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SUMMARY

Aim: The aim of this study was to compute the potential gains in life expectancy (PGLES) if the five main groups of non-communicable disease
deaths were eliminated in the Slovak population during 1996-2014, and to decompose PGLEs by five-year age groups.

Methods: PGLES were computed from mortality reports for deaths from ischaemic heart disease (120-25), cerebrovascular diseases (160-169),
cancer (C00-C97), diabetes mellitus (E10-E14), and chronic respiratory diseases (J30-J98) using the life table decomposition technique.

Results: In 2014, life expectancy at hirth was 76.87 years compared to 72.87 in 1996. The highest impact on life expectancy was recorded for
ischaemic heart disease and PGLES have changed from 3.9 years to 4.6 over 1996-2014. However, the trends for other diseases did not fluctu-
ate. The PGLEs of cancer, as the second most influential disease, increased from 3.3 years to 3.6. Conversely, a slight decline was observed in
cerebrovascular diseases from 1.13 years to 1.12, and diabetes mellitus from 0.14 years to 0.13. The proportion of diabetes mellitus and chronic
respiratory diseases in PGLES was low, approaching zero. As far as PGLES among age groups in 2014 are concerened: whereas PGLEs for
ischaemic heart disease mortality reduction are very similar among all age groups they are mostly on the decrease from other causes of death.
However, PGLEs reached a value of 0.13 years in the 0-54 years age-group for diabetes mellitus; this means that the number of years of life lost
are the same for 54 year old people and younger, with the impact of diabetes mellitus declining at age 55 and over. The same scenario is apparent
for cerebrovascular diseases. The impact of mortality from other causes of death is decreasing with age.

Conclusions: Our findings suggest that optimum benefit would be gained from prevention programs for reduction of ischaemic heart disease
mortality in all age groups.
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INTRODUCTION Overall mortality, as well as their groups (according to ICD
10), have just been the significant components of life expectancy

Globally, the ageing of population and extension of life expect- ~ which is considered the aggregate indicator of the population’s
ancy at birth are inevitably coupled with the higher prevalence of  health status (7). In general, life expectancy is the average number
chronic diseases (1, 2). By WHO one of the aims of healthy ageing  of years that x-years old persons could be expected to live if
is to ensure up to 2020 an increase of 20% in life expectancy at  current age-specific mortality rates remain constant throughout
age 65 years and give population over 65 years an opportunity their lifetimes (7). An aggregate character of life expectancy lies
to play an active social role (3). The most optimistic projection in its usefulness for reflecting the effectiveness of systematic,
scenarios for the future development of mortality in Slovakia long-term interventions in primary and secondary prevention
predict by 2060 the increase in life expectancy at birth over 84.7 in the population’s health. Life expectancy is affected by many
years (an increase of almost 12.4 years) for men and more than  factors, e.g. economy, quality of health care, life style, life and
89.1 years (an increase of more than 9.6 years) for women (4).  work condition, environment, and others. According to the latest
The current rates of increase in mortality from circulatory dis- available data in 2014, average life expectancy at birth of the
eases and cancer suggest unfavourable prospects (5). Circulatory  population demonstrated 76.9 years for Slovakia, compared to
diseases, mainly ischaemic heart disease and cerebrovascular 80.6 years in OECD countries and 80.6 years in the EU-28 (8, 9).
diseases, are the most numerous and significant throughout the An alternative way how to measure the impact of decreasing
non-communicable diseases (6). cause-specific mortality rates on the improvement of life expect-
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ancy is to remove a cause of death and to calculate based on life
tables the potential gains in life expectancy (PGLES). PGLEs
take account the size and age structure of population allowing
the comparison across countries.

The aim of the paper is to examine the impact of the major
causes of death on the life expectancy of the Slovak population
and the changing trends in health status between 1996 and 2014.
Previous studies (10-14) have explored life tables contain-
ing potential gains in life expectancy (PGLESs) as a research
method to determine the impact of diseases with the highest
prevalence causing death on the life expectancy of population.
However, most of these studies have focused on the overall
groups of causes of death with relation to the demography but
no with the specific implications on health interventions. For
instance, Lai and Hardy (11) compared the PGLEs with the
years of potential life lost (YPLL) by race and gender group
from HIV, heart diseases, and cancer for US population. They
found that better indicator for the measuring impact of disease
deaths on a population is PGLEs compared to YPLL because
it is not influenced by the age and size population structure. In
China, Liu etal. (12) proved that deaths from accidental injuries
together with chronic diseases play a major role in influencing
life expectancy. Conti et al. (13) found that AIDS and accidents
have higher impact on life expectancy when consider working
group (15-64 years), rather than 50% reduction in cardiovascular
diseases deaths. Generally, it is necessary to observe a neglected
potential of the main causes of death and to encourage steps in
the increase of life expectancy.

