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Summary

Purpose: Mortality expressed as potential years of life lost
(PYLL) underscores premature and preventable mortality.
We analysed causes of and trends in premature death in
Switzerland to highlight the areas which provide the
greatest potential outcome for preventive measures.

Methods: Premature mortality rates and trends from
1995–2006 were examined by reviewing potential years of
life lost between age 1 and 70, as the upper age limit, con-
sidering 4 main categories: circulatory diseases, cancer, ex-
ternal causes of mortality and other causes, and 19 specific
causes of death. Trends were assessed using join point ana-
lysis with PYLL expressed as age-standardised rate. The
analysis was based on the official death certification files
provided by the Swiss Federal Statistical Office.

Results: Age adjusted PYLL rates decreased for all cat-
egories of causes, but the decline in cancers was modest
compared to circulatory diseases and external causes. The
strongest downward trends were observed for AIDS, traffic
accidents and ischaemic heart disease. In women breast
cancer contributed most to the decline of premature mor-
tality but remains the first cause of early death. Lung can-
cer in women is the only cause of premature mortality with
rising trends.

Conclusions: Past efforts in prevention, early detection
and treatment, but also a healthier lifestyle and other
factors, have very probably contributed to the considerable
reduction in the rate of potential years of life lost, but the
rising rate of premature mortality caused by lung cancer
in women is of concern. Persistent efforts in prevention
and early detection are required to further reduce premature
death and its burden on society.

Key words: premature mortality; causes of death; time
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Introduction

The concept of years of life lost to premature death in-
volves both frequency of death and age at which death oc-
curs. This measure is meant to assess the impact of major
causes of death on a population. Traditional mortality in-
dicators are calculated as age-standardised mortality rates
based on a “standard” population, so that the rates can be
compared in space and time. Mortality rates describe the
amount of death in a society and are used to determine time
trends of major causes of death, but they fail to quantify the
burden of loss resulting from this mortality [1]. Different
methods have been proposed to quantify the economic and
social impact of untimely death, each with a slightly dif-
ferent emphasis, but all of them include some measure of
number of deaths and distribution of age at death.

Potential years of life lost between ages 1 and 70
(PYLL) was proposed as an indicator with the primary ob-
jective of ranking major causes of premature mortality [2].
This measure complements traditional incidence and mor-
tality rates and highlights special areas on which preventive
activities might usefully focus. It is often quoted as meas-
uring preventable death.

The relative importance of causes of premature death
is changing over the course of time. Knowledge of actual
trends and projection of future mortality are essential for
appropriate and economically efficient health care plan-
ning, and to measure the impact and effectiveness of health
care measures taken in the past. Improved medical treat-
ments, preventive measures, but also risk behaviour
(smoking) have a direct impact on mortality [3]. Socioeco-
nomic features such as income and education may affect
access to medical care or influence risk behaviour and con-
tribute to differences in mortality and the relative import-
ance of its causes [4, 5].

In Switzerland, premature mortality rates have been
steadily decreasing. Many preventive measures have had
a highly satisfactory and sometimes spectacular impact in
curbing untimely deaths.
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The aim of this study is to provide an updated analysis
of causes and time trends of premature deaths in Switzer-
land from 1995 to 2006, and to highlight the areas which
may benefit from additional preventive measures.

Methodology

Data sources and management
All data presented in this article are derived from the of-
ficial death records of the Swiss Federal Statistical Office.
Death certificates are established by certified doctors as
specified by the ICD rules for completion of death certi-
ficates [6]. Cause of death is coded at the Federal Statist-
ical Office by trained staff. The 10th revision of the Inter-
national Classification of Diseases (ICD – 10) has been in
use since 1995 [7]. Prior to 1995 ICD-8 codes were ap-
plied with different priority rules. This change in coding
policy requires inclusion of a correcting factor for data up
to 1994 [8]. For this study all individual deaths occurring in
Switzerland from 1995–2006 were included. The database
can be regarded as virtually complete.

