectancy ~ between ages 15— 35 1549 impact of
(RALE) 49, conditional on t1s earlier deaths
survival to age 15
Share of potential i?;r(:;%zrf
. fertility that pac
Reproduction— . 49 g F earlier
X . survives effects 215 1Llx X 1Fy
survival ratio . —_ 1 <Age 50 deaths;
of mortality 49 F .
(RSR) among potential e equal impact
irre): s of deaths <
P age 15

2 Under the assumption that current mortality and fertility conditions are held constant and life table

radix £, = 1.

b p,=probability of surviving from age x to age x+1; ;L,=person-years lived between ages x and x+1;
1F,=(two-sex) fertility rate between ages x and x+1.
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4.3.4. Counterfactual population projection

¥59, RALE, and the RSR are age-standardized summary indicators of mortality and/or
fertility conditions in a given year and population. These indicators also assume stability
of the underlying demographic conditions. While this means that mortality and fertility
conditions can be straightforwardly compared across time and across populations, the real-
world implications of different demographic circumstances heavily depend on the age-
structure of the individuals experiencing these circumstances. Thus, following previous
studies (Preston & Vierboom, 2021; Woolhandler et al., 2021), Bor et al. calculated the
number of missing Americans by counterfactually subjecting the observed USA population

in each year to the age-specific mortality rates found in a group of peer countries.

However, the consequences of early mortality for birth counts are not limited to the year of
observation. For example, a 30-year-old that died in 1990 would have been able to have
children until 2009, if the premature death had been avoided. Thus, quantifying the fertility
implications of mortality before the end of the reproductive period requires a counterfactual
approach with a longer-term perspective—one, in which the missing Americans are not
only assumed to survive but also to have children later on. Research on the population
implications of COVID-19 has popularized again an approach known as “counterfactual
population projection” (Murphy, 2021) to study the long-term effects of demographic
shocks (Charles-Edwards et al., 2021; Gonzéalez-Leonardo & Spijker, 2022; Tilstra et al.,
2024). Here, the population before the shock is projected forward with the cohort
component method (Preston et al., 2001) under two scenarios: (a) a baseline scenario, in
which the starting population is exposed to the age-specific mortality, fertility, and
migration rates actually observed during the shock; and (b) a counterfactual scenario, in

which the starting population is exposed to counterfactual demographic conditions that
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would have likely prevailed in the absence of the shock. The difference in any indicator
between the two scenarios, such as the number of live births, represents the population
effect of the demographic shock. This approach can be applied for different time scales to
quantify the short- and/or long-term implications of the demographic shock. In addition,
we contend that counterfactual population projections are not limited to the study of
instantaneous demographic shocks but can also be applied to study the effects of longer-
term demographic disadvantages. For example, in the context of the missing Americans, it
is possible to study short- and long-term differences in birth outcomes if the USA had
experienced the more favorable mortality conditions of its peer countries (Muszynska &

Rau, 2009).

While the counterfactual projection of live births takes inspiration from the previously
discussed demographic indicators, especially the RSR, it is an independent approach to
quantify the implications of early death for birth counts. Compared with the demographic
indicators, the strength of the counterfactual projection approach lies in its ability to
account for changes in the mortality and fertility conditions across the lifetimes of multiple
birth cohorts, even if these cohorts are only partially observed. The projection approach is
also able to account for population size, population age structure, and the impact of
migration, the latter being an important source of population growth and change (Billari,

2022).

4.4. Materials and methods
We compared the USA to a group of peer countries to illustrate the extent to which USA
birth counts have been impacted by the unfavorable USA mortality environment

highlighted in previous studies (National Academies of Sciences, Engineering, and

Page 162



Medicine, 2021; National Research Council, 2013). In line with Bor et al., we varied our
group of peer countries to comprise (a) the five largest Western European countries—
France, Germany, Italy, Spain, and the United Kingdom; (b) the other Group of Seven (G7)
countries—Canada, France, Germany, Italy, Japan, and the United Kingdom; and (c) 21
other wealthy nations—Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Iceland, Ireland, Italy, Japan, Luxembourg, The Netherlands, New Zealand,
Norway, Portugal, Spain, Sweden, Switzerland, and the United Kingdom. Our analysis was
restricted to (early) death in the female population and, where applicable, accounted for the

birth of children of any sex.

Using data from the 2022 United Nations World Population Prospects (UNWPP) for the
period 1950-2100, we constructed annual life tables from estimated and forecasted
information on female deaths and female exposures by single year of age and calculated
age-specific fertility rates from estimated and forecasted information on births to females
and female exposures by single year of age (United Nations, Department of Economic and
Social Affairs, Population Division, 2022). We used the formulas reported in Table 4-1 and
derived values of £5,3, RALE, and the RSR for the USA, each of the peer countries, and the

population-weighted average of the peer countries for the period 1950-2019.

By comparing annual birth counts in a baseline (with USA mortality) and a counterfactual
(with peer mortality) projection scenario, we determined the annual number of children
that were only (‘additional births”) or were not (‘missing births’) born because the USA did
not experience the mortality conditions of other wealthy nations beginning in 1950. To this
end, we applied standard cohort component methodology (Preston et al., 2001) to estimated

and forecasted USA population counts reported in UNWPP. Among the additional births,
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we distinguished between children born only because their mothers (second generation) or
(great-)grandmothers (third and higher generations) survived under USA mortality
conditions but would have died under peer mortality conditions. Similarly, among the
missing births, we distinguished between children not born because their potential mothers
(second generation) or (great-)grandmothers (third and higher generations) died under USA
mortality conditions but would have survived under peer mortality conditions (Muszynska
& Rau, 2009). This approach is described in more detail in the Supplementary Information
to this chapter. For the main analysis, we commenced and ceased our projections on
January 1, 1950 and January 1, 2020, respectively. In supplementary analyses, we extended

the projection period to January 1, 2050.

In the main manuscript, we report results for the comparison between the USA and the
group of other wealthy nations. Results for the other comparison groups can be found in
the Supplementary Information (Figures 4-S1 to 4-S8). Replication data and code for all
figures are available through our Open Science Framework (OSF) repository:

https://doi.org/10.17605/0sf.i0/z5d;b.

4.5. The USA mortality—fertility nexus

Figure 4-1 shows trends over the period 1950-2019 in €5, in the USA and the group of
other wealthy nations. The inset in Figure 4-1 highlights the most recent period, 1980—
2019. The thick solid (red) line shows the USA, while the thick dashed (dark blue) line
shows the average among the peer countries. Each peer country is represented by a thin
solid (light blue) line. Overall, levels of €5, were high and close to the theoretical maximum
of 1. This is especially noticeable at the end of the observation period (2019), where all

countries reached values of €5, above 95%.
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In the 1950s, the USA had above-average probabilities of survival to age 50. By the mid-
1960s, though, the USA stagnated while improvements continued for the peer countries,
contributing to the emergence of a USA disadvantage in €55. The gap remained relatively
stable during the 1970s, but began widening in the 1980s, driven by larger improvements
for the peer countries. By the end of the 1990s, €5, in the USA was lower than in all other
wealthy nations. During the 2010s, deteriorations in the USA amid improvements in the
peer countries led to further increases in the USA ¥5, disadvantage. While the USA
recovered slightly in the years before the COVID-19 pandemic, the gap remained
substantial. If mortality conditions were held at 2019 levels, the probability of survival to

age 50 would be 97.9% in the other wealthy nations but only 95.6% in the USA.
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Figure 4-1. Female probability of survival to age 50 (¥54) in the USA and 21 other wealthy
nations, 1950-2019. Notes: Thick solid line=USA; thick dashed line=population-weighted
average of the other wealthy nations; thin solid lines=country-specific trends for each of
the other wealthy nations. Inset zooms in on period 1980-2019 for better readability.
Source: Authors’ calculations based on data from United Nations World Population
Prospects 2022.

