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Presentation OutlinePresentation Outline

• Mortality in Quebec in the XXth century: 
main trends

• Changes in mortality from age 60

• Mortality at very old ages: data quality
and change assumptions

• Mortality projections: some possibilities



Mortality in Quebec in the Mortality in Quebec in the XXthXXth
Century: Main TrendsCentury: Main Trends

• Remarkable advances in life expectancy at birth

• An improvement in quantity and qualify of life?
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International comparison of life International comparison of life 
expectancy at birth in 1999expectancy at birth in 1999

81.7 yearsCanada75.6 yearsNorway

WomenWomenMenMen

80.6 yearsGreece74.9 yearsFrance
81.4 yearsQuebec75.3 yearsQuebec
81.5 yearsIceland75.5 yearsGreece

81.8 yearsItaly*75.7 yearsItaly*
81.9 yearsSweden76.3 yearsCanada
82.1 yearsSpain76.8 yearsSwitzerland
82.4 yearsFrance77.1 yearsSweden
82.5 yearsSwitzerland77.1 yearsJapan
84.0 yearsJapan77.7 yearsIceland

79.4 yearsUnited States73.9 yearsUnited States

Source: INED, 2003; Statistics Canada, 2002. * Year 1998



Total life expectancy in good health at Total life expectancy in good health at 
birth by sex,birth by sex,

Quebec, 1978Quebec, 1978--1979 to 19981979 to 1998

13.011.511.213.114.5In poor health

68.169.368.566.363.1In good health

81.180.879.779.577.6Total

Female

9.27.78.39.59.3In poor health

65.465.963.962.460.4In good health

74.673.672.272.069.7Total

Male

Life 
expectancy 

at birth 
(years)

19981992-1993198719861978-1979

Sources: 1978-1979: Dillard, 1983 ; 1986: Wilkins, 1991 ; 1987 to 1998: Pageau et al., 2001.



Total life expectancy in good health at Total life expectancy in good health at 
age 65 by sex,age 65 by sex,

Quebec, 1978Quebec, 1978--1979 to 19981979 to 1998

6.66.56.08.7..In poor health

13.213.313.010.2..In good health

19.819.819.018.9..Total

Female

4.83.83.75.5..In poor health

10.711.310.68.6..In good health

15.515.114.314.1..Total

Male

Life 
expectancy 
at age 65
(years)

19981992-1993198719861978-1979

Note: .. = data not available.
Sources: 1978-1979: Dillard, 1983 ; 1986: Wilkins, 1991 ; 1987 to 1998: Pageau et al., 2001.



Mortality in Quebec in the Mortality in Quebec in the XXthXXth
Century: Main Trends Century: Main Trends 

• Spectacular decline in child mortality
• Uneven drop in mortality at other ages



Infant, neonatal and postInfant, neonatal and post--neonatal neonatal 
mortality rates by sex, Quebec, mortality rates by sex, Quebec, 
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Probability of death by age group, Probability of death by age group, 
male, male, 

Quebec, 1901 to 2000Quebec, 1901 to 2000
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Probability of death by age group, Probability of death by age group, 
female, Quebec, 1901female, Quebec, 1901--20002000
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Mortality in Quebec in the Mortality in Quebec in the XXthXXth
Century: Main TrendsCentury: Main Trends

• Greater concentration of deaths at
certain ages (compression of mortality)

• Increased rectangularization of the survival curve



Death curves by age, Death curves by age, 
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Death curves by age,  Death curves by age,  
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Death curves by age, Death curves by age, 
male, Quebec, 1921male, Quebec, 1921--1924,1924,
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Death curves by age,Death curves by age,
female, Quebec, 1921female, Quebec, 1921--1924,1924,

19551955--1959 et 19951959 et 1995--19991999
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Mortality in Quebec in the Mortality in Quebec in the XXthXXth
Century: Main TrendsCentury: Main Trends

• Change in distribution of deaths by cause
(epidemiologic transition)

• Some causes of death on the increase:
–Malignant tumours: trachea, bronchi, lungs (women especially)
–Respiratory diseases
–Suicide



Distribution of deaths by cause, both Distribution of deaths by cause, both 
sexes, Quebec, 1926sexes, Quebec, 1926--19981998
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Adjusted mortality rate by cause of Adjusted mortality rate by cause of 
death, male, Quebec, 1977 to 1998death, male, Quebec, 1977 to 1998