Potential years of life lost (PYLL) were calculated ac-
cording to the method proposed by Romeder [2]. The meth-
od consists of a summation of the number of deaths oc-
curring at each age (between age 1 and 70) multiplied by
the remaining years of life had the deceased lived up to
age 70. Individual age at death was used for the computa-
tion. To compare potential years of life lost over time, the
age-standardised rate of PYLL per 100 000 persons was
calculated, using data of resident population (in five year
groups) from the Federal Statistical Office. The European
population was used as standard [9]. Only age-standardised
rates were included in the analysis. PYLL rates were cal-
culated separately for both sexes. Computation of rates of
PYLL was performed with Stata version 10 [10].

Four main categories of death causes were analysed.
Cancer, circulatory diseases and external causes of mortal-
ity are major contributors to premature years of life lost.
The remaining causes were grouped in the category “other
causes”. The cancer sites analysed as single cause were
limited to the top six by rate of PYLL either in 1995 or
2006 for each sex. Within the other categories some of the
more relevant and well defined causes, which either have
a major impact on premature mortality (traffic accidents),
are responsive to prevention programmes (alcoholic liver
diseases, chronic respiratory diseases), or have been scaled
down by recent medical progress (AIDS), were selected for
analysis. (See classification in table 1).

Statistical analysis
The time trends for each cause or cluster of causes were
analysed by joinpoint software [11] using a log linear mod-
el assuming constant variance [12]. These models identify
the moments (joinpoints) at which significant changes in
the time trends occur by performing several permutation
tests [13]. The estimated annual percent change (APC) is
computed for each identified trend by fitting a regression
line to the natural logarithm of the rates using calendar year
as regressor variable:

y = a + bx, where y = ln(rate) and x = calendar year, the
APC is estimated as 100*(eb-1)

Average annual percent change (AAPC) was calculated
that embraces the whole period, even with changing time
trends. In this case AAPC is estimated as a weighted av-
erage of the join point APC’s, with the weights equal to
the lengths of each segment. Significance level was fixed at
0.05%. Trends of PYLL for the main categories were com-
pared to overall trend in PYLL by applying the join point
comparability test for parallelism [14].

Results

The chief causes of premature mortality in men in 2006
were external causes, responsible for 32% of potential
years of life lost, followed close behind by cancer (27%)
(fig. 1). In women, the leading category of causes for pre-
mature mortality is cancer, accountable for 42% of poten-
tial years of life lost in 2006. For men and women com-
bined, cancer is the main cause of premature death: In
2006 a total of 186 916 potential years of life were lost in
Switzerland; 63 496 were down to cancer. The most im-
portant single causes of premature mortality for men and
women in recent years are shown in figure 2.

Annual rates of PYLL for all cause categories have de-
creased substantially over the period. The rate of premature

Figure 1

The relative importance of the major categories of causes of
premature death expressed as percentage of overall rate of PYLL.
Standardized rate of PYLL for men dropped from 5476 (/ 100’000
population) in 1995 to 3427 in 2006, and for women from 2688 to
1945

Figure 2

Leading causes of premature death based on 5-year mean of
standardized rate of PYLL
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death was higher in men, and the decline more important,
from 5476.4 per 100 000 in 1995 to 3427.1 per 100 000
population in 2006, with a decrease of –34%, as shown
in table 2. Average annual percent change (AAPC) for all
causes was –3.7%. In women the rate declined from 2687.8
to 1945.2 per 100 000 population. This implies a reduction
of –25% with an AAPC of –2.7%. The male to female ratio
changed little, from 2.0 to 1.8.