Figure 4-2 shows trends in RALE in the USA and the other wealthy nations between 1950
and 2019. Overall, trends followed a similar pattern as €5, suggesting that mortality before
age 15 was not the underlying driver of the patterns seen in Figure 4-1. As with £, values
of RALE in the USA and the other wealthy nations have reached levels close to the
theoretical maximum of 35 years, with RALE estimated to surpass 34.5 years in 1981 and
1971 in the USA and the peer average, respectively. In the early 2010s, RALE declined in
the USA but recovered somewhat in the late 2010s. If mortality conditions observed in

2019 were held constant, 15-year-olds in the USA would, on average, live 2.9 fewer months

before age 50 than their counterparts in other wealthy nations. While on the individual
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level, this difference may seem small, Bor and colleagues highlighted the large number of
years of life lost in the USA at the population level. This loss, in turn, may have meaningful

implications for population-level birth counts, as we illustrate below.
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Figure 4-2. Female reproductive-age life expectancy (RALE) in the USA and 21 other
wealthy nations, 1950-2019. Notes: Thick solid line=USA; thick dashed line=population-
weighted average of the other wealthy nations; thin solid lines=country-specific trends for
each of the other wealthy nations. Inset zooms in on period 1980-2019 for better
readability. Source: Authors’ calculations based on data from United Nations World
Population Prospects 2022.

Echoing our findings for 5, and RALE in Figures 4-1 and 4-2, Figure 4-3 shows a lower
female RSR in the USA compared to the group of other wealthy nations starting in the
1960s. Assuming that (a) mortality and fertility conditions were held at 2019 levels; (b)

deceased women would have had the same fertility as surviving women; (c) there was no
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international migration, the USA would realize 98.5% of its fertility potential, while this

level would be somewhat higher, at 99.2%, in the peer countries.
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Figure 4-3. Female reproduction—survival ratio (RSR) in the USA and 21 other wealthy
nations, 1950-2019. Notes: Thick solid line=USA; thick dashed line=population-weighted
average of the other wealthy nations; thin solid lines=country-specific trends for each of
the other wealthy nations. RSR accounts for the birth of children of any sex. Inset zooms
in on period 1980-2019 for better readability. Source: Authors’ calculations based on data
from United Nations World Population Prospects 2022.

Finally, Figure 4-4 shows the annual number of additional and missing births across the
period 1950-2019. Areas pointing up (and in blue) indicate USA live births that would not
have occurred in a counterfactual scenario in which the mortality conditions of other
wealthy nations applied beginning in 1950. Conversely, areas pointing down (and in red)

indicate live births that would have only occurred under the mortality conditions of other

wealthy nations. The dark and light shades disaggregate the additional and missing births
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further by generation (i.e. second generation vs. third and higher generations), as described
in the Materials and methods. The dashed line represents the total annual difference in the
number of live births under the baseline (with USA mortality) and counterfactual (with
peer mortality) population projection scenarios and is equal to the sum of all (blue and red)

arcas.

Compared to the counterfactual scenario, the USA experienced more live births in each
year of the period 1950-2019 (dashed line). Until the 1980s, this was predominantly
because of children born only because their mothers’ lives were saved under USA mortality
conditions, i.e. additional births in the second generation (dark blue area pointing upward).
Since then, the importance of children born only because their (great-)grandmothers’ lives
were saved under USA mortality conditions has increased, i.e. additional births in the third
and higher generations (light blue area pointing upward). However, since the mid-1980s,
the USA has also seen an increasing number of missing births in the second generation
(dark red area pointing downward). Across the decade 2010-2019, around 200,000
children were not born in the USA because their potential mothers died prematurely under
USA mortality conditions. Of these missing births, about 23,000 would have occurred in
2019 alone. Missing births in the third and higher generations, i.e. children not born
because their potential (great-)grandmothers died prematurely under USA mortality
conditions, played only a minor role during the period 1950-2019 (light red area pointing
downward). Using partially observed and forecasted information on population, births, and
deaths in the USA and other wealthy nations for the period after 2019, we project that in
each year until 2049, the USA will see fewer births than in a counterfactual scenario in
which the mortality conditions of other wealthy nations applied beginning in 1950 (see

Figure 4-S9 in the Supplementary Information). Thus, although the USA reproductive-age

Page 169



mortality advantage in the 1950s and 1960s initially resulted in additional births, the
persistent disadvantage in reproductive-age mortality that began to emerge in the 1960s is

projected to have an offsetting effect on USA birth counts in the medium- and long-term.

Births (in thousands)

1950 1960 1970 1980 1990 2000 2010 2020

Year
. Additional, 2nd generation . Missing, 2nd generation —- Baseline — Counterfactual
Additional, 3rd+ generation Missing, 3rd+ generation

Figure 4-4. Additional births and missing births in the USA, 1950-2019. Notes:
Areas=children that were only (pointing upward) or were not (pointing downward) born in
the USA each year because the country did not experience the mortality conditions of 21
other wealthy nations beginning in 1950. Source: Authors’ calculations based on data from
United Nations World Population Prospects 2022.
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4.6. Discussion

Jacob Bor and colleagues estimated the number of missing Americans—early deaths in the
USA due to higher mortality than in other wealthy nations. In this article, we aim first to
broaden the concept of “missing Americans” by estimating the number of missing births—
the children that would have been born to those who died an early death. Using the
mortality conditions in other wealthy nations as a reference, our counterfactual population
projections suggest that between 2010 and 2019 alone, approximately 200,000 children
were not born in the USA due to the premature death of their potential mothers. The early

death of Americans thus has important implications for birth counts.

Our counterfactual projection approach—akin to those used by White and Preston (White
& Preston, 1996) and Muszynska and Rau (Muszynska & Rau, 2009)—explicitly
incorporates information on the population age structure and mimics the movement of
actual birth cohorts through time. While estimates provided here mostly show
consequences of the past, it is possible to provide projections of forgone fertility due to
mortality in the near and more distant future (Tilstra et al., 2024). Using partially observed
and forecasted information on population, births, and deaths in the USA and other wealthy
nations, we project that the USA will continue to experience missing births in the next

decades, while the number of additional births will continue to decline.

The effects of mortality on population-level birth counts can compound over time and
across generations. Focusing on a 100-year period (1900-2000), Muszynska and Rau
provided estimates of never-born children due to the early death of potential parents,
grandparents, and great-grandparents (Muszynska & Rau, 2009). They estimated that more

than 700,000 additional children could have been born in the year 2000 alone if the USA
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had had the highest life expectancy recorded in each year of the twentieth century.
Counterfactual population projections have been criticized in the past for stretching the
projection time window and incorporating the contributions from population momentum
(i.e. the fact that never-born children would have had children) (Wang et al., 2018). While
our approach does not fully avoid this issue, we focus on a time period in which the (great-
)grandchildren of the missing Americans only make a minor contribution to the total

number of missing births, as seen by the light red area pointing downward in Figure 4-4.