1
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10 000

1977 1980 1983 1986 1989 1992 1995 1998

Year

Rate per 100,000 

All causes Malignant tracheal, bronchial and lung tumours
Malignant tumours, except trachea, bronchi and lungs Ischemic myocardiopathy
Cerebrovascular diseases Other circulatory diseases
Respiratory diseases Car accidents
Suicide Other trauma
Other causes

Source: Ministère de la Santé et des Services Sociaux, 2001.
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Adjusted mortality rate by cause of Adjusted mortality rate by cause of 
death, female, Quebec, 1977 to 1998death, female, Quebec, 1977 to 1998
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Source: Ministère de la Santé et des Services Sociaux, 2001.
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Contribution (in %) of age groups to gains Contribution (in %) of age groups to gains 
in life expectancy at birth, both sexes, in life expectancy at birth, both sexes, 

Quebec, 1921Quebec, 1921--1924 to 19951924 to 1995--19991999

100.025.1425.14100.07.91100.017.23Total

0.70.173.53.50.280.10.0185 years +

8.52.1328.828.82.283.10.5465-84 years

16.64.1731.82.5111.82.0335-64 years

12.43.124.70.3714.72.5315-34 years

18.118.14.566.80.5421.921.93.771-14 years

43.743.710.9924.41.9348.448.48.350-1 year

PercentageGainPercentageGainPercentageGain

1921-1924 to 1995-19991960-1964 to 1995-19991921-1924 to 1960-1964

Period

Age group

Source: Canadian Longevity Database (CLD).



Changes in mortality from age 60Changes in mortality from age 60

• More recent progress
• Decline in gap between sexes



Life expectancy at age 60 (eLife expectancy at age 60 (e6060) by ) by 
sex, Quebec, 1921sex, Quebec, 1921--19991999
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Life expectancy at age 65 (eLife expectancy at age 65 (e6565) by ) by 
sex, Quebec, 1921sex, Quebec, 1921--19991999
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Life expectancy at age 80 (eLife expectancy at age 80 (e8080) by ) by 
sex, Quebec, 1921sex, Quebec, 1921--19991999
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Life expectancy at age 95 (eLife expectancy at age 95 (e9595) by  ) by  
sex, Quebec, 1921sex, Quebec, 1921--19991999
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Probability of death by age group, Probability of death by age group, 
male, Quebec, 1921 to 1999male, Quebec, 1921 to 1999
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Probability of death by age group, Probability of death by age group, 
female, Quebec, 1921 to 1999female, Quebec, 1921 to 1999
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Changes in mortality after age 60Changes in mortality after age 60

• Average annual decline:
– long term (1921-1999)
– medium term ( 40 years )
– short term (20 years ) 



Average annual decline in probability of Average annual decline in probability of 
death, by age and sex, Quebec, 1921 to death, by age and sex, Quebec, 1921 to 

19991999
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Average annual decline in probability of death, Average annual decline in probability of death, 
male, Quebec, 1921male, Quebec, 1921--1960 and 19601960 and 1960--19991999
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Average annual decline in probability of Average annual decline in probability of 
death, female, Quebec, 1921death, female, Quebec, 1921--1960 and 19601960 and 1960--

19991999
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Average annual decline in probability Average annual decline in probability 
of death by age and sex, Quebec, 1980 of death by age and sex, Quebec, 1980 

to 1999to 1999
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Contribution (in %) of age groups to gains Contribution (in %) of age groups to gains 
in life expectancy at age 65, male, Quebec, in life expectancy at age 65, male, Quebec, 

19601960--1964 to 19951964 to 1995--19991999

1.830.040.200.0034.790.0490 years +

100.002.322.32100.01.48100.00.85Total

5.670.131.760.0312.930.1185-89 years 

10.340.248.360.1214.850.1380-84 years

19.810.4619.770.2920.630.1775-79 years

28.0328.030.6531.4131.410.4621.72 0.1870-74 years

34.3234.320.8038.5138.510.5725.080.2165-69 years

PercentageGainPercentageGainPercentageGain

1960-1964 to 1995-19991980-1984 to 1995-19991960-1964 to 1980-1984

Period

Age group



Contribution (in %) of age groups to gains Contribution (in %) of age groups to gains 
in life expectancy at age 65, female, in life expectancy at age 65, female, 
Quebec, 1960Quebec, 1960--1964 to 19951964 to 1995--19991999