The prime category of causes of premature mortality in
men, external causes, decreased by –31% during this peri-
od, with traffic accidents declining –48%. Cancers contrib-
uted least of all to the reduction in the rate of premature
deaths: –22%, or –2.2% per year. The trend slope for can-
cer was significantly flatter than the trend slope for all
causes (p <0.002). Premature mortality due to circulatory
diseases decreased by –37% in men, or –4.6% per year,
ischaemic heart disease contributing with –41% and
cerebrovascular disease with –34%. The category “other
causes” contributed most to the reduction of premature
mortality in men, the rate declining by –45% during this
period (–5.3% per year). A major contribution to this de-
crease came from AIDS: –90%.

Cancer caused most premature deaths in women. Can-
cer was also the category showing the least decline: –17%
over the whole period. The trend slope was significantly
less steep than the slope for all causes in women (p<0.006).
Breast cancer, which remains the cancer site with the
highest premature mortality, contributed to this decline
with a remarkable decrease of –33% but an increase in the
rates of PYLL for lung cancer by +30% was a significant
counterweight to the decrease in cancer. The adverse trends
of female lung and breast cancer are shown in table 2. The
category external causes decreased by –20%. A reduction
in rate of PYLL of traffic accidents by –55% contributed
to this decline. Rate of PYLL for circulatory diseases de-

creased most: –41% (or –4.6% per year) and the trend slope
was significantly steeper than the trend slope for all causes
(P <0.003). Ischaemic heart diseases contributed to this re-
duction with a decline of –44%. The category of all oth-
er causes decreased by –34% in women during this peri-
od, this slope being also significantly steeper than the slope
for all causes (P <0.04). The main contribution to this trend
came from AIDS, with a reduction of –88%.

The comparability test showed significant differences
for some time trends between men and women: the trend
slopes for cancers (p <0.01) and external causes (p <0.008)
were significantly steeper in men than in women.

Most trends were described by a single linear segment
throughout the period studied. One breakpoint (join point)
was identified in the trends for premature years of life lost
to AIDS for men (in 1999) and women (in 2001) with a
slow-down trend in the most recent period. On the other
hand the downward trend for traffic accidents in men ac-
celerated after a breakpoint in 2004.

Despite these trend differences the relative ranking of
the major categories has not changed since 1995. The sub-
categories or single causes analysed represented approxim-
ately 51% of total rate of PYLL (men and women). The
most notable change in relative ranking of causes was ob-
served for AIDS.

Discussion

Summary of results
This analysis documents a continuous decrease in prema-
ture mortality. The declines are larger for men than for wo-
men, but overall rates remain higher for men. Overall, can-
cer is the primary cause of premature death, although in
men rate of PYLL for external causes is, today, still slightly

Table 1
Classification of categories of causes and causes analysed for trends of PYLL.

Causes and clusters of causes analysed Classification of diseases according to ICD-10

Main category Sub-categories or causes chapters

Cancer Lung, colorectum, breast, CNS, pancreas, ovary, stomach, ORL, liver, leukaemia Neoplasms (II) C00-D48

Circulatory disease Ischaemic heart disease, cerebrovascular disease Circulatory system (IX) I00-I99

External cause Traffic accident,
Suicide

External causes (XX) V01-Y98

AIDS Infectious and parasitic diseases
(I)

A00-B89

Blood & immune mechanisms
(III)

D50-D89

Diabetes Endocrine, nutritional &
metabolic (IV)

E00-E90

Mental & behaviour (V) F00-F99

Nervous system (VI) G00-G99

Chronic pulmonary disease Respiratory system (X) J00-J99

Alcoholic liver disease Digestive system (XI) K00-K93

Skin and subcutaneous system
(XII)

L00-L99

Musculoskeletal & connective
tissue (XIII)

M00-M99

Genitourinary system (XIV) N00-N99

Congenital & chromos.
malformation (XVII)

Q00-Q99

Other cause

Symptoms unknown / not
classified (XVIII)

R00-R99

* Chapters without or with very few observations of premature death were omitted
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above the rate for cancers. The relative importance of can-
cer as a cause of premature mortality has been boosted by
its moderate decline, together with the rising rate of female
lung cancer. Major reductions in premature mortality have
been observed for AIDS, traffic accidents and ischaemic
heart disease, especially in women.