Our second contribution is to compare the USA to other wealthy nations on three easy-to-
calculate summary indicators of the mortality—fertility nexus: (a) the probability of survival
to age 50 (¥5p), (b) reproductive-age life expectancy (RALE), and (c) the reproduction—
survival ratio (RSR). Although the three indicators differ in the way deaths and births at
different ages are accounted for (see Table 4-1), we find that, regardless of the selected
metric, the contemporary USA consistently performs worse than its peer nations. If
mortality and fertility conditions observed in 2019 remained stable, 21 in 1000 newborn
girls would die before age 50 in the other wealthy nations, while in the USA it would be
more than twice as many at 44 in 1000 (£5¢). Under 2019 conditions, a girl alive at age 15
would, on average, live 2.9 fewer months before age 50 in the USA compared to the other
wealthy nations (RALE). Finally, 15 of 1000 potential children would not be born under
2019 conditions in the USA because of premature mortality among potential mothers
(RSR). In the other wealthy nations, it would only be about half as many: 8 out of 1000
children. Taken together, the three indicators reviewed here paint a comprehensive picture
of the negative consequences of mortality before the end of the reproductive period for
population-level birth counts in the USA. Whereas the counterfactual population projection

approach is most effectively applied with some time lag, the three life table indicators are
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period-based and react instantaneously to changes in the mortality environment. Thus,
these indicators can be used to track and communicate year-to-year progress on the USA
mortality—fertility nexus. We recommend that the choice of the most suitable indicator is
based on the metric of interest (probability, years of life, births) as well as the age range

accounted for by the different indicators.

Our findings complement existing research that suggests the high burden of disease in the
USA may prohibit individuals from starting and raising a family (Liu et al., 2023).
Widening socioeconomic inequalities combined with a limited social safety net, the
absence of universal healthcare coverage, and the lax regulation of health threats and
threats to life—such as opioids, firearms, environmental pollutants, and unhealthy foods—
have played an important role in the emergence of the missing Americans (Bor et al., 2023),
including missing births. In 2019, the causes of death that afflicted women of reproductive
age the most in the USA spanned accidents (including accidental drug poisonings),
malignant neoplasms, diseases of the heart, suicide, and homicide (Gemmill et al., 2022;
Margerison et al., 2022). Moreover, reproductive-aged women in the USA saw increases
in a broad group of causes of death over the period 1999-2019, including accidents, suicide,
chronic liver disease/cirrhosis, diabetes mellitus, septicemia, and nephritis/nephrotic
syndrome/nephrosis (Gemmill et al., 2022). Mortality related to pregnancy/childbirth/the
puerperium grew by more than 180% across the same period, further pointing to adverse
consequences of restricted abortion access and/or access to high-quality maternal care
(Gemmill et al., 2022; Stevenson, 2021). Therefore, following Bor and colleagues, we
contend that preventing future missing Americans, including missing births, “will require
efforts to address fundamental causes of poor population health in the USA that existed

even before the [COVID-19] pandemic began” (Bor et al., 2023).
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There are two limitations to the methods suggested in this article. First, we assume that the
age-specific fertility rates observed among the surviving individuals in the USA would
have applied to the deceased individuals as well, and that all unrealized live births estimated
in this way should be counted as missing. However, this assumption does not account for
heterogeneity in fertility outcomes, such as health-related fertility differences between
surviving and dying individuals (Liu et al., 2023). Moreover, related to a broader limitation
of macro-level fertility research, we are not able to capture the intentionality of births.
Compared to other countries in Europe and Northern America, the USA has a high rate of
unintended pregnancies (Bearak et al., 2022). This is especially true for groups that have
been historically marginalized (Finer & Zolna, 2016) and that constitute a disproportionate
share of the missing Americans. Whether unintended births should be included in a measure
of missing births is up for debate. We encourage continued research and dialogue on the

best ways to estimate missing births, and missing Americans more generally.

Second, against a history of misinterpretation of demographic period indicators (Sobotka
& Lutz, 2011), sometimes deliberate, we caution that the three life table indicators included
here (59, RALE, and RSR) only describe the experience of actual birth cohorts if two
assumptions hold: (a) that all demographic rates remain stable; and (b) that there is no
migration. It is rare that these assumptions hold. While there have been various attempts to
incorporate migration into demographic indicators of fertility and/or mortality, such as the
total fertility rate (Parr, 2021) or the net reproduction rate (Preston & Wang, 2007), the
assumption of stable demographic rates is almost always violated (Ni Bhrolchéin, 2011).
The indicators suggested here should not be seen as forecasting instruments, but instead as
helpful tools to summarize the mortality and fertility conditions in a given year, net of the

underlying population age structure (Ni Bhrolchain, 2011).
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Despite these limitations, the strength of our approach lies in extending the concept of
“missing Americans,” as introduced by Bor and colleagues, and in emphasizing the
relevance of the mortality—fertility nexus even in high-income countries where mortality
before the end of the reproductive period is generally considered low. Going forward, the
indicators and methods reviewed in this article could be valuable in monitoring progress
toward removing barriers that prevent people from starting and raising a family on their
own terms. This includes progress in addressing reproductive inequalities experienced by
groups with historically higher rates of early mortality, such as those from lower
socioeconomic backgrounds and some historically marginalized racial or ethnic groups in
the USA, as these groups may face the greatest burden of missing births. Whether or not
this means that preventing premature mortality will lead to larger birth cohorts—as those
involved in depopulation discourses may hope or racist ideologues of “hyperfertility”
(Mehra et al., 2020) may fear—should not determine if the physical integrity and
reproductive autonomy of those currently alive will be guaranteed. An unconditional focus
on the health of those alive today will allow individuals to participate actively in society,
embedded in kinship and social networks that are not disrupted by avoidable morbidity or

mortality.
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4.10. Data availability

Data are publicly available, under a Creative Commons license CC BY 3.0 IGO, from the
United Nations World Population Prospects (UNWPP) 2022:
https://population.un.org/wpp/. For ease of replication, all R scripts and project data,
including the data underlying all figures, are available at our Open Science Framework

(OSF) repository: https://doi.org/10.17605/0sf.10/z5djb.

4.11. Supplementary Information

4.11.1. Methods

In step I of our counterfactual projection of live births, we compare annual birth counts in
a baseline (with USA mortality) and a counterfactual (with peer mortality) projection
scenario to determine the total annual number of children that were not (missing births) or
were only (additional births) born because the USA did not experience the mortality
conditions of other wealthy nations beginning in 1950. In step II of our counterfactual
projection of live births, we disaggregate the missing births into children not born because
their potential mothers (second generation) or (great-)grandmothers (third and higher
generations) died under USA mortality conditions but would have survived under peer
mortality conditions. Similarly, we disaggregate the additional births into children born
only because their mothers (second generation) or (great-)grandmothers (third and higher
generations) survived under USA mortality conditions but would have died under peer

mortality conditions.