MATERIALS AND METHODS

Under the conditions of the contract, data on the number of
deaths by five-year age groups for the period 1996-2014 were ob-
tained from National Health Information Centre of Slovakia. Data
on the mid-year population at the age groups in every year were
downloaded from the Statistical Office of the Slovak Republic.

PGLE reflects how many years on average a person would
live, if a given cause of death was eliminated. In other words,
PGLE expresses years of life lost resulting from a certain diseases
in an age group. So, life expectancy could be extended for these
years. The higher PGLE, the higher impact of the disease on life
expectancy is.

For calculation of PGLEs it was needed to construct the life
tables and the specific life tables regarding causes of deaths in
the Slovak Republic in every year by the methodical tutorials of
Demographic Research Centre (15) and National Vital Statistics
Reports (16). We examined the life expectancy (ex) expressing
the all causes of deaths and cause-eliminated life expectancy
(el?) by elimination of the certain causes of deaths. The Tenth
Revision of the International Classification of Disease (ICD-10)
was used to specify causes of death included in this analysis:
ischaemic heart disease (120-125), cerebrovascular diseases
(160-169), cancer (C00-C97), diabetes mellitus (E10-E14), and
chronic respiratory diseases (J30-J98). We selected these diseases
because they are the main types of non-communicable diseases,
also known as chronic diseases, that significantly burden the
Slovak health system and belong to the most often causes of
death in Slovakia.

Cause-eliminated life expectancy (e ) was the result from
analysis cause-specific mortality and was calculated from the
abridged life table minus causes of death.

According to the Demographic Research Centre, the first step
is the calculation of the probabilities of survival (,p,) from the
all-caused abridged life tables with the formula:

nPx = 1= nqx (1)

where x — the exact age; n — the number of years in the age
interval; , g, — the probability of dying between the beginning of
an age interval and before reaching the end of that age interval.

Then, the probabilities of death eliminating the ith cause
( ﬂqj(;i') ) were estimated by:

2

where D, —the number of deaths in the age interval x to x +
n for all causes; ,D. — the number of deaths in the age interval
xto x + n attributable to the i, cause of death.

Arias et al. (16) report the number of person-years lived
( nL&'i) ) in the age interval x to x + n was estimated for ages 0,
1,5, 10, , 95 by the formula:

Al == )" E% ¥l

where n=1 for x=0, n=4 for x=1, and n=5 for x=5, 10, ...,
95; I, — the number of persons from the original life table who
survive to the beginning of each age interval; (- - the number
of survivals from life table due to the ith causes; L, — the number
of person-years from the original life table within an age interval
xtox+n, and the quantities  f, were estimated from the all-cause

life table by:

(=)

x+n

©)

n- nlx

n'!x -
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The last step is to calculate the number of person-years lived
after exact age x (1" by:

nfx = @)

":x T lx4n

TS0 = 1§94 150+ 4 15D (5)
Finally, the cause-eliminated life expectancy (el ) is cal-
culated as:

(6)

Subsequently, the PGLE of a disease in a certain year is calcu-
lated as the difference between cause-eliminated life expectancy
(e{™?) and life expectancy (ex) in the same year.

PGLE = el —e, )

Mortality rates were age-standardised to the revised European
standard population (17) using the method of direct standardisa-
tion to eliminate variances resulted from differences in age struc-

tures of the population over time.
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RESULTS

Trends of Life Expectancy and Disease Mortality

Between 1996 and 2014, the life expectancy and disease
mortality in the Slovak Republic changed significantly. Life
expectancy at birth in Slovakia increased by 4 years — from
72.9 years in 1996 to 76.9 in 2014. The standardised mortality
rates of cerebrovascular diseases fell from 184.5/100,000 to
140.7/100,000; diabetes mellitus decreased from 19.2/100,000
to 15.3/100,000; ischaemic heart disease from 528.6/100,000 to
446.2/100,000; and cancer from 334.2/100,000 to 316.4/100,000.
However, the standardised mortality rates of chronic respiratory
diseases showed a very small increase from 24.9/100,000 to
26.6/100,000 (Fig. 1).

Trends of Potential Gains in Life Expectancy from
1996-2014

The importance of the various causes of death is measured
by the gain in life expectancy when a specified cause of death
is eliminated.

During the time span 1996-2014, the highest PGLEs were
recorded for ischaemic heart disease, followed by cancer, cer-
ebrovascular diseases, chronic respiratory diseases, and diabetes
mellitus (Fig. 2).