Figure 3

Evolution of rate of PYLL for lung and breast cancer in women from
1995 to 2006

Higher premature mortality rates for men than for wo-
men are common in all parts of the world [15]. Rates of
early death have decreased in Western countries over the
last few decades [16, 17]. In high income countries and
in Western Europe external causes and cancers remain the
main cause of premature death for men [16, 18, 19]. Car-

Figure 4

Breakpoint in slope of rate of PYLL for traffic accidents in men in
2004, coinciding with the reduction of the maximum blood alcohol
level permitted for drivers to 0.5‰ in 2005

Table 2
Standardised rates of PYLL per 100 000 and their trends over time.

Men Women

Rate of PYLL / 100 000 population Trend Rate of PYLL / 100 000 population Trend

Rate
1995

in% Rate
2006

in% AAPC P< % Change Rate
1995

in % Rate
2006

in % AAPC P< %Change

All causes 5476.4 100 3427.1 100 –3.7 0.01 –34.2 2686.8 100 1945.2 100 –2.7 0.01 –25.8

Cancer: 1254.6 23 938.6 27 –2.2 0.01 –21.8 1021.9 38 820.4 42 –1.7 0.01 –16.9

ORL 65.4 1 50.4 1 –2.8 0.05 –26.8 14.8 1 12.5 1 –0.9 ns –9.5

Stomach 54.8 1 32.6 1 –3.5 0.01 –32.1 26.9 1 22.5 1 –2.6 0.01 –25.1

Colon 68.7 1 56.4 2 –1.5 0.05 –14.9 43.6 2 33.2 2 –1.9 0.05 –19.2

Liver 50.0 1 54.6 2 0.6 ns +6.2 12.8 0 19.7 1 2.1 ns +25.1

Pancreas 48.0 1 49.7 1 –0.5 ns –5.7 41.0 2 33.9 2 –0.6 ns –6.4

Lung 302.9 6 218.3 6 –2.5 0.01 –25.7 111.9 4 137.8 7 +2.4 0.01 +29.5

Breast * * * * * 310.2 12 205.8 11 -3.5 0.01 –32.8

Ovarian - - - - - 68.4 3 54.6 3 -2.0 0.05 –20.2

CNS 93.0 2 84.2 2 –0.3 ns –3.5 42.9 2 58.9 3 +2.9 0.05 +37.1

Leukaemia 73.6 1 44.7 1 –3.5 0.05 –32.6 47.2 2 21.4 1 –2.7 ns –25.7

Other cancers 497.6 9 347.5 10 –2.5 0.01 –24.6 302.2 11 219.8 11 –2.8 0.01 –26.5

Circulatory diseases 923.0 17 580.0 17 –4.1 0.01 –36.6 304.2 11 186.7 10 –4.6 0.01 –40.7

Ischaemic heart disease 499.0 9 296.6 9 –4.6 0.01 –40.7 89.2 3 54.5 3 –5.2 0.01 –44.1

Cerebrovascular disease 100.3 2 68.2 2 –3.7 0.01 –34.3 59.8 2 51.4 3 –3.3 0.01 –30.8

Other circulatory diseases 323.8 6 215.2 6 –3.3 0.01 –30.8 155.2 6 80.8 4 –5.0 0.01 –43.1

External causes: 1556.7 28 1085.4 32 –3.3 0.01 –30.8 518.2 19 421.6 22 –2.0 0.01 –20.3

Traffic accidents 457.3 8 218.1 6 –6.5 0.01 –48.3 148.9 6 61.0 3 –7.1 0.01 –55.4

Suicides 654.0 12 447.9 13 –3.7 0.01 –33.9 219.0 8 187.2 10 –1.4 0.05 –14

Other external causes 445.4 8 419.4 12 –1.8 ns –18.1 150.3 6 173.4 9 +0.3 ns +2.9

