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Abstract

Background. The number of years of life lost (YLL) in a population depends not only
on the number of deaths but also on the age at which the deaths have occurred, and, as
a measure of the burden of premature mortality, is an important piece of information for
public health professionals.

Methods. We calculated YLL in the population of Friuli Venezia Giulia, a 1 200 000 in-
habitant Italian region, in 2013 and the trend in the past 14 years, through a population-
based study using the regional mortality database as the source of information. The same
projected life expectancy estimates for 2050 were used for calculating YLL both in males
and females, for each calendar year.

Results. In 2013, we counted 14 080 deaths and estimated 220 961 YLL. Malignant
neoplasms and cardiovascular diseases accounted for the greatest number of YLL. In-
juries had the highest number of YLL per death. Overall, YLL decreased from 2000 to
2013, but differences were observed for different causes of death. Cancers, cardiovas-
cular diseases, and unintentional injuries showed a decreasing trend, whereas infectious
diseases resulted increasing over time.

Conclusion. This study, estimating the relative impact of different conditions on the
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society though the YLL, is a relevant input for the regional public health agenda.

INTRODUCTION

Mortality data have been used for decades to assess
the health status of countries and for epidemiological
research [1, 2]. In addition to the occurrence of deaths
alone, however, a knowledge of the age at death is also
important to quantify the burden of premature mortal-
ity, i.e., the years that a person would have lived if he or
she had not died prematurely. Recently, the years of life
lost (YLL) have been given great emphasis especially
thanks to the Global Burden of Disease Study [3-5].
The YLL is one of the two components of the disability
adjusted life year (DALY), a measure of the lost years of
healthy life, which combines information on mortality
and healthy years lost because of disability and which
has been largely used as a summary measure of popula-
tion health, at global, national, and local levels [6-9].

At a population level, the YLL may be more useful
than the simple number of deaths when programming
prevention interventions or when allocating public
health resources, because they give different emphasis

to deaths occurring at different life stages. In addition,
monitoring changes in the burden of premature mor-
tality over time may help assessing the effectiveness of
prevention and care programs. For a certain disease or
condition, YLL may change over time due to different
factors: on one side, changes in the incidence of that
disease (primary prevention, changes in lifestyle and in
environmental exposures); on the other side, changes in
the effectiveness of treatment (secondary and tertiary
prevention, innovative drugs and treatment strategies);
finally, changes in mortality from competing causes.

Friuli Venezia Giulia (FVG) is a Northeastern Italian
region with approximately 1 200 000 inhabitants and
a special status allowing some autonomy in the health
policy. To provide some basis for the preparation of
the next regional prevention health plan for the years
2014-2018, we analyzed the burden of premature mor-
tality, as the YLL due to different causes, in 2013 and
the trend of premature mortality from 2000 to 2013 in
FVG.
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METHODS

For this study, we analyzed mortality data from the
regional mortality database of FVG which covers the
entire regional population. In the region, the causes of
the residents’ deaths, reported on the death certificates
by the medical examiners, are coded by personnel of
the local health agencies according to the 9¢ revision
of the International Classification of Diseases (ICD-9).
Later, copies of the death certificates are sent to the
National Institute of Statistics (Istat) which assigns
codes according to the 10t revision of the International
Classification of Diseases (ICD-10) to the causes of
death, regardless of the codes assigned at the regional
level. Therefore, causes of death coded at the regional
and national level might differ, either due to differences
in the ICD versions used or to different interpretations
of the causes reported in the death certificates.

Since individual death records coded at the nation-
al level by Istat are not routinely available to local re-
searchers, we analyzed data from the regional mortality
database for the years 2000 to 2013. Death records are
anonymous and include information on the causes of
death (ICD-9 codes for diseases an injuries 001-999),
on the external causes of injuries an poisoning (ICD-9
codes E800-E999) where applicable, on the deceased
sex and date of birth, and on the date of death.

The years of life lost YLL were calculated as:

Y. (number of deaths at age;) x (the potential life ex-
pectancy at age;).

No social values (e.g., time discounting and age
weights) were incorporated in the calculation.