Compared to the cyclical changes in the trends of ischaemic
heart disease, the variability of other diseases was low. The rising
rate of chronic respiratory diseases was the highest (an increase of
45%), from 0.17 to 0.25 years during 1996-2014, although their
impacts on life expectancy are not so marked. On the contrary,
the highest impacts on life expectancy result of elimination of
ischaemic heart disease and cancer, respectively, from 3.92 in
1996 to 4.56 in 2014 (an increase of 16%) and from 3.28 to 3.57
(an increase of 9%). The PGLEs of diabetes mellitus decreased
from 0.14 to 0.13 (a drop of 7%), similarly, for cerebrovascular
diseases from 1.13 to 1.12 (a drop of 0.7%). In particular, the
impact on life expectancy, resulting of elimination of diabetes
mellitus and chronic respiratory diseases, are not so remarkable.

Potential Gains in Life Expectancy in 2014
In 2014, life expectancy at birth for the Slovak population was
76.9 years, calculated from the general life table. Table 1 shows the
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Fig.1. Standardised mortality rates per 100,000 inhabitants for the groups of chronic diseases in the Slovak Republic, 1996—-2014.
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Table 1. Potential gains in life expectancy (in years) at age groups by elimination of the groups of chronic diseases, based on

2014 mortality data

Elimination of

Age LE without IHD CBVD CA DM CRD

group elimination (g,) el gain el gain et gain e gain et gain
0 76.87 81.43 4.56 77.99 112 80.44 3.57 77.00 0.13 77.12 0.25
01-04 76.31 80.90 459 71.44 1.13 79.90 3.59 76.44 0.13 76.56 0.25
05-09 72.39 76.98 459 73.51 1.13 75.97 3.58 72.52 0.13 72.63 0.25
10-14 67.43 72.02 4.60 68.56 113 71.01 3.58 67.56 0.13 67.67 0.25
15-19 62.47 67.07 4.60 63.60 1.13 66.04 3.57 62.60 0.13 62.71 0.24
20-24 57.58 62.19 4.61 58.71 113 61.14 3.56 57.72 0.13 57.82 0.24
25-29 52.72 57.33 4.62 53.85 113 56.26 3.55 52.85 0.13 52.95 0.24
30-34 47.85 52.48 4.63 43.98 1.13 51.39 354 47.99 0.13 48.09 0.24
35-39 43.03 47.67 4.64 44.16 1.13 46.55 3.52 43.16 0.13 43.26 0.23
40-44 38.28 42.93 4.65 39.41 113 41.76 348 38.41 0.13 38.51 0.23
45-49 33.61 38.28 4.66 34.73 1.12 37.06 3.44 33.74 0.13 33.84 0.23
50-54 29.14 3381 4.67 30.24 1.10 32.48 3.34 29.27 0.13 29.36 0.22
55-59 24.88 29.55 4.68 25.97 1.10 28.02 314 25.00 0.12 25.09 0.22
60-64 20.92 25.59 4.67 21.99 1.07 23.75 2.82 21.04 0.12 21.13 0.21
65-69 17.23 21.92 4.68 18.28 1.05 19.63 2.40 17.34 011 17.42 0.19
70-74 13.73 18.43 4,70 14.73 1.00 15.65 1.92 13.83 0.10 13.90 0.17
75-79 10.51 15.22 471 11.44 0.93 11.96 1.45 10.59 0.08 10.65 0.14
80-84 7.74 12.44 4.70 8.57 0.83 8.75 1.01 7.80 0.06 7.84 0.11
85-89 5.62 10.31 4.69 6.30 0.69 6.27 0.65 5.66 0.04 5.69 0.07
90-94 415 8.80 4.65 4.67 0.52 454 0.40 418 0.04 4.20 0.05
95+ 3.75 8.38 4.63 4.05 0.30 391 0.15 3.78 0.03 3.78 0.03

LE - life expectancy; ex — life expectancy without elimination; es™ _ cause-eliminated life expectancy; IHD — ischaemic heart disease; CBVD — cerebrovascular diseases;

CA - cancer; DM — diabetes mellitus; CRD — chronic respiratory diseases

PGLEs at birth and for five-year age groups through the elimina-
tion in mortality from ischaemic heart disease, cerebrovascular
diseases, cancer, diabetes mellitus, and chronic respiratory dis-
eases. The values of PGLEs at birth resulting from these causes
of death were respectively, 4.56, 1.12, 3.57, 0.13, 0.25 years. It
is noteworthy that PGLEs of ischaemic heart disease mortality
reduction are very similar among age groups, while from other
causes of death are partially decreasing. This means that the
impact of IHD mortality elimination is comparable among all
age categories what reflects to the very high proportion of IHD
mortality in elderly. For example, after elimination of IHD deaths,
a person at birth could be expected to live 4.56 years longer than
the actual LE at birth (76.9 years). Similarly, a person at 75-79
years old could live 4.71 years longer than actual LE at this age
group (10.5 years). On the other hand, the impact of mortality
from other causes of death is mostly decreasing with age.