Other causes: 1742.1 32 823.1 24 –5.3 0.01 –45.3 842.5 31 516.6 27 –3.8 0.01 –34.4

AIDS 200.4 4 21.2 1 –16.1 0.01 –90.4 83.2 3 9.3 0 –15.6 0.05 –87.7

Alcoholic liver disease 132.0 2 89.1 3 –4.2 ns –32.8 55.8 2 46.7 2 –2.3 0.05 –22.9

Chronic respiratory disease 53.5 1 27.9 1 –5.8 0.01 –48 22.5 1 27.0 1 –0.1 ns –0.9

Diabetes 25.7 0 26.0 1 –1.7 ns –17.6 11.1 0 8.8 0 –3.6 0.05 –33.1

other causes in this group 1330.5 24 658.9 19 –4.9 0.01 –42.1 669.8 25 424.8 22 –3.3 0.01 –30.8

AAPC: Average Annual Percent Change (last 10 observations). in %: sum may not reach 100 because of rounding
ns: not significant: the observed trend (and % change) is not significantly different from zero and may be due to random variation
Change %: decrease or increase of rate of PYLL from 1995 to 2006 in percent (of modelled values)
ORL: Lip, oral cavity and pharynx; CNS: central nervous system
*Rates of PYLL were suppressed if the numerator was less than 30 cases per year
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diovascular diseases are another leading category in early
death [15].

Trends in premature mortality
In Switzerland premature mortality rates for all major cat-
egories of causes have declined since the 1970s, but the
downward trend of cancer has shown a different pattern:
the decline has been less marked, and the gap between the
sexes is less pronounced [20]. Our results are in accord-
ance with these findings. Lung cancer is preventable to a
large extent, but mortality rates for lung cancer in women
have been steadily increasing in many Western countries;
since the mid-1980s a recent decline from a very high level
has been observed in the United Kingdom and the Neth-
erlands [21]. Conversely the mortality rates for lung can-
cer in men have started to decline in most countries, in-
cluding in Switzerland [21–23], but remain at a very high
level. The decrease in the mortality rate for colon cancer in
Switzerland, another cancer responsive to early detection,
paralleled the development in most western and northern
but not southern European countries. The rate in Switzer-
land is among the lowest in Europe [23]. A strong down-
ward trend in breast cancer mortality has been documen-
ted in Switzerland [24] and countries of western Europe
such as the Netherlands, the United Kingdom and Ger-
many [23]. Early detection and longer survival due to bet-
ter tailored therapies are the most likely contributors to this
decline, but breast cancer remained the first cause of pre-
mature death in women. Linear extrapolation of the ac-
tual time trends of breast and lung cancer suggests that
their relative ranking may change within the next 10 years
(fig. 3). The rate of PYLL for circulatory diseases has de-
clined since 1951 [19]. Premature mortality from circu-
latory diseases is chiefly preventable through a healthier
lifestyle and timely access to medical treatment. A signi-
ficant decrease in in-hospital mortality has been observed
between 2000 and 2007 for patients with access to percu-
taneous coronary intervention [25]. It has also been shown
that heart failure events remained at a high level specially
in men under 75 [26].

External causes of mortality are potentially prevent-
able. Mortality due to accidents started to decrease only
in 1971 [19]. Traffic accidents are particularly sensitive to
preventive measures. The introduction of a new limit of
0.5‰ blood alcohol for drivers in 2005 has had an immedi-
ate effect on the number of deaths in traffic accidents [27]
and also on the rate of PYLL.

This can be observed in Graph 4: the downward trend
steepens in 2005. This effect may level off within a few
years and other measures will be needed to curb traffic
mortality further. Premature mortality due to suicides has
declined only moderately. Its high level would certainly de-
serve increased attention.

