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Abstract

Studies suggest that, relative to adjacent cohorts, baby boomers in Canada and the United States have
experienced a slowdown, or even a deterioration, in mortality improvements. These findings are
counterintuitive and surprising since the unprecedented improvements in early life conditions experienced by
baby boomers should have led to declines in morbidity and mortality in later life, as was the case for earlier

generations.

The present study explores the mechanisms that could have produced this “excess” mortality among the baby
boom cohortts in Canada and in three racial/ethnic groups in the United States. Using micro-level mortality
data from vital statistics systems, we analyzed the contributions of the causes of death that are likely driving
this cohort’s excess mortality, and their dynamics over time. The analyses were done using demographic

decomposition, visual, and statistical methods.

We found evidence of a higher susceptibility of the trailing edge boomers (those born around 1960) to
behavioral causes of death: namely, mortality from drugs, alcohol, HIV/AIDS, hepatitis C, COPD, and
suicide. Most of these causes contributed to the all-cause mortality disadvantage of baby boomers through
sustained cohort effects that followed the cohorts over time. This finding calls into question the assumption
that secular improvements in early life conditions lead to a monotonic decline in cohort mortality rates.
Instead, there may be important disruptions in the continuous progress in health and mortality, and it is
possible that the baby boom generation represents one such disruption. This insight calls for a rethinking of
the mechanisms that drive current age-period-cohort mortality patterns. The mechanisms that can generate
the observed cohort disadvantage of baby boomers — such as the higher levels of distress and frustration as
well as the riskier attitudes toward drug use and sexual practices that are constituent of the boomer generation

identity — are addressed and discussed.
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1. Introduction

Previous research has established that all-cause mortality improvements slowed down or even
reversed among baby boomers in Canada (Bourbeau and Ouellette 2016) and the United States
(Canudas-Romo and Guillot 2015; Rau et al. 2013). These findings were unexpected, and they were
especially surprising given the outcomes proposed by the technophysio evolution theory. According
to this theory, the unprecedented gradual improvements in early life conditions experienced in
recent history — such as better nutrition, reduction of infectious diseases, enhanced medical
measures, and higher levels of education — have led to massive declines in mortality across birth
cohorts (Floud et al. 2011; Fogel and Costa 1997). Other studies focusing on specific causes of death
also identified mortality disadvantages for U.S. baby boomers with respect to overdoses (Chauvel et
al. 2016) and other external causes (Remund et al. 2018; Zang et al. 2019). Moreover, it has been
shown that U.S. boomers report being less satisfied with their health than adjacent birth cohorts,
and that they tend to have a high prevalence of obesity, diabetes, hypertension,
hypercholesterolemia, substance and alcohol abuse, as well as functional limitations (Duncan et al.
2010; King et al. 2013; Leveille et al. 2005; Martin et al. 2009). There are at least four alternative
mechanisms that may drive this “boomer penalty” in mortality. First, the relatively low levels of
mortality at early ages among baby boomers could have increased the health heterogeneity within
the cohort, resulting in a decrease of the average physiological capital of its members (Canudas-
Romo and Guillot 2015). Second, the large sizes of the boomer cohorts, compounded by the wide
range of socioeconomic contexts they experienced in childhood and adulthood, may have increased
the prevalence of stress and frustration among the members of this generation (Easterlin 1987).
Third, the distinctive attitudes toward risk and the risk-taking behaviors associated with the
boomers’ generational identity could have increased their mortality risks (Johnston 1991). Finally,
the slowing or absence of mortality improvements observed among the boomers may have little to
do with the usual cohort effects, and might instead result from the many unrelated period crises that

affected these cohorts at different life stages.

Although this phenomenon has contributed substantially to the mortality patterns in several western
societies, the boomer disadvantage in mortality is still poorly understood. The existing studies on
this topic have tended to emphasize long-term cohort changes, while overlooking short-term relative

differences across adjacent cohorts. The research to date on the boomers’ excess mortality has not



determined its causes or described its temporal dynamics. Furthermore, there is still uncertainty
about whether the composition and the temporal patterns of excess mortality in the boomer

generation are similar across sexes, race, ethnicities, and countries.

This paper attempts to compare the cause-specific contributions to the excess mortality among baby
boomers, and the temporal patterns of these contributions. This study has two primary objectives: 1)
to examine the causes of death underlying the excess mortality among baby boomers in Canada and
the United States; and 2) to determine whether this disadvantage is the result of a sequence of
unrelated period crises that disproportionately affected the boomer cohorts at different ages, or of a
sustained, cause-specific disadvantage that has followed the boomers throughout their life course. In
other words, we aim to determine whether the boomers’ excess mortality resulted from a series of
temporary “bruises” aligned diagonally in the Lexis configuration, or from lasting “scars” with
lingering effects (Chauvel 2013; Ellwood 1982). The methodological approach taken in this study is
based on decomposition techniques, age-period-cohort (APC) statistical models, and visual tools for
analyzing the temporal dynamics of nonlinear effects. These methods were applied to mortality data

retrieved from the Canadian and the U.S. vital statistics systems.

To our knowledge, this is the first comprehensive analysis of the composition and the temporal
dynamics of the disadvantage in mortality among baby boomers in Canada and across races and

ethnicities in the United States.

2. Data and Analytical Strategy

2.1. Data sources

Death counts for all-cause mortality for both countries between 1959 and 2016 were obtained from
the Human Mortality Database (2019). Mortality data by cause were retrieved from available vital
statistics. For Canada, death counts by sex, calendar year, single year of age (0-100), and cause of
death between 1974 and 2014 were aggregated from the Vital Statistics - Death Database (CVSD)
(Statistics Canada 2018). For the United States, death counts by cause, sex, race, ethnicity, calendar

year, and single year of age between 1974 and 2016 were retrieved using mortality microdata from



the National Center for Health Statistics (2018). Information about race and ethnicity has been

included in U.S. death certificates since 1990, but is unavailable for Canada.

The period under analysis spans three International Classification of Diseases (ICD) revisions (8",
9" and 10™). Table S1 (in the supplement material) shows the codes used to identify mortality by
major causes of death in each ICD revision. For these broad categories, we found no important

disruptions in the trend of mortality from these causes during the observed period of time.

Annual counts of the Canadian and the U.S. population at risk by sex and single year of age (0-100)
between 1959 and 2016 were taken from the Human Mortality Database (2019). Estimates of the
racial/ethnic proportions within the U.S. population between 1990 and 2016 were obtained from the

Bridged-Race Population Estimates (NVSS 2019).

2.2. Analytical Strategy

We analyzed the excess mortality among baby boomers in four steps. We first located the cohorts
with the smallest and the largest mortality deviations from the linear trend, and called them,
respectively, the advantaged and the disadvantaged cohorts. Second, we identified the leading causes that
contributed to these mortality deviations. Third, for each of these leading causes, we estimated the
cohort effects on mortality when age and period variations are accounted for. Fourth, we analyzed
the temporal dynamics of these cohort effects by cause. Because Canadian and U.S. populations are
highly heterogeneous in terms of race and ethnicity, and mortality differs considerably between these
groups (Masters 2012; Woolf et al. 2018; Zang et al. 2019), we also conducted the above analyses
separately for three racial/ethnic groups in the U.S. population: namely, Non-Hispanic blacks
(NHB), Hispanics, and Non-Hispanic whites (NHW). For the sake of clarity, we present for each
step of the analysis a detailed description of the methods used, immediately followed by a summary
of the results obtained from the application of these methods. All of the data and code for

reproducing analyses and results are openly available in (Acosta 2020).



3. Analysis of the Boomers’ Excess Mortality

3.1. Cause-specific contributions to the boomers’ excess mortality

To decompose the excess mortality among boomers by leading causes of death, we first identified
those cohorts located at the beginning (advantaged) and the end (disadvantaged) of the relative
deterioration in mortality. Second, we identified the leading causes of death responsible for this

deterioration.

Identification of the advantaged and disadvantaged cohorts

We first plotted Lexis surfaces of smoothed mortality changes from one period to the next within
the same age (see Figure 1), and then pinpointed the cohorts located at the onset and at the end of
the deterioration in mortality — i.e., the advantaged and the disadvantaged cohorts, respectively. The
smoothing of mortality rates was performed using two-dimensional P-splines. Additional
information about the smoothing process, the estimation of the relative changes in mortality, and

the construction of the Lexis surfaces is presented in the supplementary materials.



Figure 1. Lexis surfaces of mortality changes over periods/cohorts.