For potential life expectancy, we used the frontier life
expectancy projected for the year 2050 by the World
Population Prospects 2012 provided by the United Na-
tions [10], as suggested by the World Health Organiza-
tion [11], based on the fact that it may not be appropri-
ate to set the normative loss of years of life in terms of
currently observed death rates, since even for the lowest
observed death rates some deaths can be prevented. In
addition, since the observed death rates in a popula-
tion change over time, the use of a unique frontier life
expectancy allowed us to calculate YLL in the same way
for different years. The United Nations’ standard life
expectancy is set at 91.9 years at age 0 and is the same
for males and females.

Causes of death were classified based on the ICD-
9 codes following the Global Burden of Disease 2000
project [12] into three broad groups: communicable,
maternal, perinatal and nutritional conditions (group I,
CMPN); noncommunicable diseases (group II, NCD);
and injuries (group III, INJURY). In addition, we al-
lowed for a fourth group for ill-defined conditions (IL-
LDEF). Deaths were also classified according to a sec-
ond-level grouping (21 categories plus 2 for ill-defined
conditions) as in the Global Burden of Disease 2000
project [12]: I-A. Infectious and parasitic diseases; I-B.
Respiratory infections; I-C. Maternal conditions; I-D.
Conditions arising during the perinatal period; I-E. Nu-
tritional deficiencies; II-A. Malignant neoplasms; II-B.
Other neoplasms; II-C. Diabetes mellitus; II-D. Endo-
crine disorders; II-E. Neuro-psychiatric conditions; II-
F. Sense organ diseases; II-G. Cardiovascular diseases;

II-H. respiratory diseases; II-I. Digestive diseases; II-
J. Genito-urinary diseases; II-K. Skin diseases; II-L.
Musculo-skeletal diseases; II-M. Congenital anomalies;
II-N. Oral conditions; I1I-A. Unintentional injuries; II-
B. Intentional injuries; U1. Ill-defined diseases; U2. IlI-
defined injuries/accidents.

For the year 2013, we calculated the YLL and the
average YLL (AYLL, i.e., the total cause-specific YLL
divided by the total cause-specific deaths). Also, the
death and YLL rates for each cause were calculated by
dividing the total cause-specific deaths or YLL by the
annual regional population. We also calculated death
rates directly standardized by age category (0-14, 15-
64. 65-74, >75 years) using the total regional popula-
tion as the standard. The deaths, and AYLL for each
cause were calculated for each year from 2000 to 2013.
Time trends were tested through the nonparametric
Mann-Kendall test. All analyses presented for males
and females separately.

The analyses were conducted using SAS Enterprise
Guide v7.1 (SAS Institute Inc. Cary, NC, USA). Trends
were tested through XLStat 2015 (Addinsoft).

RESULTS

In 2013, 14 080 deaths were recorded in the regional
mortality database of Friuli Venezia Giulia among the
residents of the region, which determined 220 961
YLL. The deaths, YLL, rates, and AYLL for each broad
group of causes is shown in Table 1. The absolute num-
ber of deaths and the crude mortality rate are greater
among women than men, for all groups of causes except
injuries. However, the age-standardized death rate, the
AYLL and the number of YLL are greater among men.
In both sexes, the relative weight of injuries is almost
double when considering YLL instead of deaths.

Figure 1 shows the YLL and the AYLL for each of the
23 second-level cause of death groups in 2013. Malig-
nant neoplasms and cardiovascular diseases accounted
for the greatest number of YLL in both sexes (respec-
tively 46 466 in males and 38 857 in females, and 31
139 in males and 27 878 in females). The proportion of
YLL from malignant neoplasms (39% in males and 38%
in females) was greater than the proportion of deaths
(35% and 26%, respectively), whereas the proportion of
YLL from cardiovascular diseases (26% in males and
27% in females) was smaller than the proportion of
deaths (30% and 37%, respectively), as shown in Figure
2, which highlights conditions with a different relative
frequency for deaths and YLL. For both intentional
(1.4% of deaths and 2.8% of YLL in males; 0.4% of
deaths and 1.8% of YLL in females) and unintentional
injuries (2.4% of deaths and 4.0% of YLL in males; 1.3%
of deaths and 1.8% of YLL in females), the percentage
of deaths was smaller than the percentage of YLL. On
the contrary, for respiratory infections and respiratory
diseases in both sexes and neuro-psychiatric conditions
among females, the proportion of deaths was greater
than that of YLL.