To disaggregate missing and additional births by generation, we developed a stepwise

counterfactual population projection approach. First, we survive the observed USA

population in 1950 to the end of the projection period using baseline and counterfactual
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mortality rates. In both the baseline and the counterfactual scenario, we allow for in-
migration and record the total number of children, but not (great-)grandchildren, born. We
correct the annual birth counts obtained in this way for out-migration of potential parents.
Second, the annual birth counts after correction for out-migration are separated into two
components: (a) births that occurred in both the baseline and the counterfactual scenario;
(b) births that occurred only in the baseline (additional births) or the counterfactual
(missing births) scenario. Third, births that occurred in both the baseline and the
counterfactual scenario are themselves survived forward under baseline and counterfactual
mortality conditions. Again, the children of these children, but not their (great-
)grandchildren, are recorded and separated into two components: (a) births that occurred in
both the baseline and the counterfactual scenario; (b) births that occurred only in the
baseline (additional births) or the counterfactual (missing births) scenario. Step three is
repeated until the end of the projection period is reached. Fourth, the additional and missing
births recorded for each year and projection step are summed into separate annual totals of
additional and missing births. These are the additional and missing births in the second
generation, i.e. children that were only born because their mothers survived under USA
mortality conditions but would have died under peer mortality conditions, and children that
were not born because their potential mothers died under USA mortality conditions but
would have survived under peer mortality conditions. Finally, we survive the additional
births in the second generation forward under baseline mortality conditions and survive the
missing births in the second generation forward under counterfactual mortality conditions.
This time, we record all descendants of these children. These are the additional and missing
births in the third and higher generations, i.e. children that were only born because their
(great-)grandmothers survived under USA mortality conditions but would have died under

peer mortality conditions, and children that were not born because their potential (great-
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)grandmothers died under USA mortality conditions but would have survived under peer

mortality conditions. The sum of all additional and missing births in each year (irrespective

of their generation) corresponds to the annual difference in live births between a standard

baseline and counterfactual population projection scenario from step 1.

4.11.2. Figures
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Figure 4-S1. Female probability of survival to age 50 (€5,) in the USA and the other Group
of Seven (G7) countries, 1950-2019. Notes: Thick solid line=USA; thick dashed
line=population-weighted average of the other G7 countries; thin solid lines=country-
specific trends for each of the other G7 countries. Inset zooms in on period 1980-2019 for
better readability. Source: Authors’ calculations based on data from United Nations World

Population Prospects 2022.
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Figure 4-S2. Female reproductive-age life expectancy (RALE) in the USA and the other
Group of Seven (G7) countries, 1950-2019. Notes: Thick solid line=USA; thick dashed
line=population-weighted average of the other G7 countries; thin solid lines=country-
specific trends for each of the other G7 countries. Inset zooms in on period 1980-2019 for
better readability. Source: Authors’ calculations based on data from United Nations World

Population Prospects 2022.
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Figure 4-S3. Female reproduction—survival ratio (RSR) in the USA and the other Group of
Seven (G7) countries, 1950-2019. Notes: Thick solid line=USA; thick dashed
line=population-weighted average of the other G7 countries; thin solid lines=country-
specific trends for each of the other G7 countries. Inset zooms in on period 1980-2019 for
better readability. Source: Authors’ calculations based on data from United Nations World
Population Prospects 2022.
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Figure 4-S4. Additional births and missing births in the USA, 1950-2019. Notes:
Areas=children that were only (pointing upward) or were not (pointing downward) born in
the USA each year because the country did not experience the mortality conditions of the
other Group of Seven countries beginning in 1950. Source: Authors’ calculations based on
data from United Nations World Population Prospects 2022.
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Figure 4-S5. Female probability of survival to age 50 (£5,) in the USA and the five largest
Western European countries, 1950-2019. Notes: Thick solid line=USA; thick dashed
line=population-weighted average of the Western European countries; thin solid
lines=country-specific trends for each of the Western European countries. Inset zooms in
on period 1980-2019 for better readability. Source: Authors’ calculations based on data
from United Nations World Population Prospects 2022.
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Figure 4-S6. Female reproductive-age life expectancy (RALE) in the USA and the five
largest Western European countries, 1950-2019. Noftes: Thick solid line=USA; thick
dashed line=population-weighted average of the Western European countries; thin solid
lines=country-specific trends for each of the Western European countries. Inset zooms in
on period 1980-2019 for better readability. Source: Authors’ calculations based on data
from United Nations World Population Prospects 2022.
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Figure 4-S7. Female reproduction—survival ratio (RSR) in the USA and the five largest
Western European countries, 1950-2019. Notes: Thick solid line=USA; thick dashed
line=population-weighted average of the Western European countries; thin solid
lines=country-specific trends for each of the Western European countries. Inset zooms in
on period 1980-2019 for better readability. Source: Authors’ calculations based on data
from United Nations World Population Prospects 2022.
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Figure 4-S8. Additional births and missing births in the USA, 1950-2019. Notes: Areas =
children that were only (pointing upward) or were not (pointing downward) born in the
USA each year because the country did not experience the mortality conditions of the five
largest Western European countries beginning in 1950. Source: Authors’ calculations based
on data from United Nations World Population Prospects 2022.
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Figure 4-S9. Additional births and missing births in the USA, 1950-2049. Notes:
Areas=children that were only (pointing upward) or were not (pointing downward) born in
the USA each year because the country did not experience the mortality conditions of 21
other wealthy nations beginning in 1950. Source: Authors’ calculations based on data from
United Nations World Population Prospects 2022.
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Chapter 5
Discussion

Chapter word count: 5,817

5.1. Summary of this dissertation

5.1.1. Research aim of this dissertation

In the broader historical context, life expectancy trends in the 21st century have been
unusual. Widespread slowdowns in life expectancy gains in the decade 2010-2019 were
followed by extreme life expectancy losses during the COVID-19 pandemic. By 2023, few
countries had fully recovered from the pandemic mortality shocks, let alone returned to
their pre-pandemic life expectancy trajectories. Some countries, such as the United States
of America (USA) and the United Kingdom (UK), have experienced particularly
pronounced slowdowns, losses, and delayed recoveries in life expectancy and have fallen

far behind in international life expectancy rankings.

To date, most demographic research has focused on changes in life expectancy within
countries over time (the stagnation perspective) or on differences in the level of life
expectancy between countries at a given point in time (the shortfall perspective), leaving a
gap in our understanding of how these life expectancy shortfalls have changed over time
(the divergence perspective). Moreover, most sociological, demographic, and
epidemiological research on the exceptional life expectancy dynamics of recent years has
focused on developments in the USA, missing worrisome trends in other countries such as
the UK. As a result, our understanding of mortality trends outside the USA remains limited,

especially how these trends have contributed to the rising shortfalls of life expectancy

Page 194



laggards from their better-performing peers. In addition, the existing literature has focused
primarily on the causes of recent life expectancy trends, overlooking the fact that growing
life expectancy shortfalls may have consequences beyond the premature death of

individuals.

This dissertation aimed at assessing recent life expectancy trends in the USA and the UK
relative to other low-mortality countries before, during, and after the COVID-19 pandemic
in terms of their causes, as well as their consequences for population composition. It

addressed two research questions across three empirical chapters, as shown in Box 5-1.

Box 5-1. Main research questions investigated in this dissertation.

1. A) How have external and substance-related mortality, cardiometabolic
mortality, and COVID-19 mortality contributed to the growing life expectancy
shortfall of the USA and the UK before, during, and after the COVID-19
pandemic?