Females - United States &% g% o o

Females - Canada \ca‘f«?f"@";’?*”,\ca‘f‘i*‘/,\ca‘“f’v'

70 N
65
60
55
g g,
< <C

45

40

35

30

25

20

1975 1980 1985 1990 1995 2000 2005 2010 2015
Period Period

Males - Canada ‘b° Males - United States
70 = ST

65
60
55

50

Age
Age

45

40

35

30

25

20
1975 1980 1985 1990 1985 2000 2005 2010 2015 1975 1980 1985 1990 1995 2000 2005 2010 2015

Period Period

Mortality change over periods/cohorts (%)

0 0.6 1.5 8.3

Notes: Read horizontally from eatlier to more recent calendar years/cohorts. The green-to-blue scale
indicates the mortality rate decline for year # compared to year 1 (or cohort ¢ compared to cohort ¢1) at the

same age, and the yellow-to-red scale indicates a relative mortality increase between consecutive calendar



years/cohortts. For example, if we examine age 50 for U.S. females, we see that the death rate decreased over
time, reaching its minimum value in 2000 (i.e., cohort 1950). We can also see that from 2000 to 2006, the
death rate increased over time, reaching its maximum value in 2007 (i.e., cohort 1956). The diagonal black
dashed lines indicate the proximate location of the advantaged and the disadvantaged cohorts for each

subpopulation.

The diagonal patterns shown in Figure 1 indicate that the advantaged and the disadvantaged birth
cohorts were centered in 1940 and 1960, respectively (black dashed lines). To identify the precise
locations of these cohorts in the Lexis configuration, we needed to compare the mortality rates
across cohorts. For this purpose, we proposed an index of the cohort’s partial mortality rate
(CPMR¢®D) This index was the sum of the age-specific death rates along the cohort ¢, between
ages £ and / See the supplementary materials for more details about the formulation and attributes

of the CPMRC&D,

Since our goal was to identify relative and not absolute mortality changes, we based our analysis on
the deviation from the linear trend in mortality. We obtained the linear trend by applying a linear
regression over the CPMRS®D estimates between the cohorts 1940 and 1960. The cohorts with the
largest negative and positive differences relative to the linear trend were labeled, respectively, as the
adpantaged and the disadvantaged cohorts. To compare mortality rates across cohorts over the longest
possible lifespan, we estimated the CPMR®Y for the age interval 35-54 between the cohorts 1940
and 1960. These estimates cover the period 1975-2014, as 2014 was the last year for which

information about causes of death was available for Canada.

Figure 2 displays the estimates of CPMR1940B55%) ¢ CPMR'60G554) (5olid lines), as well as the
respective linear trends (dashed lines). As expected, the analysis showed that males had higher levels
of mortality than females within each country. Mortality was considerably higher in the United States
than in Canada (~40% higher for females and ~70% higher for males). Indeed, for the cohorts born
at the end of the 1950s, the mortality levels of U.S. females and Canadian males were quite similar.
In absolute terms, the male and female CPMR G559 deteriorated in the United States, whereas in

Canada, mortality improvement stagnated, but mortality did not deteriorate.

Figure 2 identifies the cohorts with the largest negative and positive deviations from the

CPMRCB>5¥ linear trend. These cohorts are labeled, respectively, the advantaged (circles) and the



disadvantaged (triangles) cohorts. Whereas the advantaged cohorts are located in proximate birth
cohorts for all subpopulations (between 1947 and 1949), the disadvantaged cohorts of U.S. males
were born considerably earlier (1952) than the disadvantaged cohorts of the other groups (between
1957 and 1960). The selection of the disadvantaged cohorts for Canadian males and U.S. females
was not as straightforward as it was in the other cases. To test the consistency of our estimates, we
performed sensitivity tests in which we changed the location of the disadvantaged cohorts and the
cohort intervals under observation. These estimates are presented in the supplemental materials

(Figures S5.3 to S5.5).

Figure 2. Cohort’s partial mortality rate within the age interval 35-54
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Decomposition of the cohorts’ excess mortality by cause of death

After we established the precise locations of the advantaged and the disadvantaged cohorts using
the CPMRCG55% | we proceeded to decompose the mortality changes between the two cohorts

(ACPMR4~B3550) by causes of death. See the supplementary materials for additional information

about this decomposition.

The decomposition of ACPMR4~4B55%) into broad categories of causes of death showed that the
largest contributions to the deterioration in mortality across cohorts, regardless of country and sex,
were from external causes, infectious and parasitic diseases, diseases of the digestive system, mental
and behavioral disorders, and diseases of the respiratory system. In all subpopulations, the

contributions of external causes and infectious diseases were especially large (see Figure S5.1 in the

supplemental materials).

Next, we disaggregated these broad causes into more detailed causes of death and re-estimated their
contributions to mortality changes. The ICD codes used to identify deaths from these causes are
detailed in Table S2 in the supplemental materials. The six causes with the largest positive
contributions to mortality changes (i.e., mortality deterioration) across cohorts were those related to
alcohol, drugs, HIV/AIDS, hepatitis C, chronic obstructive pulmonaty disease (COPD), and suicide
(see Figure S5.2 in the supplementary materials). These six leading causes of together contributed
~75% - 80% of the total positive changes in mortality from the advantaged to the disadvantaged
cohorts in all groups (Figure 3). The relative cause-specific contributions were consistent across
subpopulations, with two exceptions. First, for U.S. males, HIV/AIDS was the cause that made the
largest positive contribution, whereas for the other groups, the cause that made the largest positive
contribution was drugs. Second, for Canadian males, the relative contribution of suicide (~25%) to
the total positive changes in mortality was considerably larger than in any other group (~5-10%). In
the next steps of the analysis, we focus on these six leading causes of death as we attempt to

determine the magnitude of the cause-specific cohort disadvantages and their temporal dynamics.



Figure 3. Cumulative contribution to positive ACPMR%~%355% (j e, mortality deterioration)
by cause between the advantaged and the disadvantaged cohorts
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The estimates from the ACPMR reported in Figure 3 were useful for identifying the

causes of death that made the largest contributions to the relative deterioration in mortality from the
adpantaged to the disadvantaged cohorts. However, to propetly assess the cohort penalty by cause of
death, we need to account simultaneously for variations over the three age-period-cohort
dimensions (A further discussion on this topic is presented in the supplementary materials). We
should, however, note that the use of APC models has been challenged because of the well-known

tdentification problem, in which the perfect multicollinearity between the variables (cobort = period — age)



results in an infinite number of solutions with an identical fit. While several attempts have been
made to solve this problem by imposing arbitrary restrictions on the APC models (e.g., constrained
generalized linear (Fienberg and Mason 1985) and intrinsic estimator (Yang et al. 2004) models),
these approaches have been strongly criticized (Bell and Jones 2013; Fienberg 2013; Fosse and
Winship 2018, 2019; Luo 2013).

Nevertheless, this limitation of the APC models is exclusively related to the partition of the linear
trend (i.e., linear effects) into age, period, and cohort components (Rodgers 1982). In the present
study, we were not interested in decomposing the linear effects, but were instead concerned with
analyzing the deviation of the mortality of the boomer cohorts from the linear trend. As these
divergences from the linear trend — which are also referred in the APC literature as nonlinear effects,
curvatures (Holford 1983), or humps (Chauvel et al. 2016; Remund et al. 2018) — were unaffected by
the constraints chosen for the model identification, they were unambiguously identifiable (Clayton

and Schifflers 1987; Holford 1983; Rodgers 1982).

For the analysis of the cohort effects on mortality by cause, we estimated the relative mortality risks
across cohorts (i.e., the nonlinear cohort effects) using a cohort-detrended APC model (APCd)
(Carstensen 2007; Chauvel 2013). In this approach, the linear trend is attributed entirely to variations
over age and period dimensions, which results in a series of cohort components with zero slope.
Under this parameterization, the logarithm of the cohort effects can be interpreted as relative risks
with respect to the overall linear trend (Carstensen 2007; Holford 1991). To estimate the APCd
model, we grouped ages, periods, and cohorts into two-year categories, and fitted splines to a

Poisson model, using the R package Epi (Carstensen et al. 2019).

Comparisons between Canada and the United States

Figure 4 and Table S3 show the relative risks and confidence intervals obtained from the APCd
model by country, sex, and cause of death (see Figure §5.6 in the supplemental materials for a
facetted version of Figure 4). In all boomer groups, the largest cohort disadvantages were observed
for hepatitis C, HIV/AIDS, and drug abuse mortality (with relative risks between 1.7 and 3.0), while
the smallest cohort disadvantages were found for alcohol abuse, suicide, and COPD (with relative
risks between 1.2 and 1.5). The main difference detected between the two countries was in the
pattern of mortality due to COPD, for which only the U.S. boomers had a risk that was higher than

the overall cohort average.



The mortality patterns of Canadian females differed considerably from those of their male
counterparts and from those of U.S. males and females. For all causes of death, the Canadian female
boomers had little to no disadvantage. For alcohol, suicide, and COPD, the mortality risks of this
group were not significantly higher than the overall cohort average. In contrast, boomer males in
Canada and boomer males and females in the United States had similarly high relative risks of dying
from hepatitis C, HIV/AIDS, drugs, and suicide. More precisely, these three subpopulations of
boomers had the largest disadvantages in mortality for causes related to drugs, HIV/AIDS, and
hepatitis C; moderate disadvantages for causes related alcohol; and considerably smaller

disadvantages for death from suicide.



