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Causes of death patterns and life expectancy:
looking for warning signals

Cause di morte e speranza di vita: alla ricerca di segnali
d’avvertimento

Stefano Mazzuco, Emanuele Aliverti, Daniele Durante and Stefano Campostrini

Abstract The evolution of longevity across countries is quite diverse and it still re-
mains unclear what determined such different patterns throughout the last decades.
In this paper we consider a Bayesian nonparametric mixture of B-splines for life ex-
pectancy trajectories that characterizes locally-varying similarities across functions,
learning where country-specific trajectories are likely to overlap and where instead
they tend to diverge. A preliminary comparison among Italy and United States in-
dicates interesting trends in the evolution of life expectancy, with trajectories that
overlap until the early 80s and then diverge substantially. We attempt to justify such
differences by studying variations in the causes of premature mortality across these
periods of interest, trying to justify potential driving factors for such divergences.
Abstract Vi sono evidenti diversita nell’evoluzione della longevita tra paesi, ma non
e ancora chiaro cosa abbia determinato andamenti cosi diversi negli ultimi anni. In
questo lavoro, si considerano i dati sulle cause di morte per spiegare i diversi pat-
terns di mortalita nel tempo, utilizzando un modello Bayesiano nonparametrico
basato su misture di basi B-splines per caratterizzare similarita locali tra le di-
verse traiettorie di longevita nel tempo. Tale approccio consente di individuare in
quali finestre temporali la longevita é simile tra paesi e in quali periodi diverge.
Un primo confronto tra Italia e Stati Uniti offre dei primi risultati rilevanti che in-
dicano l'inizio degli anni 80 come soglia da cui le differenze di longevita tra i due
paesi sono divenute statisticamente rilevanti. Le motivazioni legate a tali differenze
sono ricercate confrontando le traiettorie delle cause di morte.

Key words: Bayesian nonparametrics, causes of death, life expectancy.
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Fig. 1: Life expectancy in Italy and USA. Source: Human Mortality Database

1 Introduction

In the economically more advanced countries, longevity has steadily increased in the
last decades. Comparing, for example, life expectancy at birth (eq) in Italy and USA,
we can observe in Figure 1 how these countries show comparable trends until the
early 80s, resulting afterwards in substantially diverging trajectories. This result is
even more striking if we consider that USA invests relatively almost twice in health
of its resources (17% of GDP vs 8.7% of Italy; see [7]) and suggests the need of
an improved understanding of the mechanism behind different patterns of longevity
evolution, especially in relation to the mortality structure.

For example, Bergeron—Boucher et al [2] have recently shown that the exten-
sion of longevity is usually accompanied by a diversification of the causes of death.
More specifically, Woolf and Schoomaker [13] analyze the trend of causes of death
in USA, finding that midlife mortality caused by drug overdoses, alcohol abuses,
suicides, and a list of organ system diseases have particularly increased in the last
years. However, this finding has been contested (see Mehta et al, [6], who argue that
cardiovascular diseases are the main responsible of US life expectancy stagnation).
Such a controversy reflects the issue when dealing with cause-specific mortality,
related with a competing risk setting: a cause-specific mortality rate can decline be-
cause there has been a significant improvement in treatment and/or prevention of
that disease or just because other causes have grown meanwhile. Therefore, if we
want to analyze the time trend of causes of death we need to take into account this
feature. Stefanucci and Mazzuco [11] propose to combine Functional Data Analysis
(FDA — see [10]) with Compositional Data Analysis (CDA — see [1]; [4]), limit-
ing to a descriptive analysis of causes of death patterns.

Here, we propose a model-based analysis aimed at inferring patterns in causes of
deaths that precede life expectancy stagnation. Motivated by Figure 1, we consider
a flexible Bayesian nonparametric mixture of B-splines to learn local similarities
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across life expectancies, assessing in which temporal blocks life-expectancy curves
tend to overlap, and where instead they diverge. Subsequently, we analyze causes of
death around the intervals of interest, in order to highlight what aspects of mortal-
ity have changed more considerably in those crucial years and what evidence they
provide in terms of variation of life expectancy.

2 Data and methods

Data are collected from the Human Mortality Database [5], that ensures high quality
data on mortality profiles of different European and non-European countries. Specif-
ically, we focus here on Australia, Austria, Belgium, Bulgaria, Canada, Switzer-
land, Czech-Republic, Denmark, Spain, Finland, France, Great-Britain, Hungary,
Ireland, Island, Italy, Japan, the Netherlands, Norway, Portugal, Slovakia, Sweden
and United States of America. Moreover, causes of death data are taken from WHO
mortality database.

We conduct analysis on these n = 23 countries, considering sex-specific and age-
adjusted rates over a time period of T = 62 years ranging from 1955 to 2016. We
consider 8 classes of causes of mortality, namely infections, neoplasms (all cancers
with the exception of lung cancer), lung cancer, endocrines diseases, circulatory
diseases, respiratory diseases, digestive diseases and external causes.