3.210.144.484.480.063.630.1190 years +

100.004.274.27100.01.35100.02.93Total

8.850.388.938.930.129.850.2985-89 years 

17.800.7620.4920.490.2817.660.5280-84 years

24.831.0623.170.3125.080.7375-79 years

23.981.0221.610.2923.790.7070-74 years

21.330.9121.330.2919.990.5965-69 years

PercentageGainPercentageGainPercentageGain

1960-1964 to 1995-19991980-1984 to 1995-19991960-1964 to 1980-1984

Period

Age group



Mortality in very old age: data quality Mortality in very old age: data quality 
and change assumptionsand change assumptions

• Explosive growth in number of centenarians
• Measurement problem

– data quality (age exaggeration)
– small numbers (population sizes and deaths)

• Selecting a model: 
exponential, logistic, quadratic...



Centenarian deaths by sex, Quebec, Centenarian deaths by sex, Quebec, 
19211921--19991999
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Probability of death by age and sex, Probability of death by age and sex, 
Canada, generations 1870Canada, generations 1870--18791879
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Comparison of actual probability of death and Comparison of actual probability of death and 
probabilities obtained from various models, over age probabilities obtained from various models, over age 

80, France, female generation 187580, France, female generation 1875

[Force of mortality]

[Observed]

[Quadratic]

[Logistic]

Source: Caselli, Vallin and Wunsch, 2001, page 201.



Mortality at very old ages: data quality and Mortality at very old ages: data quality and 
change assumptionschange assumptions

• Evaluation of data quality in Quebec:  
very good results

• North American mortality profile?: 
lower mortality at old ages



Sample DescriptionSample Description
19851985--1999 Centenarian deaths in Quebec 1999 Centenarian deaths in Quebec 

3,0313,031

Born in QuebecBorn in Quebec
2,280

OtherOther
7517512,280

French CanadianFrench Canadian
2,0392,039

English names (Protestants)English names (Protestants)
241241

Sample:Sample:
PercentagePercentage

100%100%
50%50%
25%25%
10%10%
5%5%

Total:Total: 209 Cases  (41 M, 168 F)209 Cases  (41 M, 168 F)
Source: Bourbeau et Desjardins, 2002

AgeAge NN

107+107+ 4141
106106 1717
105105 2121

102102--104104 6363
100100--101101 6767



Validation of Validation of resultsresults
++ 158 baptisms corresponding or found in 158 baptisms corresponding or found in 

censusescensuses
++ 18 cases of direct evidence with overlap18 cases of direct evidence with overlap
++ 25 cases of indirect evidence (incorrect age 25 cases of indirect evidence (incorrect age 

selection highly unlikely)selection highly unlikely)
++ 4 errors (all at 107+ ; 3 of the 4 were age 4 errors (all at 107+ ; 3 of the 4 were age 

exaggerations)exaggerations)
++ 4 without information4 without information

209209
Source: Bourbeau et Desjardins, 2002



Probability of death by age and sex of Probability of death by age and sex of 
centenarians born in Quebec, centenarians born in Quebec, 
Quebec, cohorts 1885Quebec, cohorts 1885--18891889

1000

Men
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aqx  for 1000

100
100 101 102 103 104 105 106 107 108 109 110

Actual ageSource: Bourbeau et Desjardins, 2000



North American mortality profile?North American mortality profile?

Comparison with some countries (use of the Comparison with some countries (use of the 
same method for deceased generations)same method for deceased generations)

Sweden, Cohorts 1886Sweden, Cohorts 1886--18901890
Canada, Period 1991Canada, Period 1991--19941994
France, Period 1991France, Period 1991--19951995
Japan, Period 1991Japan, Period 1991--19951995
United States, Period 1991United States, Period 1991--19921992

Source: Bourbeau et Desjardins, 2000



Probability of death by age of Probability of death by age of 
centenarians for Quebec and some centenarians for Quebec and some 

countries, femalecountries, female

100

1000

100 101 102 103 104 105 106 107 108 109 110
Actual age

Quebec Canada United States

Sweden France Japan

aqx for 1000

Source: Bourbeau et Desjardins, 2000



Life expectancy at age 100 and probability Life expectancy at age 100 and probability 
of survival between ages 100 and 105 by of survival between ages 100 and 105 by 

sex, Quebec and some countriessex, Quebec and some countries

0.08112.110.05721.84Period 1991-1995Japan

0.08492.120.05711.88Period 1991-1995France

0.07421.980.04431.69Cohort 1886-1890Sweden

0.11952.380.09222.14Period 1991-1992
United States

(Whites)