Among males, the annual number of deaths has de-
creased from 2000 (N = 6921) to 2013 (N = 6539).
Among females, on the other hand, deaths have re-
mained steady (from 7599 in 2000 to 7541 in 2013).
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Females

Deaths Deaths YLL YLL Deaths/10000 YLL AYLL
% % Crude /10000
(standardized)

Table 1
Years of life lost by sex and broad group of death causes in Friuli Venezia Giulia, Italy, 2013
Males
Cause Deaths Deaths  YLL YLL Deaths/ YLL/  AYLL
% %  10000Crude 10000
(standardized)
I-CMPN 477 73 7648 64 80 1286 160
' ‘ (10.0) : '
94.1
II-NCD 5598 856 99547 832 16739 178
(1129)
42
IMNJURY 247 38 8142 68 ) 1369 330
36
U-LLDEF 217 33 4307 36 724 198
43)
Total 6539 100 119644 100 1100 20118
(1318)

9.0 107.7
571 76 6838 6.7 120
(7.6)
6513 864 87556 864 1026 13704 134
(87.6)
20 539
130 1.7 3423 34 263
(1.9)
52 55.1
327 43 3499 35 10.7
(43)
1188 1596.2
7541 100 101317 100
(101.3)

CMPN: communicable, maternal, perinatal and nutritional conditions; NCD: noncommunicable diseases; INJURY: injuries; ILLDEF: ill-defined conditions; YLL: years of life lost;

AYLL: average years of life lost per death.

Nonetheless, YLL have decreased in both sexes: from
149 559 to 119 644 in males, and from 116 144 to 101
317 in females. Table 2 illustrates, for each second-level
cause of death, the changes in deaths, YLL, and AYLL
from 2000 to 2013. For both males and females, both
the deaths and YLL due to infectious diseases and re-
spiratory infections increased during the study period.
Among females, we also observed an increase in the
deaths from neuro-psychiatric conditions and in deaths
from genito-urinary diseases. In males, we noticed an
increased in deaths from respiratory diseases. Deaths
and YLL due to cardiovascular diseases, digestive dis-
eases, and unintentional injuries decreased during the
study period in both males and females. In both sexes,
YLL due to malignant neoplasms also decreased, de-
spite the number of deaths did not. AYLL decreased for
many conditions: malignant neoplasms, cardiovascular
diseases, digestive diseases, genito-urinary diseases,
and unintentional injuries in both sexes; in females,
AYLL due to neuro-psychiatric diseases also decreased.

DISCUSSION

With this study, we estimated the burden of prema-
ture mortality in Friuli Venezia Giulia, based on the
calculation of the YLL. For this estimate, we used the
new projections of standard life expectancy for 2050
developed by the United Nations [10]. On one side,
this had the disadvantage to overestimate the YLL as
compared with previous studies, because the projected
life expectancy is a sort of maximum average duration
achievable by humans, greater than the values actually
estimated for the population of this region [13]. On the
other side, however, this had several advantages. First,
the projected life expectancy is not influenced by pre-
ventable deaths which currently occur in the popula-
tion, as is observed mortality. Second, if we assume that
such a projection is a theoretical maximum life expec-
tancy, we can apply it to both males and females and to
populations of different years, thus allowing compari-
sons against the same standard.

Consistently with other older population-based stud-
ies conducted in Europe in contexts comparable to our

region (a Spanish study reporting data from 2008 [14]
and a Serbian one with data from 2000 [15]), noncom-
municable diseases accounted for the largest amount
of deaths and YLL in our region (over 80% of YLL),
in particular malignant neoplasms and cardiovascular
diseases, whose relative frequency with respect to YLL
from all causes of death was even higher than in Spain
[14], On the contrary, the relative burden of premature
mortality due to unintentional injuries in our region
was approximately half than in Spain [14]. Overall, in
both genders the relative frequency of YLL from in-
juries in our population was also much lower than in
Serbia [15]. However, this comparison deserves caution
because the Serbian data are 13 years older than ours.
Despite reporting a lower relative importance of can-
cers and a higher importance of cardiovascular diseases
than in our study, an Italian article with mortality data
from 1998 [16] also indicated cancers and cardiovascu-
lar diseases as the leading causes of death and of YLL,
and described the same phenomenon that we observed,
i.e., the proportion of YLL from cancers being greater
than the proportion of deaths, and the proportion of
YLL from cardiovascular diseases being smaller than
the proportion of deaths.