Figure 4. Cohort relative risks by country, sex, and cause of death
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Comparisons across races and ethnicities in the United States

In order to explore the disparities across racial and ethnic groups in the United States, we estimated
detrended cohort effects as cohort relative risks for the NHB, Hispanic, and NHW populations
(Figure 5; see also separate plots in Figure S5.7 in the supplemental materials). Except for a few
cases, the female and male boomers in the United States had similar cause-specific cohort
disadvantages, regardless of their race or ethnicity. The causes that contributed the most to the
boomers’ disadvantages in all subpopulations were hepatitis C and HIV/AIDS, and the cause that

contributed the least was suicide.

The main difference between the sexes in the causes that contributed to the boomers” mortality
disadvantage was that hepatitis C posed a much greater risk for males (reaching a maximum of a 2.5-

fold risk on average) than for females (2.1-fold risk on average), regardless of race/ethnicity.

When analyzing the cause-specific contributions to the boomers’ mortality disadvantage by race and
ethnicity, two results stand out. First, the NHW boomers of both sexes were the only groups with a
significantly higher relative risk of suicide mortality. Second, although boomers of all groups had a
large drug-related mortality disadvantage, the relative risks for NHB (1.9 for females and 2.0 for
males) were substantially higher than those for Hispanics (1.32 and 1.45) and NHW (1.3 and 1.5).



Figure 5: Cohort relative risks by race/ethnicity within the U.S., sex, and cause of death
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In summary, these results show that, with few exceptions, boomer cohorts had higher relative risks

of dying from most of the causes that were making the largest contributions to the deterioration in



mortality from the advantaged to the disadvantaged cohorts, regardless of national context, sex, and
race/ethnicity. Three exceptions are, however, noteworthy. First, among Canadian female boomers,
the relative risks of mortality were significantly higher only for causes related to drugs, HIV, and
hepatitis C. Second, only boomers in the U.S. had a significant disadvantage in COPD mortality.
Third, only Canadian males and U.S. NHW males and females had a significantly higher relative risk
of mortality from suicide. In the next section, we analyze the temporal dynamics of these cause-

specific cohort disadvantages.

Dynamics of the cohorts’ excess mortality over time

The APCd estimates presented above were useful for the estimation of the average cohort
disadvantage. However, these estimates were of limited use for the analysis of the temporal
dynamics of nonlinear effects because, as averages, they did not allow us to observe variations in
relative risks over time (Chauvel 2013). The changes in the magnitude or the location of the
curvatures by cause over time could help us determine whether the cohort disadvantage resulted
from a sequence of temporary age-period interactions, or, conversely, from a process that operated
continuously throughout the life course of the boomers. To analyze these temporal dynamics, we
constructed APC curvature plots (Acosta and van Raalte 2019). This graphical tool allowed us to
display the changes in the nonlinear APC components over time on a Lexis diagram by focusing on
the ridges; i.e., the series of Lexis coordinates in which the relative risk reaches a maximum. These
plots helped provide synthetic information on nonlinear APC effects simultaneously across several

populations or for several causes of death.

To construct the APC curvature plots, we needed to extract the boomer curvatures — in this case, the
excess mortality by cause of death. To do this, we first estimated a mortality baseline by excluding
the cohorts that diverged from the secular trend in mortality, and interpolating the mortality rates.
The excess mortality was defined as the difference between the observed and the interpolated
surface. The interpolation of the mortality rates was estimated with two-dimensional P-splines, and
performed with the R package MortalitySmooth (Camarda 2012). The measured excess mortality was
then translated into visual attributes: the locations of the ridge over time (i.e., the age/cohort for
which the positive divergence in mortality reached its maximum level in each period) were indicated

through the coordinates position in the Lexis diagram; and the magnitude (i.e., the relative risk in the



ridge compared to in the base of the hump) was indicated by the point size. We constructed APC
curvature plots to compare the cohorts’ excess mortality across causes of death, countries, and

races/ethnicities simultaneously in the same figure.

Comparisons between Canada and the United States

The APC curvature plots presented in Figure 6 show the temporal dynamics of excess mortality (i.e.,
the age/cohort with the greatest excess mortality in each period) by cause of death, country, and sex
(see also Figure S8 in the supplementary materials). We first describe the results for HIV/AIDS-
related mortality. The patterns for HIV/AIDS were similar across subpopulations, but differed
considerably from the patterns for the other causes. Between the mid-1980s and the mid-1990s, the
ridge for HIV/AIDS-related excess mortality largely surfaced in the diagram as an age effect for
both sexes in Canada and the United States, with young adults (ages 25-35) being disproportionately
targeted. However, after the turn of the 21" century, the ridges for HIV/AIDS shifted and began to
align diagonally toward a cohort pattern for all groups, with some noticeable differences. Whereas
Canadians of both sexes and U.S. males born around 1965 were most susceptible, the largest
disadvantage for U.S. females was observed for those born around 1955. For Canadian females, this
cohort effect was interrupted in the second part of the 2000s, when it shifted once again to being an

age effect, but this time targeted those aged ~40.

The locations of the ridges of excess mortality related to hepatitis C, drugs, and alcohol were
similarly centered on the cohorts born around 1955-1960, with the relative risks of dying from drugs
and alcohol being considerably lower. The main exception was for Canadian females, who did not
have a sustained cohort mortality disadvantage related to alcohol, suicide, or COPD. Whereas the
COPD disadvantage did not follow any clear pattern, the horizontal traces of the alcohol and suicide

ridges were more indicative of short-term age-period interaction effects.

Turning now to the variation in the magnitude of the cohort disadvantage over time (see also Figure
S§5.8 in the supplemental materials), we can see that the relative risks of HIV/AIDS mortality were
considerably higher at the turn of the 1990s for all groups (up to 10.7), and for U.S. males in
particular. Nevertheless, at the turn of the century, the relative risks of HIV/AIDS mortality
decreased sharply, and remained below 1.8 during the rest of the period. Apart from HIV/AIDS,

the largest boomer disadvantages were observed for mortality from hepatitis C and drug abuse,



which, respectively, hit their maximum relative risk levels of 4.9 and three at the turn of the century.
Compared to the other causes, the relative risks of alcohol, COPD, and suicide mortality among

boomers were substantially lower, never exceeding 1.7, 1.7, and 1.5, respectively.



Figure 6. APC curvature plots by country, sex, and cause of death
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Comparison across races and ethnicities within the United States

Figure 7 presents APC curvature plots of the cause-specific disadvantage in mortality by sex and
race/ethnicity in the United States (see also Figure S5.9 in the supplementary materials). The trends
displayed in Figure 7 show that boomers of both sexes and of all race/ethnicities had clear and
sustained cohort disadvantages for all causes of death except COPD and suicide. Systematic cohort
disadvantages in COPD and suicide were only identified for NHW. For the other ethnic/racial
groups, the ridges for these causes were more indicative of an age effect. Consistent with the
estimates at the national level (presented in Figure 0), the ridges of HIV/AIDS-related mortality for
all racial/ethnic groups showed an age pattern of disadvantage until the end of the 1990s, with the
largest relative risks among all the causes (12.2). At the turn of the century, the relative risk of
HIV/AIDS mortality among boomers decreased considerably, and shifted into a sustained cohotrt
effect. Moreover, consistent with the patterns at the national level, U.S. boomers of all
race/ethnicities had the highest relative risks of hepatitis C and drug abuse mortality, reaching
maximum levels of 4.7 and 3.8, respectively. The smallest relative disadvantages among boomers

were for mortality from alcohol, COPD, and suicide (2.8, 2, and 1.9, respectively).

Turning now to the variations in relative risks over time, we can see that for most racial/ethnic
groups, the relative risks of hepatitis C mortality peaked at the turn of the century, and decreased
thereafter. However, for Hispanic and NHB females, the relative risks of hepatitis C mortality did
not started to decrease until 2010. The ridge of the drug-related mortality disadvantage peaked three
times: first at the turn of the 1990s, then at the turn of the 2000s, and, finally, during in the last year
of observation (i.e., 2016). The relative risks of alcohol-related mortality were especially high in 1990
(2.1- to 2.8), and decreased progressively over time for Hispanics and NHW. However, for NHB
female and male boomers, this declining trend was reversed in 2010, as the relative risks of alcohol
mortality increased markedly. For COPD and suicide, the relative risks among boomers increased

monotonically during the observation period, reaching an average of 1.5.



Figure 7. APC curvature plots by race/ethnicity within the U.S., sex, and cause of death
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Taken together, these results suggest that what could be called “the boomer penalty” is the result of
several cause-specific disadvantages that accompanied boomers throughout their life course,
regardless of their country, sex, or race/ethnicity. However, the absence of a cohort disadvantage for

several causes among Canadian female boomers should be noted.