B) Which age groups drive the influence of external and substance-related
mortality and cardiometabolic mortality on life expectancy divergence?

C) What is the contribution of alcohol, drug, and suicide mortality (“deaths of
despair”) to the life expectancy divergence of the USA and the UK from other
low-mortality countries?

2. How did the growing life expectancy divergence between the USA and the UK

and other low-mortality countries affect population-level birth outcomes?
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5.1.2. Main contributions of this dissertation

Drawing on classical demographic analysis, this dissertation made three main contributions
to the literature. First, this dissertation emphasized the wvalue of applying an
underrepresented divergence perspective to the field of demography—in addition to the
more common stagnation perspective. By combining a variety of up-to-date, high-quality
data sources and state-of-the-art demographic decomposition and counterfactual methods,
this dissertation argued (a) that both types of mortality trends—stagnation and
divergence—are warning signs that population health is not developing as well as it could;
and (b) that the stagnation and divergence perspectives often complement each other by
leading to different—but not contradictory—conclusions about the causes and the

consequences of recent life expectancy dynamics.

Second, following the divergence approach, this dissertation provided novel empirical
evidence on the role of different age groups and causes of death in the widening life
expectancy gaps between the USA and the UK and other low-mortality countries. Focusing
on different time periods of varying lengths, it identified the contributions of external and
substance-related mortality, cardiometabolic mortality, and COVID-19 mortality to life
expectancy dynamics in the USA and the UK relative to other countries in the short,

medium, and long term.

Third, building on the well-established “population renewal” framework and recent
developments in “kinship demography,” this dissertation underscored the importance of
continued research efforts across the disciplinary subfields of demography. Guided by the

concept of the mortality—fertility nexus, it highlighted how population-level mortality and
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fertility dynamics can affect each other and that a narrow focus on “excess mortality” does

not capture the full consequences of life expectancy divergence.

In summary, by applying the divergence approach at the intersection of mortality and
fertility research and across different geographical and historical contexts, this dissertation
uncovered critical population dynamics in the USA and the UK that had previously gone
unnoticed in the sociological, demographic, and epidemiological literature. The following
subsection provides a detailed summary of the key findings and contributions of the three

empirical chapters.

5.1.3. Summary of the empirical dissertation chapters

Using the proposed divergence perspective, the three empirical dissertation chapters
provided new empirical insights into the causes and the consequences of the growing life
expectancy shortfalls of the USA and the UK relative to their better-performing peers

before, during, and after the COVID-19 pandemic.

Chapter 2 focused on England and Wales, two of the four constituent nations of the UK.
A previous study highlighted the divergence of England Wales life expectancy from the
median life expectancy in 22 other high-income countries between 2011 and 2016 (Leon
etal., 2019). While Leon et al. identified adult ages as important contributor to the growing
life expectancy shortfall of England and Wales relative to the median, it was unclear
whether this divergence would be observed more universally when England and Wales was
compared to individual countries. Moreover, while there has been ample research on the
causes of death underlying the life expectancy stagnation of England and Wales over time,

the drivers of its divergence from other countries were less known.
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Chapter 2 decomposed life expectancy gaps between England and Wales and 20 individual
high-income countries (19 European countries + USA) in 2019 using the contour method.
Using this method, Chapter 2 split the life expectancy gaps in 2019 into three additive
components: (1) due to mortality differences that already existed in 2011; (2) due to
mortality trends in England and Wales in 2011-2019; (3) due to mortality trends in the peer
country in 2011-2019. In line with the focus of this dissertation on growing life expectancy
shortfalls, Chapter 2 provided an in-depth examination of the country-specific trend

components.

Chapter 2 found that life expectancy gaps between England and Wales and most peer
countries worsened for both sexes in 2011-2019, except when compared to the USA and
the fellow UK constituent nations Northern Ireland and Scotland. While most peer
countries saw sustained mortality improvements across all adult age groups, England and
Wales saw virtually no improvements in the age group 15-44 and only minor
improvements in the age group 45-64. External and substance-related mortality improved
in most peer countries but increased in England and Wales, while cardiometabolic mortality

improved less in England and Wales and dementia mortality increased more.

Before this dissertation, it was not clear how COVID-19 and non-COVID-19 causes of
death contributed to life expectancy dynamics during the COVID-19 pandemic in an
internationally comparative perspective. Using cause-of-death data for 24 countries,
Chapter 3 identified the contributions to changes in life expectancy before (2015-2019)
and during (2019-2020, 2020-2021, and 2021-2022) the pandemic. Chapter 3 found that

mortality from causes of death other than COVID-19 increased in many countries during
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the pandemic, often driven by a rise in external and substance-related as well as

cardiovascular mortality.

An Addendum to Chapter 3 utilized these decomposition results to also estimate the
contributions of external and substance-related mortality, cardiovascular mortality, and
COVID-19 mortality to (a) the life expectancy stagnation of the USA and England and
Wales during the period 2019-2022; and (b) the growing life expectancy gaps between the
USA and England and Wales relative to Sweden before (2015-2019) and during (2019—
2022) the pandemic. In the Addendum to Chapter 3, COVID-19 mortality emerged as the
most important cause of death for male life expectancy stagnation in the USA, whereas
external and drug-related mortality combined was the most important cause for divergence
from Sweden before and during the pandemic. In contrast, cardiometabolic mortality was
the most important cause for both stagnation and divergence among males in England and

Wales in both periods, even exceeding the role of COVID-19 mortality.

Finally, Chapter 4 built on the analysis by Polizzi and Dowd (2024) reviewed in the
Introduction of this dissertation, which demonstrated that working-age mortality was the
main driver of the life expectancy divergence of the USA from other low-mortality
countries in 2010-2019. Using a counterfactual population projection approach and
fertility indicators from the population renewal framework, Chapter 4 estimated the number
of “missing births” in the USA: children that were never born because their potential
mothers or (great-)grandmothers died prematurely between 1950-2049. Following Bor et
al. (2023), “early death” in Chapter 4 was defined as all deaths before age 50 that could
have been avoided if the USA had experienced the average mortality trajectory of 21 “other

wealthy nations.” Chapter 4 estimated that around 200,000 children were not born in the
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decade 2010-2019 alone because their potential mothers or (great-)grandmothers died
prematurely. Based on forecasts of the USA life expectancy shortfall into the post-
pandemic period, the number of “missing births” is expected to increase even further by

2050.

In summary, this dissertation demonstrated the value of adopting a divergence perspective
alongside a stagnation perspective when examining the causes and the consequences of
recent life expectancy trends in the USA and the UK. External and substance-related
mortality and cardiometabolic mortality emerged as important causes of life expectancy
divergence in the USA and the UK relative to better performing peer countries—even if
they were not always the most important factors in life expectancy stagnation over time.
Moreover, consistent with the concept of the mortality—fertility nexus, this dissertation
found that the divergent trends in working-age and reproductive-age mortality in the USA
have had important implications for birth outcomes at the population level. These new
empirical findings and conceptual contributions of this dissertation will be important for
future theoretical and empirical work in sociology, demography, and epidemiology, as I

discuss next.