Overall, despite females experienced more deaths
than males, the YLL were fewer and, in fact, the AYLL
were smaller among females. This indicates either that
diseases and conditions are incident at younger ages in
males, or that in males those diseases are more quickly
fatal. Intentional injuries were an exception: for this
condition, non-negligible in terms of YLL in this re-
gions, AYLL were greater for females (almost 50 years)
than for males (less than 40), indicating that efforts
to prevent violence are greatly needed and should be
mainly targeted toward girls and young women.

Injuries, intentional and unintentional, were re-
sponsible for an amount of YLL certainly smaller than
cancers and cardiovascular diseases. Nonetheless, the
AYLL were the greatest, if we exclude perinatal and
congenital condition, which obviously affect infancy
and childhood, and maternal conditions which regard
young women. This means that, although deaths from

N
ORIGINAL ARTICLES AND REVIEWS . . . 8



Francesca Valent and Loris Zanier

U2-ILLDEF INJ
U1-ILLDEF DIS
IIB-INTENTION INJ
IIIA-UNINTENT INJ
IIN-ORAL
IIM-CONGENITA
IIL-MUSCULOSK
1IK-SKIN
11J-GENITOUR
1I-DIGESTIVE
IIH-RESPIRATO
IIG-CARDIOVAS
IIF-SENSE ORG
IIE-NEUROPSYC
IID-ENDOCRINE
IIC-DIABETES
11B-OTH NEOPL
IIA-MALIGNANT
IE-NUTRITIONA
ID-PERINATAL
IC-MATERNAL
IB-RESPIRATOR
IA-INFECTIOUS

B Females
Bl Males

0 5000 10000 15000 20000

U2-ILLDEF INJ
U1-ILLDEF DIS
IIB-INTENTION INJ
IIIA-UNINTENT INJ
IIN-ORAL
IIM-CONGENITA
lIL-MUSCULOSK
1IK-SKIN
1J-GENITOUR
III-DIGESTIVE
IIH-RESPIRATO
1IG-CARDIOVAS
IIF-SENSE ORG
IIE-NEUROPSYC
IID-ENDOCRINE
IIC-DIABETES
11B-OTH NEOPL
IIA-MALIGNANT
IE-NUTRITIONA
ID-PERINATAL
IC-MATERNAL
IB-RESPIRATOR
IA-INFECTIOUS

25000 30000 35000 40000 45000 50000
YLL

0.0 10.0 20.0 30.0 40.0

50.0 60.0 70.0 80.0 90.0 100.0
AYLL

Figure 1

Years of life lost (YLL) and average of years of life lost (AYLL) for each second-level cause of death group, by sex, Friuli Venezia Giulia,

Italy, 2013.

injuries are relatively rare in our region, they occur
among young people and this should be taken into ac-
count when planning the preventive interventions. Sim-
ilarly to what happens for injuries, the relative impor-
tance of YLL due to malignant neoplasms was greater

than the relative frequency of deaths. This means that,
compared with other conditions, such as cardiovascular
and respiratory diseases, the age at death is younger.
Despite the number of deaths did not show a sub-
stantial decreasing trend from 2000 to 2013, YLL seem
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Figure 2

Percentage of years of life lost (YLL) due to specific causes of death and percentage of deaths due to the same causes, Friuli Venezia
Giulia, Italy, 2013. Only categories with a difference in the percentages of deaths and YLL of at least 1 percent point are labelled

in the graph.