0.13122.532.530.10302.242.24Period 1991-1994Canada

0.10782.340.08972.05Cohort 1885-1889Quebec
5p100e1005p100e100

Cohort or 
period Country

WomenMen

Source: Bourbeau et Desjardins, 2000



Mortality projections: Mortality projections: 
some suggestionssome suggestions

• Current practices in Quebec 
• Role of assumptions
• Longitudinal contribution



InstitutInstitut de la de la statistiquestatistique du Québec du Québec 
ISQ ISQ -- 3 scenarios3 scenarios

• Reference: Trended decline based on 
changes over past 25 years (1971-1996) in 
mortality to 2041.

• Weak: Trended decline in mortality until 
2011 and constant mortality thereafter.

• Constant: Constant mortality from 1996 
onward.



ISQ amendedISQ amended
((BourbeauBourbeau et al., 2002)et al., 2002)

• Futuristic scenario in which e0 = 100 years 
for the generation born in 2001.



Statistics Canada methodStatistics Canada method
(modified version of Lee and Carter model)(modified version of Lee and Carter model)

Assumptions for 2026 calendar year:

• High assumption: life expectancy 80.6 years for men and
84.8 years for women in 2026 (difference of 4.2 years)

• Medium assumption: life expectancy 79.2 years for men and
83.8 years for women in 2026 (difference of 4.6 years).

• Low assumption: life expectancy 77.7 years for men and
82.8 years for women in 2026 (difference of 5.1 years).

• For each of these assumptions, Statistics Canada has interpolated life
expectancies for the years between 1996 and 2026, assuming that gains 
will occur more quickly early in the period.

• Mortality rate projections were generated based on those life expectancies
projected by sex, using the parametric model developed by Lee and
Carter (1992).



Quebec Pension Plan (2000)Quebec Pension Plan (2000)

• Continuous reduction in mortality rates for 
the entire projection period (SSA)

• Variable reduction by age, sex and year
• Slower reduction than observed between 

1966 and 1998
• Life expectancy gap closing between men 

and women



Lee and Carter model (1992)Lee and Carter model (1992)
ln(mx,t) = ax + bxkt + ε

mx,t    = mortality rate at age x and time t
ax        = average mortality profile by age
bx        = rate of change of mortality rate at each age
kt         = parameter of mortality level at time t 
ε = model residual

• Age and time components are determined on the basis of a 30-year 
period (t) (1970-1999) for the female sex in Quebec. 

• Projection of indicator kt is made over a 50-year period (2000-2050), 
which makes it possible to project mortality rates and life expectancies 
for half of the XXIth century. 



Life expectancy at birth (eLife expectancy at birth (e00) with ) with 
confidence interval of 95%, female, confidence interval of 95%, female, 

Quebec, 1970Quebec, 1970--20412041
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Life expectancy at birth (eLife expectancy at birth (e00) by sex, ) by sex, 
Quebec, 2001 to 2041 Quebec, 2001 to 2041 

WMWMWMWM

87.9287.92…91.2691.2688.5286.7586.7581.722041

86.55…89.0885.5085.6180.292031

85.0785.07…83.80*83.80*79.20*86.7886.7882.3684.4284.4278.802021

83.48…84.3779.0683.1577.242011

81.75…82.1075.7081.8275.6081.8275.602001

Lee CarterStatistics
Canada (M)

ISQ 
amendedISQ (R)

Year

*: Year 2026.



Life expectancy at birth (eLife expectancy at birth (e00) by sex, ) by sex, 
Quebec, 2001 to 2041 Quebec, 2001 to 2041 

WMWMWMWM

87.9287.92…84.5 84.5 ††80.2†91.2691.2688.5286.7586.7581.722041

86.55…89.0885.5085.6180.292031

85.0785.07…83.1*83.1*78.4*86.7886.7882.3684.4284.4278.802021

83.48…84.3779.0683.1577.242011

81.75…81.475.781.8275.6081.8275.602001

Lee CarterQPPISQ 
amendedISQ (R)

Year

*: Year 2025; †: Year 2050



Life expectancy at age 60 (eLife expectancy at age 60 (e6060) ) 
by sex, Quebec, 2001 to 2041 by sex, Quebec, 2001 to 2041 

FMFMFMFM

29.2029.20…26.5 26.5 ††22.9 †32.3732.3730.2228.3928.3924.502041

28.08………30.4727.6827.4823.422031

26.9126.91…25.4*25.4*21.6*28.5428.5425.1326.5426.5422.322021

25.70………26.5722.5925.5721.202011

24.45…24.219.724.5720.0524.5720.052001

Lee CarterQPPISQ 
amendedISQ (R)

Year

*: Year 2025;  †: Year 2050 ; ... = data unavailable.