The advent of highly active antiretroviral therapy has
substantially attenuated the impact of AIDS on premature
mortality [20], and additional prevention campaigns have
reduced the number of new cases. This disease no longer
figured among the most important causes of untimely death
in Switzerland in 2006.

Among the diseases with minor impact (<= 2%) on pre-
mature mortality, notably higher rates in men than in wo-

men were observed for stomach and central nervous system
cancer and alcohol-related liver diseases. Higher mortality
rates for stomach cancer and alcohol-related liver diseases
in men have been documented earlier in Switzerland, for
the latter the median age at death is very low [20].

The persistent decline in premature death rates prob-
ably reflects the impact of medical and non-medical inter-
ventions such as prevention, early detection and improved
treatment. Better education, income and occupation can af-
fect smoking behaviour, physical activity and diet, which
are direct and indirect risk factors for cardiovascular dis-
ease and many cancers. It has been shown that removal of
such risk factors would considerably increase life expect-
ancy even in populations with high healthy life expectancy
such as those of Western Europe [28], especially for lung
cancer, for which almost 90% of mortality is attributable to
tobacco [29]. Although the prevalence of tobacco smoking
has started to decline in both sexes in Switzerland [30] it
remains at a very high level and its adverse effect on pre-
mature mortality can be expected to last for decades. A de-
cisive and firm national health policy against tobacco con-
sumption and additional, more targeted efforts are required
if the current negative trends for female lung cancer are to
be reversed in the foreseeable future.

Data quality
The quality and validity of mortality data rises and falls
with the quality and accuracy of death certification [31].
Nevertheless, for most common death causes certification
is sufficiently reliable, particularly for deaths below 70, to
allow meaningful inferences to be drawn regarding trends.

Strength and limitations of the study
Premature mortality is a major public health concern but
there has been little consensus on how it should be defined
and reported. In particular, the definition of the cut-off age
beyond which death is considered premature is still contro-
verted. Another concern is disagreement as to what life is
worth at each age and whether values should be applied to
each age at death according to the economic loss [1]. Each
of the proposed methods has its limitations. The method
we used attributes the same value to each year lost. Rate
of PYLL is therefore not equivalent to social and economic
loss but a very rough approximation to it. Another method-
ological problem with PYLL is the fact that this approach
does not take into account competing causes of death. The
relative ranking of causes of premature death may be in-
terchanged if the indicator of premature death involves in-
dependent competing risks of death [32]. PYLL is meant
to highlight important causes of premature death that do
not appear as a priority in conventional mortality tables. On
the other hand, causes that appear as a priority in mortal-
ity tables may have a minor impact on premature mortality.
Such is the case of prostate cancer. PYLL also highlights
causes of premature death in a way that is comprehensible
for the majority of the population, thus facilitating commu-
nication between doctors and patients.

Standardised age adjusted rates of PYLL are appro-
priate to detect social or regional differences in years of
life lost prematurely [33, 34]. These differences tend to be
higher in the younger than in the older age group [34], and
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conventional mortality rates are less suitable for detection
of such variations.

Premature death has important social and economic
consequences for society. But death is only the ultimate se-
quel of illness and disease and therefore represents only a
part of these consequences. An analysis combining years
of life lost and years lived with disability (DALY), as pro-
posed in the Global Burden of Disease study [15], provides
a comprehensive picture of the public health status.
However, it requires a very extensive dataset.

Future directions
The reductions in premature death observed for all major
categories of causes are highly encouraging. However, this
progress has not been satisfactory for several cancer types.
Many cancers have modifiable risk factors. Tobacco pre-
vention efforts of recent decades are reflected in only
slightly reduced lung cancer rates in men. These efforts
must be intensified and adapted to reach young women.
Years of life gained by prevention are more likely to be
fully productive than years of life gained through medical
care and therapy. Social and regional premature mortality
patterns need to be analysed in order to further the devel-
opment of targeted health policies.
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