5.2. Discussion of the main findings of this dissertation

5.2.1. The divergence perspective

The application of the divergence perspective is a unifying element across the three
empirical chapters of this dissertation. The stagnation and divergence perspectives use
different benchmarks to assess life expectancy trends in a population, assuming either that

life expectancy (a) could improve like in an earlier period (stagnation); or (b) could
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improve like in other populations (divergence). Both benchmarks are meaningful and can

help identify warning signs that population health may not be developing as well as it could.

While at first glance, it appears that the two approaches should identify similar age groups
and causes of death as most important, often enough, this may not be the case. The
stagnation perspective picks up mortality trends that vary across time, whereas the
divergence perspective picks up mortality trends that vary across populations. Thus, from
the divergence perspective, mortality trends that are shared across populations, such as the
international slowdowns in retirement-age mortality shown by Polizzi & Dowd (2024), are
assumed to be less problematic and are often not identified as critical to life expectancy
dynamics. The case of the COVID-19 pandemic illustrates a potential shortcoming of the
divergence perspective, where an exceptional mortality development was identified as
relatively less important because it was shared across populations, as illustrated in the
Addendum to Chapter 3. In contrast, the stagnation perspective may overstate the
importance of less problematic mortality trends just because they represent a departure
from previous trajectories, whereas the approach will correctly identify mortality shocks as
relevant even if they are shared across populations. Given the different perspectives of the
stagnation and divergence approaches, the joint application of the two approaches should

become more common practice in demographic analysis.

The application of the divergence perspective in demography has been facilitated by the
development of new decomposition methods, such as the contour method applied in
Chapter 2. The use of this method is still limited in demographic research, possibly due to
difficulties related to the presentation and visualization of the more complex decomposition

output. An extension of the contour method that identifies contributions from both age and
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cause of death has only recently been developed, and this dissertation contains the first
empirical application of this two-dimensional contour decomposition. While the two-
dimensional method is computationally intensive and only allows for the inclusion of a few
broad cause-of-death categories, less computationally demanding algorithms can also be
used to identify the age- and cause-specific contributions to changing life expectancy gaps,
as shown in the Addendum to Chapter 3. While these simpler algorithms may be less
appropriate if the aim is to obtain the additive contributions of baseline mortality
differences and mortality trends—Iike in the contour decomposition—they may lead to

similar conclusions if the focus is solely on the trend component(s) (Abrams et al., 2021).

In addition to decomposition analysis, the divergence perspective may also be applied
within a counterfactual framework, as in Polizzi & Dowd (2024). To my knowledge, there
has been no systematic comparison of different decomposition and counterfactual
approaches to identify the causes of life expectancy divergence. However, existing
counterfactual and decomposition studies appear to point to similar conclusions about the
relative importance of different age groups and causes of death in life expectancy
divergence (Ho, 2019, 2022). This suggests that both decomposition and counterfactual
approaches can be used when investigating the causes of growing life expectancy

shortfalls.

5.2.2. Ages and causes of death

Working ages. With very few exceptions, working-age mortality generally improved in
low-mortality countries during 2010-2019, but stagnated or increased in the USA and the
UK (see Figure 1-4, for example). Consistent with the unique strength of the divergence

approach to identify internationally exceptional mortality trends, the contributions of
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working ages to the international life expectancy rankings of the USA and the UK were
substantively larger than suggested by the stagnation perspective. This underscores the
added value of benchmarking mortality developments against those seen in other countries.
The working-age mortality trends in the USA and the UK are clearly concerning. Working-
age mortality in these two countries ranked nowhere near the top in international
comparisons, eliminating potential “floor effects”—where mortality levels are already so
low that further reductions cannot be expected—as excuse for these problematic trends. In
addition, working-age mortality even increased in the USA in 2010-2019, an altogether

unjustifiable development.

Retirement ages. For retirement-age mortality, I observed patterns opposite to those for
working-age mortality. The contributions of these age groups were large for life expectancy
change and stagnation, but smaller for life expectancy divergence—although mortality
improvements were still smaller in the USA and the UK than in the comparison countries.
Slowdowns in mortality improvements at retirement ages in 2010-2019 were more widely
observed across high-income countries, and slowdowns in the USA and the UK were not
too obviously different from those in other countries (see Figure 1-4), explaining their
smaller contributions to divergence vs. stagnation. Because improvements in retirement-
age mortality were small across the board, the implicit assumption of the divergence
approach is that they should be seen as less problematic, even if they represent less

favorable trends relative to an earlier decade.

Based on forecasts of historical mortality rates, Djeundje et al. (2022) found that

slowdowns in mortality improvements above age 50 would have been expected in many

countries after 2010. However, observed slowdowns were often even smaller than forecast
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in their models. This implies that the divergence perspective proposed in this dissertation
may understate the importance of the slowdowns in mortality improvements at retirement
ages. This underscores again the benefit of applying the stagnation and divergence
perspectives jointly to better assess life expectancy trends. As discussed below, several
causes of the extraordinary slowdowns in mortality improvement at retirement ages in
high-income countries have been proposed. However, we still require a better
understanding of these causes and an assessment of how problematic the recent slowdowns

in retirement-age mortality really are in a historical perspective.

External and substance-related mortality. This dissertation focused on recent dynamics in
external and substance-related as well as cardiometabolic mortality and their role for life
expectancy stagnation and divergence. Changes in external and substance-related mortality
in the USA and the UK have mostly been concentrated at working ages. As a result, trends
in external and substance-related mortality mirrored trends in all-cause mortality for that
age group: while external and substance-related mortality increased in the USA and the UK
in 2010-2019, most peer countries saw continued improvements. Thus, trends in external
and substance-related mortality generally contributed more to life expectancy divergence

than to life expectancy stagnation in the USA and the UK.

Research on the USA has often analyzed trends in deaths from alcohol, drug, and suicide
mortality together, arguing that they reflect “deaths of despair” (Case & Deaton, 2021).
Some other work has challenged the usefulness of a joint analysis of “deaths of despair,”
arguing that the three causes of death have different aetiologies and follow different trends
across population subgroups (Masters et al., 2018; Simon & Masters, 2021; Tilstra et al.,

2021). For this reason, my analysis of these three causes of death followed two strategies:
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(a) “deaths of despair” were analyzed together with other external causes as “external and
substance-related causes” (Chapter 2); or (b) alcohol, drug, and suicide mortality and
mortality from other external causes were analyzed separately (Chapter 3). The analyses in
Chapter 3 and the Addendum to Chapter 3 support arguments that “deaths of despair”
should be analyzed separately. The three causes of death did not always trend in the same
direction and showed different patterns for males and females, even in an economically
challenging period like the COVID-19 pandemic. Particularly concerning were the large
increases in alcohol-related mortality during 2019-2022 across countries, while
corresponding increases in drug and suicide mortality were not always seen. Further
research on how closely alcohol, drug, and suicide mortality are tied to short- or long-term
feelings of “despair” (Gutin et al., 2023) and which role “structural determinants of health”
(Bambra et al., 2019), such as fiscal austerity (Walsh & McCartney, 2025), financial relief
(Simon & Masters, 2024), and regulation of prescriptions drugs (Simon & Masters, 2024),

play for short- or long-term trends of these causes of death remains necessary.