Life expectancy at age 80 (eLife expectancy at age 80 (e8080) by ) by 
sex, Quebec, 2001 to 2041sex, Quebec, 2001 to 2041

FMFMFMFM

12.5112.51…10.6 10.6 ††8.7 †14.8114.8113.8811.6811.689.672041

11.81………13.4112.1211.139.112031

11.1011.10…9.9*9.9*8.1*12.0612.0610.4710.5910.598.562021

10.38………10.768.9210.058.032011

9.65…9.37.19.527.509.527.502001

Lee CarterQPPISQ 
amendedISQ (R)

Year

*: Year 2025;  †: Year 2050 ;  ... = data unavailable.



Survivors per 100,000 births at age 60 by Survivors per 100,000 births at age 60 by 
sex, Quebec, 2001 to 2041sex, Quebec, 2001 to 2041

WMWMWM

96,91696,916…97,76297,76296,44396,40096,40093,3932041

96,257…97,05595,15995,79092,3262031

95,44995,449…96,10996,10993,42295,07695,07691,0702021

94,454…94,87991,04094,23689,5772011

93,221…93,25587,87893,25587,8782001

Lee CarterISQ amendedISQ (R)
Year

... = data unavailable.



Survivors per 100,000 births at age 80 Survivors per 100,000 births at age 80 
years by sex, Quebec, 2001 to 2041years by sex, Quebec, 2001 to 2041

WMWMWM

80,75680,756…86,59286,59279,43179,15079,15064,6192041

77,551…82,87473,10476,30960,2562031

73,89173,891…78,25378,25365,31573,14973,14955,5832021

69,740…72,59856,03469,64650,6392011

65,074…65,83245,42165,83245,4212001

Lee CarterISQ amendedISQ (R)
Year

... = data unavailable.



Life expectancy at age 60 (eLife expectancy at age 60 (e6060) ) 
according to current tables and according to current tables and 
generation tables, male, Quebecgeneration tables, male, Quebec

(ISQ reference scenario)(ISQ reference scenario)
Difference
(Generation-Year)

MenYearMen

1.8824.50204126.381981

1.851.8523.4223.422031203125.2725.2719711971

1.7722.32202124.091961

1.721.20201122.901951

1.6420.05200121.691941

Generations



Life expectancy at age 60 (eLife expectancy at age 60 (e6060) ) 
according to current tables and according to current tables and 

generation tables, female, Quebecgeneration tables, female, Quebec
(ISQ reference scenario)(ISQ reference scenario)

Difference
(Generation-Year)

WomenYearWomen

1.8528.39204130.241981

1.831.8327.4827.482031203129.3129.3119711971

1.7926.54202128.331961

1.7725.57201127.341951

1.7424.57200126.311941

Generations



ConclusionsConclusions

• Remarkable advances in survival in Quebec

• Significant changes in mortality level and
profile

• Issues at old ages: compression or expansion of
morbidity (mortality); limit on human life

• Mortality at very old ages: data quality and
changes in assumptions



Conclusions (cont'd)Conclusions (cont'd)

• Considerations for projections
• Average life has increased and is continuing to do

so
• Tendency to underestimate gains. Reality has always

exceeded past perspectives (Oeppen and Vaupel, 2002,
Science, May 2002)

• Maximum age at death has also risen (validated
data) (Wilmoth et al., Science, Sept. 2000)

• Increasing numbers of centenarians and
supercentenarians.



Conclusions (cont'd)Conclusions (cont'd)

• Assumptions and their effects on results
(number of survivors - beneficiaries) and
number of years to live (benefit period)

• Trends over past 20 or 30 years

• Importance of longitudinal approach

• Continue data improvement efforts
(validation)



At the wellspring of longevity:At the wellspring of longevity:
Jeanne Jeanne CalmentCalment (1875(1875--1997),1997),
the Doyenne of Humanitythe Doyenne of Humanity

Researcher at work in his laboratory: Arles Cemetery, France, May 2003.
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Probability of death by age of Probability of death by age of 
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Source: Bourbeau et Desjardins, 2000
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