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The gender gap in lifespan disparity as a social
indicator of international countries: A fuzzy
clustering approach
Il divario di genere nella longevità come indicatore
sociale per paesi internazionali: Una classificazione fuzzy

Leonardo Salvatore Alaimo, Pierpaolo D’Urso and Andrea Nigri

Abstract In this paper, we apply a Dynamic Time Warping-based Fuzzy C-Medoids
clustering model with Exponential transformation (DTW-Exp-FCMd) to the mul-
tivariate time series of the gender gap in longevity indicators, namely life ex-
pectancy and lifespan disparity at birth. Data are collected from the Human Mor-
tality Database, obtaining longevity measures using mortality rates, and then com-
puting the gap as the ratio F/M. By exploiting the clustering information we are
able to gain better insights into the gender gap in longevity over time and countries.
Its monitoring might play a crucial role for the public and private sector, and in order
to gain long-term sustainability goals.
Abstract In questo articolo, applichiamo un modello di classificazione fuzzy, il Dy-
namic Time Warping-based Fuzzy C-Medoids clustering model with Exponential
transformation (DTW-Exp-FCMd), alle serie temporali multivariate del divario di
genere in due indicatori di longevità, l’aspettativa di vita e la disuguaglianza di du-
rata della vita alla nascita. I dati sono raccolti dallo Human Mortality Database e le
misure di longevità sono ottenute utilizzando i tassi di mortalità, e poi calcolando il
gap come rapporto F/M. Sfruttando le informazioni ottenute dalla classificazione,
siamo in grado di ottenere una migliore comprensione del divario di genere nella
longevità nel tempo e nei paesi. Il suo monitoraggio potrebbe giocare un ruolo cru-
ciale per il settore pubblico e privato, e per ottenere obiettivi di sostenibilità a lungo
termine.
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1 Introduction

Health indicators as life expectancy at birth are crucial in measuring the quality of
life ([2];[3]). Its appeal relies on the ability to enclose and summarise all the factors
affecting longevity. Indeed, even though developed countries have recently experi-
enced stability in mortality and long periods of increasing life expectancy, diverging
trends emerged, with some countries stagnating, some decelerating, showing differ-
ent speeds [6]; [5] It is important to note that populations with the same level of
life expectancy may have different variability in the distribution of the age at death.
An additional indicator able to provide a measure of dispersion in the age-at-death
is the lifespan disparity, which can be considered an estimation of the heterogene-
ity at the population level ([1]). Albeit this aspect is still neglected in the study of
well-being and social indicators at the aggregate level, it might be crucial in the
economics, public system, as well as in determining sustainability goals. The study
plays a major role when considering gender differences in longevity heterogeneity
around the globe. Therefore, we strongly believe that it is urgent to delve into the
subject as, so far, there are no scientific contributions that provide monitoring of the
gender gap in life span disparity, even more so from a global perspective. Moving
from these considerations, we analyse the patterns of both lifespan disparity and life
expectancy gender gap series, by identifying different phases and transitions that al-
low clustering countries according to their longevity dynamics. Indeed, changes in
health indicators for a group of countries might be attributable to common factors,
such as similar socioeconomic circumstances shared improvements in public health,
and medical technology, then it makes sense to treat them jointly.

The paper is organised as follows. Section 2 presents the indicators and the meth-
ods used. In Section 3 the application and the main findings are shown. Conclusions
in Section 4 summarise the obtained results.

2 Data description and methods

2.1 Demographic measures

Period life expectancy at birth is the most widely used indicator of population health
and longevity. It refers to the expected average age at death for a synthetic cohort of
newborns, that experience the mortality risks of that time throughout their lifespan.
We define the life expectancy at age x and time t in a given population, as follows:

Book of short papers

238



Title Suppressed Due to Excessive Length

ex,t =

∫ ∞
x S(y, t)dy

S(x, t)
(1)

Where, where S(x, t) = exp(−∫ x
0 µ(a, t)da) and µ(a, t) are the survival function

and the force of mortality respectively.
Thus, we can introduce the lifespan disparity as an indicator representing the life

expectancy lost due to death by an individual aged x at time t.
Formally the lifespan disparity at birth is defined as follows:

e†
0,t =−

∫ ∞

0
S(a, t) · lnS(a, t)da (2)

We consider the gender gap in lifespan disparity (G(e†
0) = e†

0,t,Female/e†
0,t,Male)

and in life expectancy (G(e0) = e0,t,Female/e0,t,Male) at birth, using historical data
provided by the Human Mortality Database (HMD).

2.2 Clustering method

In this work, we deal with a three-way time data array X of the type ”units ×
variables × times” [3]. Specifically, we consider 33 counties and the two gender
gap variables, G(e†

0) and G(e0). Data are available from 1990 to 2015. Formally:
X≡ {xi jt : i = 1, . . . ,33; j = G(e†

0),G(e0); t = 1990, . . . ,2015}. We must clarify that
observed levels equal to 1 indicate an absence of a gender gap for both variables. On
the contrary, values different (higher or lower) from 1 represent clear evidence of
diverging behaviours in longevity between male and female populations. It is worth
noting that life expectancy has a growing dynamic; thus, high values correspond
to improvements in longevity. On the contrary, the measure of lifespan disparity is
characterised by a monotonous decreasing trend, where lower values represent less
dispersion and therefore, improvements in longevity levels.