Trends in “deaths of despair” in the USA were overwhelmingly driven by drug-related
deaths. My findings suggest that the role of drug-related mortality has not lost its relevance
for explaining the life expectancy divergence of the USA from better-performing peers. In
the period 2003-2013, drug-related mortality alone explained on average 34% (females)
and 19% (males) of the widening life expectancy gap between the USA and 17 high-income
countries (Ho, 2019). Similarly, I found that, the contribution of drug-related mortality to
the widening gap with Sweden was 18.0% (female) and 40.7% (male) in 2015-2019. In
2019-2022, the respective contributions were 16.2% and 24.9%. There are now some signs
that drug-related mortality is levelling off in the USA and Scotland (Angus et al., 2023;

Spencer et al., 2024), though the mechanisms behind this trend change are not well
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explored yet. Continuous monitoring of the role of drug-related mortality for life
expectancy divergence between the USA and the UK and other countries will remain

important in the future.

Cardiometabolic mortality. In the UK, slowdowns in cardiometabolic mortality have also
contributed to adverse working-age mortality trends. A previous study found that
slowdowns in mortality improvements in coronary heart disease below age 54 were
particularly pronounced in the UK and hypothesized that the rising prevalence of obesity
and diabetes across birth cohorts may be responsible for this trend (Nichols et al., 2013).
Another study found that shifts in the BMI distribution over the last decades may have
substantially contributed to life expectancy stagnation in the UK (Walsh et al., 2022).
Similarly, research on the USA has suggested that the high obesity prevalence in the
country may explain a large part of its (growing) shortfall from life expectancy levels seen
in other countries (Olshansky et al., 2005; Preston & Stokes, 2011). Limited additional
gains from smoking reductions in the USA and the UK, where smoking prevalence is
already quite low, have also been suggested as explanations for the slowdown in
cardiometabolic mortality improvements, including at retirement ages (Lopez & Adair,
2019). However, existing empirical evidence does not provide strong evidence for the
smoking hypothesis so far (Acosta et al., 2022). Some authors have also argued for
potentially detrimental effects of financial hardship on cardiometabolic mortality as a result
of financial austerity in the UK, potentially mediated through stress and related behavioral
pathways (Walsh & McCartney, 2025). Potential floor effects due to reaching low
cardiometabolic mortality are most likely not an explanation, since some countries with
lower cardiometabolic mortality levels than the USA and the UK have seen continued large

improvements (Ho & Hendi, 2024).
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Cardiometabolic mortality trends during the COVID-19 pandemic, and their contributions
to life expectancy stagnation and divergence, are hard to interpret. Evidence from the USA
points to substantial misreporting of COVID-19 deaths as cardiometabolic deaths (Paglino
et al., 2024). However, we still lack comparable evidence from other countries. Moreover,
previous COVID-19 infection is linked to higher risk of incident cardiovascular disease
(Xie etal., 2022), suggesting that improvements in cardiometabolic mortality may continue
to stall in the future, with heterogeneous trends across countries reflective of their COVID-
19 burden. On the other hand, development of GLP-1 agonist drugs for diabetes and weight
loss may contribute to a reduction in obesity prevalence and cardiometabolic mortality in

the future (Mehta & Dowd, 2024).

Overall, the contributions of cardiometabolic mortality to recent life expectancy trends are
an active field of research (Abrams et al., 2021; Acosta et al., 2022; Mehta et al., 2020).
Nonetheless, many open questions remain, particularly about the contributions of
cardiometabolic mortality to life expectancy changes during the COVID-19 pandemic.
Until more reliable data become available, including internationally comparable cohort
data and data on cardiometabolic risk factors, conclusive statements about the drivers of

recent cardiometabolic mortality trends will remain difficult (Dowd et al., 2024).

5.2.3. The mortality—fertility nexus

Chapter 4 of this dissertation used formal demographic indicators and counterfactual
population projections to quantify the mortality—fertility nexus. Formal demographic
indicators of the mortality—fertility nexus have a long history in demography but are rarely
used in low-mortality contexts because mortality before the end of the reproductive period

is often considered too low to affect these indicators in meaningful ways. While this may
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be true in absolute terms, the negative impact of early mortality on fertility in the USA is
large compared to other high-income countries. Thus, one important contribution of
Chapter 4 of this dissertation is to argue for the more widespread use of mortality—fertility
indicators, such as the reproduction—survival ratio, and counterfactual methods to identify
the indirect effects of mortality on population-level birth outcomes—especially from a

comparative shortfall perspective.

The usefulness of mortality—fertility indicators is not restricted to mortality analysis. A
recent study by Baudisch & Polizzi (2024) compared mortality—fertility indicators to
classical fertility indicators that do not incorporate mortality information. They found that
classical fertility indicators provide biased estimates of fertility age patterns at the
population level. Thus, the more widespread use of mortality—fertility indicators from the
population renewal framework offers the potential to improve the accuracy of demographic

analysis across disciplinary subfields.

In a similar vein, a recent follow-up study to Chapter 4 of this dissertation applied a
stagnation perspective to estimate the consequences of the COVID-19 pandemic for
population composition. Assuming that demographic conditions had continued to develop
like they would have in the absence of the COVID-19 pandemic, Tilstra et al. (2024)
estimated the number of people missing from the USA population because of the
pandemic’s joint effects on mortality, fertility, and migration. Inclusion of migration into
the mortality—fertility nexus proposed in Chapter 4 represents an important advancement
and a step towards an even more holistic demographic analysis. For example, some
previous work has extended indicators from the population renewal framework, such as the

net reproduction rate (NRR), to account for the influence of migration (Preston & Wang,
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2007). Along with Chapter 4 of this dissertation, this work emphasizes the importance of
considering the interplay between different demographic processes when assessing how

change in one process affects population composition.

5.3. Evaluation of data and methods

This dissertation took a largely historical perspective—using mortality data observed
through 2022—to understand drivers of mortality trends in the USA and the UK relative to
other low-mortality countries. This focus on past mortality trends is an inherent
characteristic of the discipline of demography. We are only able to analyze mortality trends
after the underlying deaths have been registered by national authorities and the associated
death rates have been distributed through openly accessible databases. Several authors have
criticized this delay in data reporting and dissemination for hindering timely analysis of

and response to short-term changes in population health (Ho & Hendi, 2018).

For example, while Chapter 2 argued to go beyond comparisons using median life
expectancy as the only benchmark, the lack of available international cause-of-death data
through 2022 restricted the analysis in the Addendum to Chapter 3 to a comparison of the
USA and the UK with Sweden. Thus, the results of this divergence analysis may have been
driven by the specific patterns of life expectancy change in Sweden. It remains to be seen
whether the findings presented in the Addendum to Chapter 3 will generalize beyond the

specific comparison with Sweden as more recent data on causes of death become available.

However, even if more timely cause-of-death data were available, international analyses of

these data would be affected by cross-country differences in reporting, that is, the

propensity to assign a particular cause of death to a particular decedent. In addition, the
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World Health Organization Mortality Database—probably the most widely used database
for comparative cause-of-death analysis—provides data only by underlying cause. Thus,
comparative analysis is further confounded by differences in the propensity to assign a

particular cause of death as underlying vs. contributory.

