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Premature mortality in terms of years of life lost (YLL) is not
often used in monitoring the burden of chronic health conditions
on a population. Two algorithms for calculation of YLL are primarily
responsible for comparability between studies. In addition, results
derived from different life tables pose further challenges in sur-
veillance of premature mortality over time. In this article, we
attempt to introduce a novel measure of premature mortality,
which was recently proposed by our group for monitoring changes
in premature mortality over time.

Brief description of the use of premature mortality in Canada

Premature mortality refers to people who die of a health con-
dition earlier than expected. Two common measures of premature
mortality include YLL and average years of life lost (AYLL). Because
the anticipated longevity of individuals is often difficult to estab-
lish, two major algorithms are commonly used in deriving YLL: the
threshold method and the life table method. Importantly, results
can differ significantly depending on the method used. In Canada,
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one approach is preferred over the other based on the setting
whereby the life table method is more frequently applied by re-
searchers [1], whereas the threshold method is more frequently
used by governmental agencies [2—6]. For instance, Alberta Health
[2] and Statistics Canada [3] have adopted a threshold at 75 years of
age, whereas Canadian Institute for Health Information [4] has
adopted a threshold at 70 years of age to estimate YLL. A threshold
of 75 years was also recently adopted by other Canadian jurisdic-
tions, such as Public Health Ontario [5] and Manitoba Health, Se-
niors and Active Living [6].

Comparability challenges of premature mortality between
studies

The threshold method represents a simple calculation that sub-
tracts age at death from a prespecified age limit, above which deaths
are considered “mature” and therefore no longer contribute to YLL.
However, the choice of 70 or 75 years as the age limit is rather
arbitrary. This contrasts the life table method, which allows deaths at
any age to contribute to the YLL calculation. Consequently, two
reasons principally explain discrepancies between results derived
from two methods. First, subtraction from an age limit by the
threshold method most often yields a smaller YLL estimate than life
expectancy indicated by life tables. For instance, a man who died in
the year 2005 at 60 years of age contributes 15.0 years according to
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Table 1

Number of deaths’, age-standardized rate (ASR), years of life lost (YLL), YLL rate, average YLL (AYLL), and average life span shortened (ALSS) due to prostate’ and testis' cancers in Canadian men, 1980—2015

Year Prostate Testis

Threshold Life table method' Threshold Life table method'

method at method at

75 y of age’ 75y of age’

Death YLL (y) Death ASR per YLL (y) YLL rate’ AYLL per ALSS Death YLL (y) Death ASR per YLL (y) YLL rate’ AYLL ALSS

100,000 per 1000 decedent among 100,000 per 1000 per among
men men (y) decedents men men decedent decedents
(%) ) (%)