Commonly, as one would appreciate, the elimination of a dis-
ease results in rather lower rise in life expectancy at older ages.
It is seemed in cancer, as the PGLEs continuously decrease until
age 95+, reaching a value that is very low compared with the
PGLE at birth, from 3.57 to 0.15 years.

Cerebrovascular diseases have reached the third largest impacts
on LE. The PGLEs are nearly the same up to the 40-44 years old,

similarly for diabetes mellitus up to the 50-54 aged. According to
the hypothesis of the elimination of diabetes mellitus, the PGLE
at the value 0.13 means the years of life lost which are the same
for 54 years old people and younger. This shows that people in
working age groups could gain most benefits from the diseases
elimination.

Chronic respiratory diseases represent the smallest impact on
life expectancy. Their excluding had the slowly falling effect on
life expectancy among age groups. For instance, life expectancy
extended by an additional 0.25 years at ages 0-14, 0.24 years at
ages 15-34, etc., approaching zero.

DISCUSSION

Our results demonstrate competing risks of death as candidate
diseases for prevention. Gains in life expectancy from complete
elimination of the disease evaluate the burden of disease in public
health. These findings have implications for making decisions
in health policy, mainly on allocating of scarce resources. Total
elimination of a certain cause of death is not likely, on the other
hand, it provides the real strength to the other competing risks
of causes of death.
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In terms of gained years, the highest benefit would be obtained
by prevention programs for reduction of IHD mortality among all
age groups. From the second half of the twentieth century, changing
economic, social and demographic profiles led to the emergence
of chronic diseases. Slovakia has belonged to the leading countries
with the highest prevalence of cardiovascular disease mortality.
Their growth depends largely on population’s lifestyle that belongs
to the modifiable risk factors. The interventions, like cheaper
healthy foods, on the contrary, taxation of unhealthy foods, and
their correct marking according to the amount of sugar, fats, salt
and energy value, should be implemented. Thus, it is necessary
to carry out prospective and intervention studies resulting in the
early identification and decrease of risk factors, subsequently, in
the reduction of mortality.

It is disturbing that the impact of cancer on life expectancy
has been nearly unchangeable since 1996. Moreover, PGLEs of
cancer have slightly increased for the last three years, in spite of
the modern medicaments and treatment techniques. In addition
to the risk factors, health care professionals play a major role in
spreading awareness of cancer prevention. Responsibilities of
general practitioners are mostly focused on the screening and
early diagnosis. General practitioner should play a key role in the
phase that precedes the diagnosis, for instance, routinely providing
information on the harmful effects of smoking.

Decline of PGLEs of DM expresses the falling impact of DM
on life expectancy. It is desirable to maintain this trend in the
coming years by education of the whole society about the risks
of DM, but especially by screening for this disease within the
preventive physician visits. However, deaths from DM are often
accompanied by cardiovascular diseases, so the improvement of
life expectancy would be more significant, if the communication
between these medical fields were apparent and effective. The
impact on LE is the same up to the ages 50-54, what means that
children and working age people could live longer than the values
of life expectancy without elimination at a certain age group, in
the case of total elimination of DM.

The highest increase was recognised in the PGLEs of CRD
what appreciates the worsening environment, air and water pol-
lution, solid waste, etc. It is proved that non-smokers who live
together with the smokers in households suffer from respiratory
allergies at least two times more than those who live with the
non-smokers (3). So, not only health sector, but also environment
sector should take into consideration the responsibilities for the
impact of CRD on life expectancy.

A coordinated system of health cooperation between health pro-
fessionals and researchers in the field of health policy, for example
a system of day surgery, has lacked in Slovakia (18-21). Regular
implementation of cross-sectional studies, relating to the develop-
ment, impact, as well as elimination of risk factors affecting morbid-
ity and mortality of the Slovak population, will provide a platform
of the preventive and intervention strategies for non-communicable
diseases (22). These programs should be launched, monitored and
assessed also in the context of regional disparities in health.

CONCLUSIONS

The method of PGLEs of a certain cause of death ensure the
comparability across different population, because considers age

and size structure of population. Moreover, this indicator measures
the competing risks of causes of death expressing the limiting
value to which the lifetime could be extended. The consequences
of the impacts of NCD remain serious about the quality of life
and long-term high costs for treatment. Comprehensive analyses
of the causes of death are a basis for creating the strategic solu-
tions and for guiding prevention, treatment and care of the Slovak
population (23-26).
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