4. Discussion

This study was designed to identify the leading causes of death that have contributed to the baby
boomers experiencing a mortality disadvantage relative to their adjacent cohorts, and to explore the
temporal dynamics of these contributions in Canada and the United States. Relative to previous
cohorts, Canadian boomers experienced a deceleration in mortality improvements, while American

boomers experienced an increase, in absolute terms, in all-cause mortality.

In summaty, six behavioral causes of death — namely, drug and alcohol abuse, HIV/AIDS, hepatitis
C, suicide, and COPD — contributed at least 75% of the positive changes in mortality — i.e., the
deterioration in mortality — across cohorts. The disadvantages observed among the boomers were
substantially larger among males than among females for most causes, regardless of national context
or race/ethnicity. The highest relative risks of mortality were from hepatitis C and drug-related
causes, and the lowest relative risks of mortality were from COPD and suicide. These results should,
however, be interpreted with caution, given that higher relative risks do not necessarily indicate
greater excess mortality in absolute terms. For instance, even though boomers had considerably
higher relative risks of mortality from hepatitis C than from alcohol, because the baseline for
mortality from alcohol was much higher, alcohol contributed more than hepatitis C to the mortality

disadvantage among boomers.

On the question of the temporal dynamics of the boomers’ excess mortality by cause, our findings
revealed that most of these dynamics operated as long-term, sustained cohort disadvantages
throughout the boomers’ young and adult lives. The patterns over time of these cohort
disadvantages in mortality were similar for boomer males in Canada and both sexes in the United
States, regardless of race and ethnicity. The mortality disadvantages of Canadian female boomers

were, however, much smaller and less indicative of sustained cohort effects.



In the rest of this section, we discuss the temporal dynamics of the cause-specific contributions to
the boomer penalty, as well as the mechanisms that may have played a role in modulating such
patterns. In particular, we focus on the factors that could have contributed to an increased boomer
susceptibility to mortality from behavioral causes, and on the differences across population groups.
We close this section by pointing out the advantages and limitations of our analysis, and recommend

further investigations on the current topic for future research.

4.1. Temporal dynamics of the cause-specific excess mortality among

boomerts

The distinction between age-period interactions and cohort effects is relevant, since several of the
causes that contributed the most to the cohort disadvantage in mortality among boomers were also
responsible for important period crises during the observed period. Such was the case for the
HIV/AIDS, the crack, and the opioid epidemics. It could be argued that the boomers’ excess
mortality resulted not from sustained cohort effects, but from successive period crises that targeted
the boomers at different life stages — that is, a sequence of age-period interaction effects that

disproportionately affected these cohorts.

The temporal patterns of mortality from HIV/AIDS are indicative of age-petiod interaction effects
during the most critical stage of the epidemic (i.e., between the late 1980s and the early 1990s),
which disproportionately affected those in their thirties. Although HIV/AIDS mortality decreased
substantially after the introduction of the antiretroviral therapy in 1996 (Murphy et al. 2001; Palella
et al. 2000; Vittinghoff et al. 1999), we found evidence that the effects of the epidemic lingered
throughout the later adult lives of the late boomers (Figures 6, 7, S5, and S6). This higher
susceptibility among boomers to HIV/AIDS may be the reason for the recent increases in HIV
prevalence among people aged 50 and older, who account for nearly the half of those living with

diagnosed HIV in the United States (CDC 2018a).

In the case of drug overdoses, our findings indicated that although the absolute changes in severity
were largely driven by period-based factors that affected most ages, the boomer cohorts faced higher
risks of drug-related mortality than the adjacent cohorts during the whole observation period. The

magnitude of this cohort susceptibility was not, however, constant over time (Figures 6, 7, S8, and



S9). The disadvantage in drug-related mortality among boomers peaked twice: at the turn of the
1990s, which marked the beginning of the crack epidemic; and at the turn of the 2000s, which
corresponded to the start of the opioid epidemic. These increases in relative risks at the beginning of
each crisis and their posterior attenuation may be attributable to the vanguard role of boomers in
abusing these drugs before the epidemics spread to other cohorts. This inter-cohort “contagion” of
substance abuse is particularly notable for the case of the millennial cohorts. While the boomer
cohorts had the largest relative risks of alcohol- and drug-related mortality during the 1990s and
2000s, the millennial cohorts have started experiencing relative increases in mortality from these
causes, to the point that the millennials’ risks of alcohol- and drug-related mortality have exceeded
those of boomers in recent years (Huang et al. 2017; Miech et al. 2013; Sauer et al. 2018; Zang et al.
2019). For both HIV/AIDS and drug mortality, punctual and strong petiod crises affecting most age
groups (i.e., period effects) have been detected. However, lagged effects from these disturbances

along the cohorts have been observed among the boomers (i.e., cohort effects).

The similar locations of the most disadvantaged cohorts across causes of death (see Figures 6 and 7)
suggest that the same mechanisms underlie multiple outcomes. Our results are consistent with
previous findings indicating that behavioral risks related to opioid abuse, HIV/AIDS, and hepatitis
C interacted with each other in these cohorts. In most groups, the cohorts with the largest
disadvantages for these causes of death had similar locations and synchronic variations in magnitude
since the mid-2000s. Some of these similarities may result from the ongoing opioid epidemic, which
might have contributed to the spread of HIV/AIDS and hepatitis C infections among chronic
intravenous drug users (IVDUs) (Strader 2005; Zibbell et al. 2017). In addition, while IVDUs who
share contaminated needles face a higher risk of HIV infection, individuals who have been
diagnosed with HIV have both higher rates of prescription opioid use to treat chronic pain
symptoms and higher risks of developing drug use disorders (Becker et al. 2016). Similarly, our
observation of the synchronicity between COPD and drug abuse mortality among NHB females and
NHW of both sexes (Figure 7) was consistent with previous findings suggesting that the risk of
COPD mortality is higher among opioid users (Levine 2017; Vozoris et al. 2016). However, the
results for the other groups did not display this kind of synchronicity.

Taken together, our findings suggest that the mortality penalty endured by the boomers is not the
result of a series of age-period interactions that coincidentally increased mortality at different life

stages. Instead, the boomer disadvantage resulted from multiple and parallel long-term disadvantages



that have accompanied these cohorts over time. In short, the baby boomers have been suffering
from concurrent long-term scars, not from a succession of temporary bruises. These disadvantages
are apparent for several distinct, but interrelated causes of death that point to this generation having

a unique set of attributes that stem from riskier behaviors and attitudes, which we discuss next.

4.2.Factors contributing to the boomer penalty

Although our research design is exploratory, our findings are consistent with numerous mechanisms
already proposed in the literature. Below, we present and discuss in more detail the mechanisms —
mentioned in the introduction — that may be driving the survival disadvantage among boomer
cohorts. These mechanisms pertain to selection processes, birth cohort effects, and generational

identity effects.

According to the frailty hypothesis (Vaupel et al. 1979; Zheng 2014), low selection pressure during
infancy and childhood would have resulted in a heterogeneous cohort, with a large proportion of
frail individuals surviving to adult ages and being susceptible to mortality from zntrinsic causes of
death. It has been argued that the higher mortality experienced by the boomers during their young
and adult ages could be the consequence of increased survival rates eatly in life due to a reduced
infection burden and improved nutrition intakes (Canudas-Romo and Guillot 2015). However, our
results do not corroborate this hypothesis. The leading causes of death contributing to the boomer
penalty are not intrinsic, but are, rather, behavioral or extrinsic. The likelihood that frail individuals
who were “saved” in eatly life through better nutrition and reduced infection loads would go on to
develop risky behaviors later in life seems rather low. Moreover, the frailty hypothesis does not explain
the substantial mortality improvements among young adults in the cohorts born after the boomers,

who experienced lower initial mortality rates than the boomers.

Based on our results, we propose that the higher susceptibility of the boomers is the result of two
complementary mechanisms: namely, Ryder (1965)’s birth cohort influence and Mannheim (1952)’s

historical generationalr membership influence.

" Here, we use generation in a historical sense, so it should not be confused with the genealogical sense of kinship.
See Alwin and McCammon (2007) for an extensive discussion about the three uses of the concept generation in the
social sciences.



In his seminal work, Ryder (1965) stated that some the characteristics of some birth cohorts have
permanent effects through the life course. According to Ryder, cohort size was the most evident
manifestation of inter-cohort differences, since it is a persisting feature of the cohort’s lifetime, with
cascading effects on education, family formation, and labor force participation. Following Rydet’s
approach, Easterlin extensively studied the implications of cohort size and other cohort-specific
characteristics for the historical locations of the boomers during their life course (Easterlin 1976,
1987; Easterlin et al. 1993). Easterlin’s central argument was focused on the mismatch between the
early life and the later life conditions that the boomers were known to have experienced. Born amid
a post-war economic boom, the development of the welfare state, and unprecedented enrollment
rates in higher education, the boomers became adults in a social context characterized by
competition for resources — because of the large size of the cohort — a progressive erosion of the
welfare state, and a weaker and increasingly precarious labor market. According to Easterlin, this
imbalance between expectations and reality had serious implications for the perceived well-being of
the boomers, increasing the prevalence of mental distress and frustration among these cohorts.
Easterlin (1987) expected baby boomers to experience higher mortality from suicide, substance

abuse, vehicle accidents, and homicide.