For example, the increase in dementia mortality seen for England and Wales and the 20
comparison countries in Chapter 2 was most likely due to changes in dementia reporting
(dementia being more common on the death certificate) and coding practices (dementia
being more common as the underlying cause of death). Since the additional dementia
deaths would have otherwise been assigned to different causes of death, such as
cardiometabolic mortality, trends over time in these other causes may have appeared more
favorably than they actually were. Changes in cause-of-death reporting may distort the
results of divergence analysis if they occur at different speeds across populations. For
example, a country with an early increase in dementia awareness may reach a point where
cardiometabolic deaths are no longer coded as dementia deaths sooner than other countries.
After this point, cardiometabolic mortality trends for this country may appear less favorable
in international comparisons. Whether this phenomenon accounts for some of the
unfavorable trends in cardiometabolic mortality in the USA or the UK compared with other

high-income countries would be an interesting avenue for further research.

Variations in cause-of-death reporting also emerged as a potential source of bias in the
analysis of mortality trends during the COVID-19 pandemic in Chapter 3. Research based
on USA data suggests that COVID-19 deaths were often assigned to other natural causes,
such as CVD. Consistent with this, I observed large life expectancy losses in the USA and

the UK due to non-COVID-19 mortality, particularly CVD mortality. Even larger declines
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due to CVD were observed in some Central and Eastern European countries such as
Bulgaria. In contrast, other countries showed continuous improvements in CVD mortality.
Whether these patterns reflect differences in COVID-19 testing capacity, willingness to
assign COVID-19 as the underlying cause of death, and/or true increases in CVD mortality
cannot be determined from the data in Chapter 3 alone. This highlights the need for further
comparative analyses of the propensity to code COVID-19 deaths as due to other causes
and to adjust the analysis of life expectancy change, stagnation, and divergence based on

these findings to reveal the true burden of COVID-19 and non-COVID-19 mortality.

Because of the aforementioned lag in data dissemination, the extraordinary life expectancy
trends before and during the COVID-19 pandemic are still poorly understood, especially
from a comparative perspective. Curiosity about what’s coming and what to prepare for
have led demographers and actuaries to develop sophisticated methods for forecasting
mortality, fertility, and migration conditions into the future (Basellini et al., 2023; Booth &
Tickle, 2008). Chapter 4 of this dissertation used forecasts from the United Nations World
Population Prospects to estimate the long-term consequences of the growing USA life
expectancy shortfall. However, most forecasting methods are extrapolative, meaning that
they largely assume a continuation of past mortality trends. The data used in Chapter 4
explicitly include the assumption that life expectancy will return to its pre-pandemic
trajectory within a few years after the COVID-19 pandemic. Available evidence suggests
that life expectancy in many countries had not returned to pre-pandemic levels by the end
of 2023 (Huang et al., 2024). Moreover, the return to pre-pandemic levels of life
expectancy appears to be somewhat slower for the USA than for other high-income
countries (Scholey et al., 2022). At the time of writing this dissertation—in January 2025—

it is still difficult to know whether this had changed by 2024. If USA life expectancy
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remains below the levels projected by the United Nations, the estimates of the mortality-
related fertility loss in Chapter 4 may be too conservative. Deviations from forecasted
mortality trends could also be exacerbated by unanticipated deteriorations in population
health in the future, such as a further escalation of the opioid crisis or the potential negative
health consequences of a second Donald Trump presidency (Woolhandler et al., 2021). At
the time of writing this dissertation, there is also a growing concern that President Trump
may restrict federal funding for population health research as well as the dissemination of
timely population health data. To the best of their ability, demographers should continue
their research within these constraints to draw attention to a potential further deterioration
of population health and its consequences for population composition in the post-pandemic

cra.

The individual dissertation chapters discussed potential legal, political-economic, and
commercial drivers (Montez et al., 2021) of the life expectancy divergence of the USA
(e.g., overprescription of opioids) and the UK (e.g., fiscal austerity) from their better-
performing peers. However, this dissertation did not empirically test these factors or
provide an assessment of their relative importance. As such, this dissertation is
predominantly concerned with the “symptoms” (Zajacova & Montez, 2017) of poor
population health. Investigating the “structural determinants” (Bambra et al., 2019) of the
growing life expectancy shortfalls of the USA and the UK will require different (individual-
level) data and methods than those used in this dissertation but will further aid our
understanding of the manifold factors causing life expectancy in some countries to lag
behind, as well as the consequences that these growing life expectancy shortfalls have for

population-level outcomes, such as birth counts.
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Future research on the causes and the consequences of growing population health shortfalls
will also need to consider additional indicators beyond life expectancy at birth. While
period life expectancy is one of the most widely used indicators of population health, it
only takes into account mortality information, whereas health is a more complex construct
that can be measured using objective data (e.g., diagnosed diseases) or self-reports of
individuals (Wu et al., 2013). In the USA and the UK, improvements in healthy life
expectancy, the expected number of years spent in good health, have not kept pace with
improvements in life expectancy (Permanyer & Bramajo, 2023; Welsh et al., 2021),
suggesting that people in these two countries are spending an increasing proportion of their
lives unhealthy and that the population health shortfalls in these two countries are

potentially even larger than shown in this dissertation.

Through examining growing life expectancy shortfalls and the causes and the
consequences of why some countries are doing so much worse than others, this dissertation
took a quite pessimistic perspective. However, it is equally important to explore more
optimistic perspectives, such as why some countries are doing exceptionally well and
converging with previously better-performing peers. For example, Figure 1-1 in the
Introduction shows that life expectancy at birth in the Republic of Korea increased by about
three years between 2010 and 2019, moving South Korea from 18th to 5th place among the
37 countries in the Human Mortality Database. In addition, the Republic of Korea
experienced low mortality from COVID-19 in 2020 and 2021 (Figure 1-2). Demographers
are only beginning to understand the reasons for Korea’s exceptional life expectancy
improvement (Yang et al., 2010). The divergence perspective proposed in this dissertation,
combined with the high-quality cause-of-death data and state-of-the-art decomposition

methods, could also be used to identify the factors relevant to Korea’s rapid gains in life
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expectancy relative to other countries. Knowledge of these factors could potentially help
life expectancy laggards such as the USA and the UK close existing gaps with their better-

performing peers.

To summarize, this dissertation used a previously underutilized divergence perspective in
combination with the most recent mortality data available at the time of writing to provide
novel empirical evidence on the causes and the consequences of growing life expectancy
shortfalls in the USA and the UK. Questions about some of the mortality trends uncovered
in this thesis remain, but these will require more up-to-date, internationally comparable
data on multiple causes of death, preferably at the individual rather than the population
level. Thus, this dissertation serves as starting point for important future sociological,
demographic, and epidemiological work on mortality trends among life expectancy
laggards such as the USA and the UK, but also among life expectancy leaders such as

Japan, Hong Kong, and the Republic of Korea.

5.4. Conclusion

The USA and the UK are in the midst of various social and mortality crises. Population
health in these countries is deteriorating—or at least improving more slowly than in
comparable countries—claiming many preventable deaths every day. If anything, the
COVID-19 pandemic has only exacerbated these trends. Better life expectancy levels have
long been achievable, and former life expectancy laggards in Central and Eastern Europe
and Asia have proven that rapid gains in life expectancy are possible. The road to better
population health may be long and require additional public health efforts. This dissertation
presented novel and robust evidence on the factors currently keeping the USA and the UK

from achieving better life expectancy levels faster. Hopefully, we will soon be able to
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investigate the causes and consequences of the extraordinarily rapid reductions in the life

expectancy shortfalls of these two countries.
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