The clustering method chosen is the Dynamic Time Warping-based Fuzzy C-
Medoids clustering model with Exponential transformation (DTW-Exp-FCMd) (for
details, see: [3]), based on the Exponential transformation of the Dynamic Time
warping distance [8] and well-known and used in literature (for instance, see: [2]):





min : ∑I
i=1 ∑C

c=1 um
ic expd2

DTW (Xi, X̃c) =

∑I
i=1 ∑C

c=1 um
ic

[
1− exp

{
−β d2

DTW (Xi, X̃c)
}]

s.t. ∑C
c=1 uic = 1, uic ≥ 0

(3)

where
uic =

1

∑C
c′=1

[
[1−exp{−β d2

DTW (Xi,X̃c)}]
[1−exp{−β d2

DTW (Xi,X̃c′ )}]

] 1
m−1

. (4)
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The optimal partition, C, has been chosen by means of the the Xie-Beni criterion
[7]:

min
C∈ΩC

: IXB =
∑n

i=1 ∑C
c=1 um

ikd2
DTW (Xi, X̃c)

I minc,c′ d2
DTW (X̃c, X̃c′)

(5)

where ΩC represents the set of possible values of C (C < I). The optimal number
of clusters C is identified in correspondence with the lower value of IX B (for more
detail, please see: [2]). The used time series clustering approach presents all the gen-
eral advantages connected to the fuzzy theory in a clustering framework, is sensitive
in capturing the dynamic characteristics of the time series and inherits the advantage
connected to DTW distance (for details, please see: [2]).

3 Application and results

We compute the Xie-Beni index for 2≤ c≤ 6 obtaining these results: IXB(c = 2) =
0.079; IXB(c = 3) = 0.061; IXB(c = 4) = 0.143; IXB(c = 5) = 0.146; IXB(c = 6) =
0.331. Accordingly, we selected the 3 clusters partition. For the evaluation of the
fuzziness, we need to specify a cut-off point for the membership degree. Given a
three-cluster situation, if the membership degrees in two clusters are between 0.3
and 0.7, we can affirm that the situation of the corresponding unit is fuzzy. Conse-
quently, the value 0.7 has been chosen as cut-off. Therefore, those countries that do
not have at least that value as membership degree to a cluster are considered fuzzy
(for more information on the choice of cut-off, please see: [2, 4]).

Fig. 1: Clusters composition. 33 Countries. Years 2010–2015
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The optimal solution identifies 3 Clusters: Cluster 1 (6 countries) with Belarus
(BEL) as medoid, Cluster 2 (14 countries) represented by Norway (NOR) and Clus-
ter 3 (11 countries) with Slovenia (SVN) as medoid. There are two fuzzy countries,
Germany (DEU) and Switzerland (CHE). Figure 1 shows the subdivision of the
countries according to the cluster to which they belong and the matrix with the
membership degrees.

Fig. 2: Comparison among Cluster 1, Cluster 2, Cluster 3 and fuzzy counties:
Switzerland (CHE) and Germany (DEU).

The membership of each country to its respective cluster, except for the fuzzy
counties, is clear and unambiguous. Clusters are clearly characterised, as we can
observe in Figure 2. Countries of Cluster 1 present the worst situation in terms of
gender equality. It is interesting to note how it includes the countries of the former
Soviet bloc, including Russia (RUS), and the USA. Cluster 3 includes those coun-
tries having better situation in terms of gender equality, both for life expectancy
and lifespan disparity. Finally, Cluster 2 consists of countries with a intermediate
level of gender equality (between Cluster 1 and Cluster 3). CHE and DEU present
a fuzzy behaviour, staying between Cluster 3 and Cluster 2. We can affirm that they
are countries with an intermediate level and a propensity to increase it.

4 Conclusions

The results of this preliminary study show that the evolution of the gender gap in
both longevity indicators follows a homogeneous pattern with different timing and
transitions. The identified clusters reflect the demographic theoretical background of
life expectancy and lifespan disparity at birth phases and transitions. Our findings
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support the exists of a best practice cluster characterised by lower levels of gaps,
composed of countries that recently achieved constant growth in life expectancy
levels. Furthermore, we bring evidence of the worst scenario, where the gender
gap monitoring might play a crucial role for the public and private sector, pension
schemes, and health policies are prime examples. In this context, our analysis dis-
plays those countries that experienced stagnation (USA) or deceleration in longevity
(Eastern countries). Here can be found the Russian case, where the literature well-
documents the gender difference in life expectancy due to alcohol consumption and
the excess of cardiovascular mortality for the male population.
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