In contrast, generational membership, in the Mannheimian sense, implies a more complex social
process in which individuals participate in the social movements of their time, and develop a shared
identity with a unique worldview (Alwin and McCammon 2007; Eyerman and Turner 1998;
Mannheim 1952). The enormous and unprecedented generational rift experienced by the boomers at
sensitive life stages helped to consolidate their distinctive generational identity. The social
importance and the inclusion of social movements in the popular culture and mass consumption —
especially in rock music and literature — boosted and magnified the influence of these minorities on
their contemporaries (Alwin et al. 2014; Alwin and McCammon 2007; Bristow 2015; Eyerman and
Turner 1998; Stewart and Torges 2014). For the first time in history, a generational identity was
simultaneously diffused to several western societies, including the United States, Canada, the United

Kingdom, France, and Australia (Edmunds and Turner 2005).

The signatures of solidarity within this generation were the defiance of social norms and the
rebellion against the older generations, which were expressed in drug use and a more explicit
sexuality (Cross and Kleinhesselink 1985; Johnston 1991). An increasing number of studies have

found that dispositions and attitudes toward riskier behaviors regarding drug use and sexuality tend



to be drawn from formative experiences and peer influences during the early stages of life, rather
than from successive period-based influences throughout the life course (Johnson and Gerstein
2000; Keyes et al. 2011; Rhodes 1997). Thus, the differential constructions of risk perception and
habituation during the eatly stages of the boomers’ life course have been linked to higher risks of
mortality from HIV/AIDS and other infections (McBride 1990), from substance abuse (Colliver et
al. 2006; Crome and Rao 2018; Duncan et al. 2010; Miech et al. 2011; Patterson and Jeste 1999; Rao
and Roche 2017), and from road traffic accidents (Puac-Polanco et al. 2016; T. Rao 2019).

Although they refer to different phenomena, birth cobort and generational identity are not completely
independent. Their increased exposure to peers might have made the boomers less apt to identify
with the values and beliefs of previous generations (Easterlin 1987; Phillips 2014; Stewart and
Torges 2014), and encouraged the rise and spread of the youth-based social movements of the 1960s

and 1970s (Abrams 1970; Bristow 2015, 2016; Cross and Kleinhesselink 1985; Goertzel 1972).

It is, therefore, possible that the cohort attributes of boomers not only reinforced their rebellious
and risky generational identity, but that these two mechanisms may have acted in parallel to increase
their mortality risk along the life course. In light of the mechanisms presented above, we now
discuss some of the similarities and differences in the magnitude and the temporal dynamics of the

boomer penalty across countties, sexes, and races/ethnicities.

4.3. Comparison of findings across the population groups under study

The unprecedented transnational diffusion of the boomer identity that we discussed above, as well
as some similarities in the socioeconomic contexts in Canada and the United States during the
sensitive life stages of the boomers, could explain our findings to some extent. We found that the
causes that made the largest contributions to the excess mortality among the boomers were the same
in both countries, and that the temporal patterns of the cohort effects were quite similar in the

United States and Canada.

However, we also uncovered substantial differences in the magnitude of the boomer penalty
between the two countries. As Figures 1 and 2 show, the Canadian boomers mainly experienced a

slowdown in mortality improvements (indicated by the green diagonal trace in Figure 1), while the



U.S. boomers experienced a noticeable deterioration in mortality (indicated by the change of the

scale sign from a negative to a positive change in mortality in Figure 1).

A possible explanation for this difference in the magnitude of the penalty may be related to the
dissimilar experiences of the Canadian and the U.S. boomers during critical stages of their life
course, which could have led to sizable differences in how the birth cohort and the generational
identity mechanisms were embodied in these groups, and unfolded in their later lives. First, the
levels of stress and frustration may have been substantially lower among Canadian boomers than
among their counterparts in the United States. Although Canadian boomers are also part of a large
cohort and grew up amid a post-war economic boom, the mismatch between the expectations they
developed in childhood and the reality they encountered in young adulthood was not as extreme as
it was in the United States. Compared to the United States, Canada has a stronger welfare system
(Banting and Hoberg 1997; Myles 1998), much lower levels of inequality (Lemieux 1993; Ross et al.
2000; Rycroft 2013), and a less pronounced cultural orientation toward individualistic values (Adams

2004; Clark 1991; Lipset 2013; Steger et al. 1989).

Second, the generational rift experienced by Canadian boomers may have been less striking than that
experienced by their counterparts in the United States. The dominant values in Canadian society —
such as traditional views on the rights of women, racial/ethnic minorities, and non-heterosexual
communities, as well as attitudes regarding religion, sexuality, and drug use — were also challenged by
the counterculture movements (Palmer 2008). However, the scale of the political and social conflicts
during the 1960s and 1970s was smaller in Canada than it was in the United States (Campbell et al.
2012). At that time, Canada had no Jim Crow laws and was not involved in the Vietnam War.
Indeed, Canada has historically been perceived and has served as a refuge for U.S. citizens fleeing
racism and the draft. Such was the case for the NHB who were escaping from slavery through the
Underground Railroad to Canada during the 19" century, and for the draft-dodgers — mostly young
boomers — who were seeking to avoid military service in the Vietnam War during the 1960s.
Previous research has shown that the civil rights and the antiwar movements were the most
important sources of the generational rift. Thus, the most influential and cohesive events for the
U.S. boomers occurred around the counterculture movements during the 1960s and 1970s (Alwin et
al. 2014; Alwin and McCammon 2007; Bristow 2015; Stewart and Torges 2014). Meanwhile, the
Canadian boomers may have experienced milder birth cohort effects that translated into lower levels

of anxiety, which led them to adopt a less rebellious generational identity associated with less risky



attitudes and behaviors. These social and political differences between the two countries might have

contributed to the boomer penalty being smaller among the Canadians.

With respect to differences by sex, there is a large amount of evidence pointing to a higher
propensity among males than among females to engage in risk-taking behaviors that could lead to
death (Ferrence 1988; Fingerhut and Cox 1998; Harris and Jenkins 2006; Pampel 2001; Veevers and
Gee 1986; Waldron et al. 2005). Since most of the excess mortality among the boomers stemmed
from behavioral causes, it is not surprising that the boomer penalty was larger among males in all

groups under observation.

Regarding the temporal patterns, two male-female differences stand out. First, the ridges of excess
mortality by cause of death follow horizontal, rather than diagonal lines for Canadian females. The
differences in the welfare state policies of Canada and the United States discussed above could
explain this smaller boomer penalty among Canadian females. There is evidence that welfare state
and social policies buffer social gender inequalities to some extent (Karamessini and Rubery 2013;
Kushi and McManus 2018; Rubery 2012). It is possible that because they benefited from public
policies that supported single and married mothers, and that incentivized women to enter and
remain in the labor market, Canadian female boomers experienced less work-family conflict than
their U.S. counterparts. Nevertheless, there is still evidence of a boomer penalty in mortality among
Canadian female boomers (see Figures 1, 2, and 4) involving the same causes of death as those that
affected mortality among the other boomer groups (see Figure 3). Hence, these results need to be
interpreted with caution. The analytical strategy adopted here may not able to capture the actual

temporal pattern of the boomer penalty among Canadian females because of its small magnitude.

A second male-female difference was in the location of the most disadvantaged cohorts. As Figures
1, 6, and 7 indicate, the cohorts with the largest excess mortality among females were the more
recent boomer cohorts. No similar pattern was observed among male boomers. This difference in
location could reflect the age differences within couples, which was 2.4 years on average for married
couples between 1960 and 1985 (USCB 2018). Since males are more prone to risky behaviors and
may have more success in influencing couple choices (de Palma et al. 2011), the negative outcomes

in boomer couples may have disproportionately affected females of the more recent cohorts.

Interestingly, when we looked at the differences across races and ethnicities within the United States,

we found that despite the significant differences in the socio-historical contexts experienced by the



different racial and ethnic groups, the patterns of sustained disadvantages among boomers were
similar across these groups. This finding is somewhat surprising given the birth cohort effect
proposed by Easterlin. When describing the large mismatch between the high expectations in
childhood and the harsher reality encountered in adulthood, Easterlin was referring to the life
courses of NHW boomers in the United States. These experiences were in stark contrast with those
lived by minorities. NHW were the main beneficiaries of the economic boom and social policies
implemented during the post-war period, which led boomer children to develop outsized
expectations. The unprecedented numbers of university admissions and the large numbers of
mortgage loans offered during the post-war period were selectively addressed to the young NHW
population — the parents of the NHW boomers. For racial/ethnic minorities, however, residential
segregation (Luders-Manuel 2017; Massey and Denton 1993; Rothstein 2017; Sharp and Hall 2014;
Steil et al. 2018) and educational segregation (Herbold 1994; Humes 2006; Turner and Bound 2002),
among other discriminatory policies, hindered their access to the social and economic benefits of

that period.