1980 806 6583 2034 15.4 18,451 1.36 9.1 10.6 39 1527 43 03 1551 0.11 36.1 471
1981 863 6879 2194 16.2 19,743 1.42 9.0 10.5 46 1898 50 03 1923 0.13 38.5 50.7
1982 905 7150 2175 15.7 19,958 1.40 9.2 10.7 46 1883 48 03 1889 0.13 394 51.9
1983 963 7454 2288 16.3 20,906 1.44 9.1 10.6 48 1849 50 0.4 1861 0.13 37.2 49.0
1984 896 6843 2395 16.3 21,148 1.40 8.8 103 50 1870 50 0.3 1879 0.12 37.6 50.0
1985 1091 8563 2628 17.5 24,414 1.59 9.3 10.8 43 1549 46 0.3 1623 0.10 35.3 45.9
1986 1157 9176 2746 17.8 25,623 1.63 9.3 10.9 43 1749 44 03 1781 0.12 40.5 533
1987 1155 9015 2847 17.6 26,409 1.62 9.3 10.8 43 1634 49 0.3 1716 0.11 35.0 45.2
1988 1202 9151 3037 184 27,432 1.65 9.0 10.5 47 1751 52 03 1842 0.12 354 45.7
1989 1221 9038 3048 17.7 27,497 1.59 9.0 10.5 46 1828 50 0.3 1881 0.13 37.6 489
1990 1263 9744 3212 17.8 30,852 1.72 9.6 111 35 1255 37 0.2 1356 0.09 36.6 471
1991 1297 10,266 3426 18.7 32,521 1.78 9.5 10.9 36 1228 39 0.2 1335 0.08 342 43.7
1992 1297 9716 3494 18.6 32,521 1.72 9.3 10.7 32 1211 34 0.2 1285 0.08 37.8 48.5
1993 1334 9832 3582 18.6 33,145 1.72 9.3 10.6 23 849 27 0.2 931 0.06 34.5 43.6
1994 1334 9717 3624 18.4 33,125 1.69 9.1 10.5 47 1656 50 0.3 1785 0.11 35.7 45.8
1995 1336 10,033 3760 18.5 34,618 1.72 9.2 10.6 39 1317 41 0.2 1447 0.08 353 45.0
1996 1256 9368 3588 17.2 32,555 1.58 9.1 10.4 33 1189 38 0.2 1316 0.08 34.6 43.7
1997 1202 9166 3622 16.8 32,668 1.54 9.0 103 29 977 35 0.2 1090 0.06 31.1 38.7
1998 1223 9169 3664 16.5 32,929 1.51 9.0 10.3 35 1260 37 0.2 1375 0.09 37.2 474
1999 1182 8646 3601 15.9 31,884 143 8.9 10.1 31 1088 37 0.2 1201 0.08 325 40.3
2000 1204 8847 3718 15.9 34,244 1.49 9.2 10.5 33 1184 37 0.2 1337 0.08 36.1 449
2001 1170 8700 3825 14.3 34,677 141 9.1 10.3 26 923 28 0.2 1041 0.06 37.2 46.8
2002 1142 9216 3708 13.6 33,991 1.36 9.2 10.4 27 866 28 0.2 991 0.06 354 44.5
2003 1077 8536 3658 13.0 32,697 1.27 8.9 10.1 33 1189 38 0.2 1353 0.08 35.6 44.5
2004 1017 7731 3685 12.5 31,972 1.18 8.7 9.8 42 1466 46 0.2 1656 0.10 36.0 448
2005 990 8205 3586 11.8 33,137 1.20 9.2 10.4 40 1485 43 0.2 1701 0.10 39.6 49.2
2006 931 7643 3564 11.2 32,182 1.13 9.0 10.1 30 1185 33 0.2 1350 0.08 40.9 50.6
2007 962 7561 3632 11.0 32,293 1.10 8.9 10.0 28 1019 31 0.2 1178 0.07 38.0 46.9
2008 1002 8166 3720 10.9 33,529 1.11 9.0 10.1 32 1131 36 0.2 1317 0.08 36.6 449
2009 948 8134 3745 10.5 33,473 1.06 8.9 10.0 25 730 29 0.1 901 0.05 31.1 379
2010 978 8124 3833 10.4 36,231 1.11 9.5 10.5 39 1372 41 0.2 1626 0.09 39.6 48.5
2011 945 7800 3693 9.7 34,755 1.03 9.4 104 31 1048 37 0.2 1293 0.07 349 422
2012 958 8154 3708 9.3 34,721 1.00 9.4 10.4 44 1572 52 0.2 1898 0.10 36.5 44.0
2013 1082 8866 3947 9.6 37,313 1.04 9.5 10.5 34 1077 38 0.2 1323 0.07 34.8 421
2014 1073 8579 4135 9.5 38,154 1.01 9.2 10.2 28 924 30 0.1 1116 0.06 37.2 454
2015 1112 9016 4011 9.0 37,786 0.98 9.4 104 32 1251 36 0.2 1466 0.08 40.7 49.6

" Mortality data for Canada was obtained from the World health Organization mortality database which is available at http://www.who.int/healthinfo/mortality_data/en/.

T Prostate cancer was defined as codes 185, and C61 according to the international classification of diseases and injuries (ICD) ninth Revision (ICD-9), and ICD-10, respectively.
¥ Testis cancer was defined as codes 186, and C62 according to the ICD-9, and ICD-10, respectively.
% Results were based on a subset of data where deaths occurred prior to 75 years, and YLL was calculated using the threshold method at 75.

I Results were based on the full data where deaths occurred from all ages, and YLL as well as subsequent measures were calculated using the life table method.