to have decreased in both sexes: mortality has been
somewhat postponed, either by reducing deaths or
by increasing the age at which death occurred. Look-
ing at specific causes of death, however, we observed
that only for certain conditions the YLL decreased over
time. For some of them, (e.g., malignant neoplasms)
the reduction was only associated with a reduction in
AYLL, whereas for others (e.g., cardiovascular diseases
and unintentional injuries), it was due to a decrease of
both the number of deaths and of the AYLL. In the first
case, we may argue that the improvement was due to
the disease treatment (e.g., new chemotherapy for can-
cers which prolong survival) or to secondary prevention
(e.g., screening which allowed the detection of cancer at
carlier stages, responding better to treatment), whereas
in the second both treatment and primary prevention
might have had a role. Premature mortality over time
should be monitored and any significant changes should
be further investigated. In fact, they could reflect the ef-
fectiveness of public health policies in the region (or the
lack thereof). Infectious diseases and respiratory infec-
tions, although not representing leading causes of pre-
mature mortality in our population, showed an increas-
ing trend over time, both in terms of deaths and of YLL:
increased frequency of travels and mass migrations, fa-
voring the spread of pathogens [17-19], ageing of the
population [19], or increased antimicrobial resistance
due to improper drug use [19, 20] may be hypothe-
sized as possible causes. Even high-income regions and
countries nowadays face challenges related to commu-
nicable diseases and should not drop their guard. Anti-
microbial use policy, vaccinations, travel medicine, and
health promotion among the more susceptible elderly
and chronically ill persons are warranted.

The validity of our results is strictly dependent on the
validity of the source of mortality data. In the regional

database, the ICD-9 codes for the causes of death, im-
puted by six local coders based on the causes reported
by the medical examiners on the death certificates, may
differ from the ultimate official ICD-10 codes assigned
by the central coders of the national institute of statis-
tics. However, since analyzed broad groups of causes
instead of specific codes, it is unlikely that coding errors
were macroscopic at the point that our estimates were
biased.

The results of this study only depict part of the bur-
den of diseases and injuries in our population. Measures
of the years of life lost because of disability and of the
quality of life of individuals living with chronic condi-
tions would help characterizing the population and pri-
oritizing public health interventions. However, estimat-
ing measures such as the disability adjusted life years
(DALY) or the quality adjusted life years (QALY) at a
population level is difficult since administrative social
and health-related databases lack details on the life of
prevalent cases. Ad hoc research on specific conditions
is needed to provide a better picture of the health gaps
in the population and to improve priority setting and
resource allocation. Nonetheless, through the analysis
of individual-level mortality data of the entire regional
population, we could calculate the burden of premature
mortality in FVG and provide public health profession-
als and policy-makers with accurate information on the
impact of different conditions on society. The main re-
sults of this analysis will be part of the epidemiologi-
cal basis of the new regional prevention health plan of
FVG, confirming the importance of primary and sec-
ondary prevention of cancers and cardiovascular diseas-
es, which determine la largest proportion of YLL, and
stressing the need for effective preventive interventions
directed at unintentional and intentional injuries, which
affect individuals at younger ages.
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Deaths, years of life lost (YLL), and average years of life lost (AYLL) for different causes of death by sex and calendar year, Friuli Venezia Giulia, Italy*

Table 2
Males
Deaths AYLL
Cause 2000 2013 Trends P 2000 2013 Trends
I.CMPN
IAINFECT 43 138 __—" <001 23 183 T T

B-RESP 207 317~~~ 001 138 124 YTV
IC-MAT 0 0 . i

ID-PERINAT 8 11 AN 035 a7 919 AN Y
ENUTR 18 1 AW 03 155 170 A

I.NCD
IAMALIGN 2435 2302 N/ 004 2260 202 T

K[BE-gTH 20 39 TN 001 206 190 —

ICDIAB 119 127 >~ 010 181 163 T N
ggbOCR 41 58 AN 0o 2500 27 T T
KIEE-UROPS 23 276 77 o2 190 173 T

IF-SENSE 0 2 A, o0 - 248 MA 7/
IGCARD ~ 243¢ 1978 T <001 185 157
IH-RESP 250 378 —"7 <001 177 125
IFDIGEST 380 296 T <001 241 202 e
-GENT 76 9 ~" 001 183 128 <
IKSKN 5 6 A~ 100 133 138 M
ILMUSC 19 28 — 003 22 154 T~

%NGEN 9 12 AN 024 488 w27 VAV

IN-ORAL 1 0 w NA_ 082 22 - W AAL
11l INJURY

WAUNINT 336 155 >~ <001 391 311
11B-INT 14 9 TN 000 307 362 N

‘Decreasing trends over the 14 years were highlighted in dark grey; increasing trends in light grey.
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