By contrast, the generational rift the boomer cohorts experienced and embraced, albeit in very
different ways, had a substantial impact on most ethnic-racial groups within the United States.
Young boomers from different social, racial, and ethnic backgrounds became involved in the diverse
social movements of the time, such as the student, anti-war, feminist, gay liberation, civil rights,
Black Power, Red Power, and Chicano movements (Reed 2019; Rollins 19806; Stewart et al. 1998).
Hence, it may be expected that the generational identities the boomers developed influenced wider
segments of the U.S. population, regardless of their socioeconomic status and race/ethnicity. Thus,
the birth cohort effects proposed by Easterlin may have been less relevant to the boomer

generation.

These differences across race/ethnicities in the birth cohort effects and the generational identity
mechanisms could help to explain the disparities in the temporal dynamics of suicides ridges. NHW
boomers of both sexes were the only groups within the United States that showed sustained cohort
disadvantages in suicide mortality. Whereas suicide mortality may have been more associated with
the higher prevalence of stress and frustration resulting from the birth cohort effects proposed by
Hasterlin (Chauvel et al. 2016; Easterlin 1987; Phillips 2014), the higher susceptibility to mortality

from substance abuse, HIV/AIDS, and hepatitis C may have been more responsive to the risky



attitudes and behaviors embodied in the boomer generational identities (M. W. Boeri et al. 2000;

Jalal et al. 2018; Johnston 1991; Keyes et al. 2011; Miech et al. 2011).

Regarding the drug epidemics, the crack and the opioid crises have been respectively associated with
NHB and NHW populations in the scientific literature and media coverage. It is possible that the
stigma and the lower price of crack made the poor black neighborhoods in the inner city more
vulnerable to the crack epidemic at the turn of the 1990s (Agar 2003; Johnston 1991; Palamar et al.
2015; Palamar and Ompad 2014). Likewise, the medical-legal origin of the opioid crisis, as well as
racial discrimination in prescription practices (Barnett et al. 2017; Hwang et al. 2015; Jones et al.
2018; King et al. 2014; Manchikanti et al. 2017; Quinones 2015; Zang et al. 2019), appear to have put
the NHW blue-collar population at greater risk during the early stages of the opioid crisis at the turn
of the 21" century. However, there is evidence that these drug epidemics have ravaged all social
groups, even though they disproportionately affected specific social status or racial/ethnic groups in

certain periods (Agar 2003; Ho 2017; Jalal et al. 2018; Woolf et al. 2018).

We have attempted here to provide a summary of the mechanisms that could contribute to the
mortality penalty among baby boomers in Canada and the United States, as well as to point out
some similarities and disparities in these mechanisms by country, sex, and race/ethnicity. To do so,
we adopted a more comprehensive approach to analyzing the excess mortality among boomers as a
whole than was used by most previous research on the topic. Instead of exploring a single cause of
death, as most of the previous studies on mortality among boomers did, our strategy began by
exploring the penalty in all-cause mortality common to boomers in Canada and the United States,
and to subsequently decompose this disadvantage by cause of death. The decomposition of the
mortality changes using the Cohort Partial Mortality Rate measure (CPMR c(kb)y _ proposed for the
first time in this research — allowed us to identify a common set of causes underlying the excess
mortality among boomers in Canada and the United States.

The analysis of the temporal dynamics of nonlinear cohort effects using APC curvature plots permitted
us to show that the disadvantage in mortality among boomers resulted from multiple and
simultaneous cause-specific cohort effects, instead of from a sequence of age-period interaction
effects. As we noted above, we would have been unable to generate such findings if we had limited
our analytical strategy to the more conventional APC statistical models. Using this approach, we
were able to show that multiple disadvantages were experienced concurrently by the boomer

cohorts, and that these disadvantages may be interrelated and modulated by common mechanisms,



independent of national context, sex, and race/ethnicity. These findings offer additional clues that
can be used to analyze causal mechanisms that were not exclusively related to one output, but that
instead generated simultaneous and sustained disadvantages throughout the life course of the

boomers.

To our knowledge, this is the first analysis that has reported concurrent and sustained cohort effects
for Canadian and U.S. boomers. Such findings provide valuable information for designing health
policies. Currently, the populations of these countries are dealing with health crises involving the
causes that made the largest contributions the boomers’ excess mortality. Specifically, these
populations are experiencing dramatic increases in mortality from drug overdoses (Helmerhorst et
al. 2017; Ho 2017; Huang et al. 2017; Jalal et al. 2018), alcohol abuse (CIHI 2018; Tapper and Parikh
2018), and suicide (Curtin et al. 2016); increases in binge drinking (Bulloch et al. 2016; Dwyer-
Lindgren et al. 2015; Manthey et al. 2019) and in the incidence of hepatitis C infections (CDC
2018b; PHAC 2019; Zibbell et al. 2017); as well as the stalling of the long-term decrease in deaths
from of HIV/AIDS (CDC 2019). Our reseatch suggests that policy-makers should encourage
prevention and diagnosis based not only on an individual’s risk factors and age, as is usually done,
but on the person’s birth cohort. Canadian and U.S. health authorities have already proposed
adopting such an approach for dealing with hepatitis C, and have recommended systematic testing
for baby boomers (CATIE 2018; CDC - Division of Viral Hepatitis 2019; CDC 2012; Shah et al.
2018). Our findings also suggest that such an approach should be extended to other behavioral
causes. In the rest of this section, we consider the limitations of this study, and offer some

recommendations for further research.

4.4.Limits of the analytical strategy and suggestions for future work

We are aware that our research has several limitations. The first is related to the information
recorded on the death certificates. On the one hand, deaths from some of the causes under analysis
may be misteported on the death certificates. HIV/AIDS and hepatitis C mortality began to be
recognized within the ICD codes in 1987, and thus long after actual deaths from these causes started
to occur. It may have taken some time for medical authorities to accurately recognize and record
such causes on death certificates. Hence, underreporting is expected for these two causes. In

addition, the attribution of just one cause to each death can hide multiple interactions, which can be



especially problematic when the causes are related to behavioral factors. Because risk behaviors tend
to cluster (Ho 2017), several deaths classified in one specific cause may have multiple contributing
factors. For example, a death may be caused by a combination of drug and alcohol abuse, or of HIV
and hepatitis C infections. For suicide mortality, suicidal intent is difficult to assess, and the
approaches used in assigning such an intent vary by geographical location. Moreover, some causes
cannot be discerned from the classification when the intentions and the means are mutually
exclusive, as is the case for suicides by drug overdose. In Table S2 in the supplemental materials, we
classified such deaths as suicides, which could mean that drug-related death rates have been
underestimated, while the number of suicides has been overestimated. This bias in drug-related
mortality could also be magnified by other underreporting issues for this cause of death on death

certificates (Ho 2017; Paulozzi et al. 2000).

Another limitation of the identification of causes of death is the discontinuity resulting from the
ICD revisions implemented during the observation period (see Tables S1 and S2). Although we did
not find evidence of significant disruptions in the classification at an aggregated level, several
specific codes that did not exist in previous ICD revisions were introduced during the period,
including codes for several alcohol- and drug-related causes of death. For instance, death from drug
abuse was introduced in the 9" ICD version, and poisoning from both drugs and alcohol with

undetermined intent was introduced in the 10" revision.

An additional potential source of error in the data is related to the racial/ethnic classification within
the United States. Discrepancies between the numerator and the denominator in the Hispanic ethnic
classification have been detected. Whereas on the death certificates (i.e., the numerator) the
information on ethnicity is provided by funeral directors — who may be asked to use a certain
classification by relatives of the deceased, or who simply impute the deceased’s ethnicity using their
own judgment — in the census (i.e., the denominator) this information is self-reported (Arias et al.
2008; Zang et al. 2019). This divergence in data collection procedures may have resulted in an
underestimation of mortality in the Hispanic population. In addition, the lack of racial and ethnic
information in the Canadian death register limited our analyses of the heterogeneity of boomers

within Canada, and made it impossible to compare similar groups in the two countries.

With regard to the methods used to analyze the temporal pattern of the disadvantage in mortality,

there is more than one approach to detecting excess mortality (Acosta and van Raalte 2019). Because



each approach is conceptually different, their application can lead to different estimations. Here, we
used an interpolation approach because our aim was to analyze the excess mortality among the
boomers relative to the mortality levels of the more advantaged cohorts surrounding the boomers. If
the question is about the deviation from the overall cohort average, the estimation of the residual
from an age-period model would be more appropriate. It is noteworthy that the main difference
between the two approaches lies in the magnitude of the excess they report, but that their findings

regarding the temporal pattern over time are consistent.