T Rates were adjusted to the World Standard Population.
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the threshold of 75 years of age, whereas he would contribute
21.9 years according to the life table method. Second, the threshold
method excludes a subset of decedents in the YLL calculation (those
who died after the threshold age). Results based on recent work from
our group showed that such an analysis would exclude approxi-
mately 35% female breast cancer deaths in 1980 if an age threshold of
70 years was applied, whereas the analysis would fail to consider
about 50% of female breast cancer deaths in 2010 [7]. All of this calls
into question how best to compare premature mortality if studies
did not consistently apply the same methods or thresholds.

The life table method also poses some, albeit different, challenges
especially when using YLL and AYLL to examine changes in prema-
ture mortality over time or across health conditions. Because life
expectancy of the general population has improved with time, this
influences the YLL and AYLL calculation. Furthermore, YLL reflects
the population burden as a whole and relates to number of deaths.
Indeed, YLL caused by a particular condition from an “older” era may
not always be comparable with YLL based on data from more recent
years because the number of deaths most likely increased due to
population growth. Likewise, YLL calculated for a particular health
condition may vary significantly from that derived for another con-
dition because of different prevalence. A prevalent condition like
prostate cancer would result in larger YLL when compared with a
less frequent condition like testis cancer within the same study
population. The AYLL, on the other hand, reflects YLL burden to the
individual. As with the YLL measure, AYLL calculated in more recent
years may not be comparable with that obtained from more distant
years because life expectancy has improved with time.

Introduction of a novel measure

Owing to these significant issues, we have proposed a novel
measure termed average life span shortened (ALSS) [7—10]. In brief,
ALSS represents a ratio of the number of years of life lost in relation
to the expected life span. Some hypothetical examples will more
clearly demonstrate how ALSS is derived. A man who died from
prostate cancer in the year 1985 at 60 years of age would have lost
18.5 years of life as indicated by the 1985—1987 Canadian male life
table. His life span was shortened by 23% because 18.5 years of life
were lost over the expected life span of 78.5 years. In contrast,
another man who died from prostate cancer in the year 2005 at
60 years of age would have lost 21.9 years of life according to the
2005—2007 male life table. As a result, his life span would be
shortened by 26%. A general formula for ALSS measure can be
expressed as follows:

100* Zdl * e;
>odi*(a; +e;)

where d; is the number of deaths at age i; e; is the normative life
expectancy at age i; and g; is the age at death.

Results of ALSS are typically expressed as a percentage, specif-
ically indicating the ALSS among all patients who died of a partic-
ular health condition. Because changes in life tables over time are
implicitly taken into account in the ALSS calculation, interpretation
of the results does not need to further consider changes in the life
table structure. When attempting to examine changes in premature
mortality over time, ALSS would remain stable if the life span of
patients increases at a similar rate to that of the general population.
Conversely, ALSS would decrease over time if the life span of pa-
tients increases at a faster rate than that of the general population.

Table 1 shows real-world data from two male genital cancers in
Canada first to draw attention to comparability issues and second to
demonstrate how the ALSS measure could be implemented in sur-
veillance over time and across health conditions. We calculated YLL

ALSS =

by both threshold and life table methods to show differences in YLL
estimates by two methods of YLL calculation. Generally, YLL ob-
tained from the threshold method at 75 years was lower than that
derived from the life table method over the entire study period. It is
particularly true for prostate cancer because deaths often occurred
at late ages. Over the study time frame, there were approximately
one-third or one-fourth of prostate cancer deaths that occurred
before 75 years of age (Table 1). Being stable over the entire 35-year
period, ALSS indicates almost no improvement of life span of men
with either prostate or testis cancers. In other words, the life span of
patients with prostate and testis cancers in Canada was prolonged at
a similar rate as the general population experienced over the study
period. However, men with prostate cancer lost a smaller portion of
their life compared with those with testis cancer.

Conclusion

In this article, we briefly introduced our novel ALSS measure,
which is an addition to the existing “life lost” measures. We
demonstrated that results derived from our novel measure may be
more useful for clinicians and health decision-makers. This novel
ALSS measure could be implemented not only for monitoring
premature mortality of cancer but also for other chronic health
conditions such as diabetes and cardiovascular diseases.
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