To flexibly model life expectancy patterns across countries i = 1,...,n and years
t=1,...T, we treat the trajectory of ey as a function y;(¢) and, following standard
practice in FDA, we decompose it as

yi(t) = filt) +&(t), &(t) ~N(0,6%), (1
foreach countryi=1,...,nand years = 1,...T, where g(¢)s are independent Gaus-
sian errors and f;(¢) is an underlying smooth function. To include this smoothness,
while avoiding strong assumptions on the functional form of f;(¢), we model such a
trajectory via B-splines [3], letting

Fe)=Y0  BuBi(t), )

where [Bj(7),...,Bk(t)] denotes a set of fixed quadratic B-splines basis functions
shared across countries, while f;; denotes the country-specific coefficient referred
to the k-th basis. Hence, overlapping and diverging patterns in the functions f;(-),
i=1,...,n across time are only regulated by ties among the associated coefficients
Bir. Motivated by our goal of learning such structures, we adapt the strategy in [8]
to incorporate grouping effects for the coefficients f;; via a model-based clustering
induced by the following Dirichlet process prior on the coefficients

iid

ﬁlka"'aBﬂk|FNF7 FNDP((X,F()), FONN(Oan) 3)
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where DP(o, Fy) denotes a Dirichlet process with concentration parameter o and
base measure Fp which is assumed to be a Gaussian distribution with mean 0 and
variance n2. The discreteness of the DP is particularly appealing for our purposes,
since it implies positive probabilities of ties among the coefficients B, inducing
local-clustering across curves as a byproduct. More specifically, denoting as B(*h) o
h=1,...,H, the H; < n distinct values of the B-splines coefficients for the k-th
basis, then, if Bjx = Bjx = ﬁ(*h)k’ countries i and j are expected to exhibit overlapping
life-expectancy trajectories in the interval associated with the k-th spline basis. This
local clustering can be formally characterized by S, = {i: B = [3<*h)k}, and, thus,
inference on the partitions px = {S(1)t,- .-, S,k } provides deeper insights on the
trends underlying life-expectancy, flexibly learning which curves tend to overlap
within specific blocks and characterizing uncertainty of this process.

Prior specification is completed by specifying a conjugate Inverse-Gamma dis-
tribution of the parameter 62 ~ Inv-Gamma(ao, bo), while posterior inference pro-
ceeds via a collapsed back-fitted Gibbs sampler, exploiting the Polya-Urn scheme
of the DP and leveraging the additive representation of the B-splines basis.

3 Preliminary results

We conduct posterior inference using 3000 Gibbs samples after a burn-in of 1000,
setting & = 1, n? = 10, ap = by = 0.01. Effective sample size and autocorrelation
plots did not provide evidence against convergence of the chains. In Figure 2 we
obtain some preliminary results, focusing on the comparison between Italy and USA.

The first column of Figure 2 reports the smoothed estimated for the life expectan-
cies and their associated credible intervals. Results indicate a common increasing
trend for both states and sexes, with several important differences that are worth
mention. In particular, for men we observe a period of overlapping curves in the late
50s, followed by separate trends in the late 60s and again a period of overlap during
the late 70s and early 80s. Women instead report separate trends until the early 60s,
followed by a long period of overlap until the late 80s and a subsequent increasing
separation across the two curves.

These findings are further confirmed by the co-clustering probabilities, estimated
as the proportion of MCMC sample in which Italy and United States are allocated
in the same group. Such quantities are reported, as a function of time ¢, in the sec-
ond column of Figure 2, while the third column of Figure 2 illustrates the ¢, norm
between the estimated life expectancy curves. Both panel indicate a common trend
between men and woman after 1985, and quite different behavior in previous years.

Lastly, we compare the composition of the causes of death in the period of
interest, focusing on premature mortality (< 70 years) in the window of interest
(1970 — 1990); see Figure 3. Such a composition has interestingly changed across
this period of investigation, with the proportion of digestive system diseases and
respiratory diseases showing markedly different trends across Italy and USA. Cir-
culatory system diseases also report interesting trajectories, describing a notable
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Fig. 2: First column: estimated functions f;(r) via posterior mean and associated 95% credible
intervals. Light gray curves represent all estimated countries, while Italy and United States are
highlighted in yellow and black, respectively. Second column and third column focus on the com-
parison between Italy and United States, and depict co-clustering probability and ¢, norm between
estimated functions f(-), respectively.

improvement for Italian women compared to Americans’. Worth to be mentioned is
also the evolution of infectious diseases and the peak associated with AIDS, partic-
ularly severe in the American male population.

4 Discussion

In this article, we have provided a first step toward understanding the differences in
longevity between Italy and the USA. We propose a flexible Bayesian nonparametric
model to learn local-similarities across life expectancy trajectories, locating where
these curves begin to diverge and exploring the composition of the causes of death
around such period.

These preliminary evidences can be interpreted as signals of the evolving changes,
more than explicit causes of the underlying processes. In fact, a proper analysis of
these incredibly complex phenomena should also take into account other factors
influencing the overall mortality level, along with its composition. Some potential
determinants are the evolution of obesity trends and, more importantly, income in-
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equalities, which report substantial discrepancies in the period of interest [9]. In-
cluding the effects of this crucial determinants in our model will be the focus of
future works, currently under investigation.
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