On the question of the explanatory power of this work, neither the analytical strategy nor the data
for the analysis presented here allowed us to test or disentangle the role played by the birth cohort
and the generational identity effects on the boomer penalty in mortality. Here, we proposed such
mechanisms as underlying determinants of the boomer disadvantage in mortality in a speculative
manner. Longitudinal data that include measures of drug use, alcohol consumption, sexual behavior,
mental health, mental stress, and/or expectations, among other factors, would allow for an inquiry

that takes an explanatory approach.

We believe that our research will serve as a basis for future studies on the excess mortality among
boomers. We propose that further research should be undertaken in the following areas. First, future
studies should test the causal mechanisms identified here as being potentially responsible for the
excess mortality among boomers, and measure to what extent each of these mechanisms has
contributed to the boomer penalty. Second, an important question that future studies should address
is why the pattern of the cohort disadvantage among Canadian female boomers, for which no
sustained cohort effects were identified, differed from that among Canadian male boomers and U.S.
boomers for all races/ethnicities under analysis. Third, more analysis of the impact of the boomer
disadvantage on changes in life expectancy and lifespan inequality, and on years of life lost, would
help to clarify the implications of this excess mortality among the boomers at the population level
for future mortality trends. Fourth, it is not yet known whether strong generational differences are a
common feature of all socioeconomic groups, or whether they are disproportionately concentrated
among the socially disadvantaged. It is vital to assess the contributions of different dimensions of
social position to the inter- and intra-cohort inequalities in mortality related to substance abuse and
infections. Finally, the similarities in the mortality penalty among boomers found in Canada and the
United States suggest that similar mechanisms could be involved in other national contexts with

similar mortality patterns, such as in France, Australia, and England (Acosta et al. 2017; HMD 2019).



5. Conclusions

We found evidence that most of the excess mortality among baby boomers in Canada and the
United States was driven by behavioral causes of death: namely, drug abuse, alcohol abuse,
HIV/AIDS, hepatitis C, COPD, and suicide. The main exception to this general finding was that
among Canadian female boomers, these causes of death did not translate into sustained cohort
effects over time. We also found that the contributions of these behavioral causes of death to the
excess mortality among boomers in Canada and the United States were the consequence of multiple
and simultaneous long-term sustained disadvantages that have followed the members of this cohort

since their twenties.

The behavioral nature of the excess mortality among the boomers, and the sustained cause-specific
effects of this excess mortality throughout their young and adult lives, highlight the pertinence of a
more comprehensive and structural analysis of the boomer mortality disadvantage. The observation
that the causes that made the largest contributions to the excess mortality among boomers were
linked to behavioral risks suggests that a common set of mechanisms underlie the boomer penalty in
Canada and the United States. We propose that the relatively high levels of distress and frustration
among boomers — the birth cohort effect proposed by Easterlin — and the riskier attitudes toward
drug use and sexual behavior that are constituent of the boomer generation identity have together
played a substantial role in their mortality disadvantage. Further analyses are needed to test how
these mechanisms have affected the mortality penalty among boomers, and how the impact of these

mechanisms has differed across socioeconomic groups.

If the cohort differences in mortality continue along the same trend, it is possible that people who
are currently aged 65 or older will experience substantial increases in mortality in the upcoming
years. Such increases might be even greater than those previously experienced by the boomer
cohortts, because the mortality risks related to suicide and mental health disorders are considerably
higher at older than at younger ages. Moreover, as the baby boomers age, they will become
increasingly likely to experience chronic pain, which has been a fundamental factor in the ongoing

opioid abuse epidemic (Jones et al. 2018).
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9. Supplementary Materials

9.1. Construction of Lexis surfaces of mortality change

Lexis surfaces of changes in mortality rates are widely recognized in the demographic literature as
powerful, yet simple tools for identifying APC effects (Barbi and Camarda 2011; Rau et al. 2013;
Scholey and Willekens 2017; J. W. Vaupel et al. 1987). Over periods (and, thus, cohorts) these
changes reflect a combination of period and cohort effects, because age is controlled by estimating
mortality changes within the same age group (i.e., horizontal mortality changes in the Lexis surfaces,
from eatlier to more recent calendar years/cohorts). To construct Lexis surfaces reflecting these
changes, we first estimated two-dimensional smoothed mortality rates to eliminate random
variations that are not part of the mortality trend. We applied the P-splines method (Eilers et al.
2015; Eilers and Marx 1996) for the two-dimensional smoothing, using the R package
MortalitySmooth (Camarda 2012), which allowed us to select the best fitting parameters based on the
Akaike Information Criteria (AIC) (Burnham and Anderson 2002). From the smoothed death rates,
we estimated the rates of mortality change (Apcy ;), and then plotted them in a Lexis surface.
Additional information about the estimation of the relative changes in mortality and the
construction of the Lexis surfaces can be found in the supplementary materials. According to the
diagonal patterns shown in Figure 1, the advantaged and the disadvantaged birth cohorts were born

during the mid-1940s and around 1960, respectively (black dashed lines).

From the smoothed death rates, we estimated, for each age x; the relative change in mortality from

year #-1 to year 7 (or from cohort ¢-7 to cohortt ¢) as:

Apcy, = log(m3,) — log(ms,—1), (1)

where mj ¢ is the smoothed death rate for age xin period £

We then plotted Apc, ; values in a Lexis surface in two color scales to depict the yearly changes in
mortality over petiods/cohorts (Figure 1). The relative mortality decrease for year # compared to that
for year #-7 (or cohort ¢ compared to cohort ¢7) in the same age x is indicated with a green-to-blue
scale, while the relative mortality increase is indicated with a yellow-to-red scale. Vertical traces on
the Lexis surface are indicative of nonlinear period effects on mortality, and 45° diagonal traces are
indicative of nonlinear cohort effects.



9.2.Cohort partial mortality rate measure

For the estimation and comparison of cohort mortality levels, we propose an index of the cwhort’s

partial mortality rate, defined as:

CPMR®D =%l . m¢$ | @

where m, is the age-specific mortality rate for the age interval k — [ for cohort ¢. Additional
information on this method and the attributes that make it convenient for our purposes are detailed

in the supplementary materials.

A similar index (indice synthétique de mortalité) was suggested by Termote (1998) as a complementary
measure for analyzing mortality changes on a period basis. Being the sum of the age-specific
mortality rates between two ages, this measure is the mortality analogous of the cohort’s total
fertility rate (TFRC) (Preston et al. 2000), but framed within a specific age interval. This index is
appropriate for our objective for at least three reasons. First, it is not influenced by variations in size
across ages or cohorts. Second, contrary to other measures of mortality, such as life expectancy or
life years lost, the CPMR®:D is not weighted by age — that is, it does not overestimate the
importance of the causes of death that are more prevalent in the younger age groups. Third, the

index is fairly easy to decompose by causes of death.

The change in the cobort’s partial mortality rate between the advantaged (@) and disadvantaged (d) cohorts

for the age interval k — [ is defined as
ACPMR4-a(kl) = cppmReKD — cpMRakD, ?3)

The decomposition of the ACPMR¢4~%(,:D by cause of death is straightforward, since this index

satisfies a simple balance equation in which the sum of all changes in the cobort’s partial mortality rate by

d—-a(k,l)
i

canse of death i (ACPMR ) equals the total change in the cobort’s partial mortality rate:

ACPMRY-4kD) = 31, AcPMR{ ™4™V, )



9.3.Classification of causes of death and measurement of mortality change

The period under analysis spans three ICD revisions (8" through 10™). To facilitate an initial
decomposition by cause of death of the mortality deterioration, we first constructed broad causes of
death based on the ICD chapters (see Table S1). This broad categorization allowed us to analyze
mortality changes across a few groups of causes, and guaranteed a low degree of variation across the

three ICD revisions covered during the period of observation.

Table S1. ICD Chapters revisions 8" to 10"

ICD 8 9 10
Period | 1968-1978 1979-1998 1999-2016
Certain infectious and patasitic diseases 001-139 001-139 A00-B99
Neoplasms 140-239 140-239 C00-D48
Endocrine, nutritional, and metabolic diseases 240-279 240-279 EO00-E90

Diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism

280-289 280-289 D50-D89

Mental and behavioral disordets 290-319 290-319 FOO-F99
Diseases of the nervous system 320-359 320-359 G00-G99
Diseases of the eye and adnexa 360-379 360-379 HO0-H59
Diseases of the ear and mastoid process 380-389 380-389 H60-H95
Diseases of the circulatory system 390-459 390-459 100-199

Diseases of the respiratory system 460-519 460-519 J00-J99

Diseases of the digestive system 520-579 520-579 K00-K93
Diseases of the genitourinary system 580-629 580-629 NO00-N99
Pregnancy, childbirth, and the puetperium 630-679 630-679 0O00—-099
Diseases of the skin and subcutaneous tissue 680-709 680-709 LO0-L99
Diseases of the musculoskeletal system and connective tissue 710-739 710-739 MO0-M99

Congenital malformations, deformations, and chromosomal

740-759 740-759 Q00-Q99

abnormalities

Certain conditions originating in the petinatal period 760-779 760-779 P00-P96
External causes of morbidity and mortality 800-999 800-999 V01-Y98
Other causes 780-799 780-799 R-U

Figure S1 shows the estimates of the cause-specific decomposition of the mortality deterioration

from the advantaged to the disadvantaged cohorts. According to these results, most of the excess



mortality among boomers is composed of increases in deaths from causes within the ICD Chapters

covering external, infectious, digestive, mental/behavioral, and respiratory diseases.

Figure S1: Percentage contributions of broad causes to the mortality deterioration from the
advantaged to the disadvantaged cohorts
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Based on the leading broad causes of mortality deterioration identified in Figure S1, we constructed
more detailed causes of death, and decomposed the mortality deterioration again. Table S2 presents
the ICD codes used to classify deaths from HIV/AIDS, hepatitis C, COPD, suicide, alcohol, and
drugs. Note that none of these causes of death was confined to the same broad category — that is, to
the same ICD chapter. For instance, alcohol-related mortality included deaths from mental and
behavioral disorders due to alcohol (which are covered by the mental and behavioral disorders
chapter), from alcoholic liver disease (which are covered by the digestive system chapter), and from

alcohol poisoning (which are covered by the external causes chapter).

Table S2: ICD codes included in each category of causes of death, revisions 8" to 10"

ICD 8 9 10
Period 1968-1978 1979-1998 1999-2016
HIV/AIDS NA 0420-0449 B20-B24
Hepatitis C NA 0704-0705 B171, B182
Chronic lower respiratory diseases 4900-4939 4900-4939 J40-]47
Suicides 9500-9599 9500-9599 X60-84




ICD 8 9 10
Period 1968-1978 1979-1998 1999-2016
2943, 2920-2929,
Drug-related causes (accidental 3040-3049, 3040-3049, F11-19, 55,
overdoses + drug dependence) 3091, 3052-3059, X40-44,
8500-8599, 8490-8589, Y10-14
9800-9803 9800-9805
2910-2919, E244, F10,
2910-2919 3030-3039, G312, G621,
Alcohol-related causes (accidental ’ 3050, 3575, G721, 14206,
. .. 3030-3039,
alcohol intoxication + long-term 5353 5710 4255, 5353, K292,
harm from liver cirrhosis + ) 860018609’ 5710-5713, K700-K709,
7903, K860, X45,
8600-8609 Y15, Y90, YO1

Figure S2 depicts the contributions to the mortality deterioration of each cause of death. Increases in
mortality from HIV/AIDS, hepatitis C, COPD, suicide, alcohol, and drugs contributed between
75% and 80% of the deterioration in mortality from the advantaged to the disadvantaged cohorts
for both sexes in Canada and the United States.

Figure S2. Percentage contributions to the increase in ACPMR%~2(355%)
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Notes: Only categories with positive contributions to ACPMR d-a(3554) of least 2% in the four
subpopulations were included.



Estimates from the ACPMR ? Ta(3554) depicted in Figure 3 in the main text were useful for
identifying the causes of death that made the largest contributions to the relative mortality

deterioration between the advantaged and the disadvantaged cohorts within the age interval 35-54y.

However, this measure has two limitations. First, whereas the variable age is controlled when the
mortality levels are compared within the same age interval, the variable period is not; consequently,
changes in mortality over cohorts are confounded with changes over periods. For instance, the
estimates of cohort differences in drug-related mortality levels could be the result of period
variations. During the observed age interval, i.e., 35-54, the earliest cohorts were exposed for a
shorter period of time and at incipient stages of the opioid epidemic (e.g., because the cohort 1945
was observed during the period 1980-1999, they had only been exposed to the initial years of the
opioid crisis, which started in the late 1990s). The more recent cohorts, by contrast, had been
exposed to the crisis for a more extended period, when it was in its more advanced stages (e.g., the

cohort 1955 was observed during the period 1990-2009, when the opioid crisis was fully underway).

Second, while the decomposition of ACPMR4~a(3554)

allows us to identify the causes of the
relative mortality deterioration between the disadvantaged and the advantaged cohorts, because of
how our window of observation was configured, we were not able to identify whether the causes of
death that were responsible for the deterioration were also responsible for the subsequent
improvements in mortality for the cohorts born after the boomers. If that was not the case (i.e., if
the causes of the mortality deterioration were different from the causes of the subsequent
improvements), the excess in all-cause mortality among the boomers would not be strictly related to

the sum of multiple cause-specific excesses, but would instead be an artifact of more intricate

processes involving increases in some causes and decreases in others.

To overcome these two limitations, and to propetly assess the cohort’s excess mortality by cause of
death, we need to account simultaneously for variations over the three age-period-cohort (APC)

dimensions.

9.4. Alternative selection of disadvantaged cohorts



The selection criteria of the disadvantaged cohorts depicted in Figure 2 could be problematic for
two reasons. First, for Canadian males, the cohorts 1954 and 1957 have similar degrees of deviance
from the linear trend of mortality (172 and 179, respectively), and it could be argued that
CPMRG559 is in absolute terms larger in 1954 than in 1957 (5,545 and 5,288, respectively). Second,
since the highest degree of positive deviance from the mortality trend for U.S. females was reached
by the cohort 1960 — i.c., the last cohort observed — we were not able to determine whether the
deterioration in mortality continued among more recent cohorts. To address these points, we tested
the consistency of our estimates by selecting 1954 as the disadvantaged cohort for Canadian males,
and by extending the estimation of CPMRB55% to more recent cohorts for U.S. females. These

estimations are presented in the supplemental materials (see Figures S3 to S5).

The cause-specific contributions to the deterioration in mortality from the advantaged to the
disadvantaged cohorts were sensitive to the locations imposed on these cohorts. In order to test the
consistency of the estimates presented in Figure 3, we chose alternative locations for the
disadvantaged cohorts in the cases in which the greatest divergence from the linear trend was not
obvious. For Canadian males, the degree of deviation was roughly similar for the cohorts 1954 and
1957. Hence, we use 1954 as an alternative disadvantaged cohort. For U.S. females, the level of
divergence did not stop increasing over the observed cohorts. We extended the estimation up to the
cohort 1963, which was only possible by reducing the age interval to 35-53. These CPMR¢(3%5%)
estimates between the cohorts 1940 and 1963 for U.S. females are depicted in Figure S3. According

to these findings, the most disadvantaged cohort for this age interval is located in 1958.



Figure S3. Alternative estimates of the cohorts’ partial mortality rates for U.S. females
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Figure S3. Cohorts’ partial mortality rates (solid line) and the linear trend (dashed line) for U.S. females
within the age interval 35-53 (CPMRCG553)) between the cohorts 1940 and 1963. The labels indicate the year
of birth of the advantaged (circular shape) and the disadvantaged (triangular shape) cohorts.

In Figure S4, we compare the contributions by cause to the mortality deterioration of the advantaged
and the alternative disadvantaged cohorts for Canadian males and U.S. females (in purple). To facilitate
this comparison, the plot also presents the estimations of the cause-specific contributions obtained
with the original disadvantaged cohorts (in green). Similarly, Figure S5 shows the cumulative
contributions of the six leading causes of death to the mortality deterioration. As Figures S4 and S5
show, the contributions by cause of death to the mortality deterioration were highly similar between
the estimates using the original location and those using the alternative location of the disadvantaged

cohorts.

According to the estimates presented in Figures S3 to S5, the contributions of the leading causes to
the mortality deterioration from the advantaged to the disadvantaged cohorts did not differ
substantially when different disadvantaged cohorts were selected for Canadian males and U.S.

females.



Figure S4. Alternative estimates of percentage contributions to the increase in

ACPMRY~2kD f5¢ Canadian males and U.S. females
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Notes: Percentage contributions to the increase in ACPM R~k by cause of death for Canadian males
(ACPMR~%B55%)y 4nd U.S. females (ACPMR~4(3553)y, according to the original (respectively, 1957 and
1960, in green) and the alternative (respectively, 1954 and 1958, in purple) disadvantaged cohorts. Only
causes that contributed to mortality deterioration in all cases are shown.



Figure S5. Alternative estimates of cumulative contributions by leading causes to the
deterioration in mortality from the advantaged to the disadvantaged cohorts
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Notes: Estimates according to the location of the disadvantaged cohort. For Canadian males, the
disadvantaged cohort was originally placed in 1957, and alternatively in 1954. For U.S. females, the
disadvantaged cohort was originally placed in 1960, and alternatively in 1958.



9.5.Detrended cohort effects from the APC model

Figure S6: APCd estimates by cause of death, sex, and country.
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Figure S7: APCd estimates for each sex and racial-ethnic group, comparing the leading
causes of the boomers’ excess mortality
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9.6. Temporal dynamic of the excess mortality among boomers by cause of

death

Figure S8: Variation in relative risk at the ridge compared to the baseline over time by
country
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Figure S9: Variation in relative risk at the ridge compared to the baseline over time by
race/ethnicity
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