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Abstract

Objectives: In this study, we aimed to (1) determine the effects of age, period, and cohort on mortality
rate trends between 1958 and 2012 in Japan and (2) assess gender differences in projected life expectancy (LE)
for the 2023-2047 period.

Methods: A time trend study was conducted using age-period-cohort (APC) analysis. A Bayesian APC
model was fitted to describe mortality rate trends for the 1958-2012 period and to project mortality rates for
2023-2047. LE was predicted by Chiang’s method using projected mortality rates.

Results: Age, period, and cohort effects showed similar patterns between males and females. As time
passes, gender differences in projected LE were larger among individuals over 65 years than among those
under 65 years. Time series change rates of the extension of projected LE after excluding specific causes of
death showed the following: smaller extension of projected LE in males in terms of mortality risk from malig-
nant neoplasms, heart diseases, pneumonia, and accidents (under 65 years) and in females in terms of mortal-
ity risk from heart diseases, cerebrovascular diseases, and suicide (over 65 years).

Conclusions: Gender differences in projected LE are expected to be smaller before middle age and to be
larger among seniors. These projected gender differences stem in part from the lower mortality risk among
men than among women from malignant neoplasms, heart diseases, pneumonia, and accidents (under 65
years), and among women compared to men from heart disease, cerebrovascular disease, and suicide (over 65
years).

Key words: life expectancy (T-¥943#y), gender difference (14:7%), projections (Flll), Bayesian age-period-
cohort analysis (- 4 X% age-period-cohort 4-#/7), mortality rate (JET=3K)
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ICD codes for causes of death analyzed in this study

Causes of death

1958-1967 (ICD-7)

1968-1978 (ICD-8)

1979-1994 (ICD-9)

1995-2012 (ICD-10)

Malignant neoplasms
Heart diseases

Cerebrovascular diseases

Pneumonia
Accidents
Suicide

140-205

410-434

330-334
490-493, 763
E800-E962

E963, E970-E979

140-209
393-398, 410-429
430-438

480-486
E800-E949
E950-E959

140-208
393-398, 410-429
430-438

480-486
E800-E949
E950-E959

C00-C97

101-109, 120-152
160-169

J12-J18

VO01-X59
X60-X84, Y87, U03

Table 2 Cohort table expressed in the Lexis diagram with 18 age group and 11 calendar period

Age group Calendar period

(years) 19581962 1963-1967 1968-1972 1973-1977 1978-1982 19831987 1988-1992 1993-1997 1998-2002 20032007 20082012
0-4 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
5-9 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
10-14 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
15-19 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
20-24 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990
25-29 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985
30-34 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980
35-39 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975
40-44 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970
45-49 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965
50-54 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960
55-59 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955
60-64 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950
65-69 1895 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945
70-74 1890 1895 1900 1905 1910 1915 1920 1925 1930 1935 1940
75-79 1885 1890 1895 1900 1905 1910 1915 1920 1925 1930 1935
80-84 1880 1885 1890 1895 1900 1905 1910 1915 1920 1925 1930
85— 1875 1880 1885 1890 1895 1900 1905 1910 1915 1920 1925

In the Lexis diagram numbers (birth years) be related to the relevant birth cohort. The cohort groups were defined by their mid-years (starting with

1875 and finishing with 2010).
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Fig. 1 Age-specific 5-year mortality rates in Japan by period of death according to 18 age group during 1958-2012.
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Fig.2 Age-specific 5-year mortality rates in Japan by birth cohort of death according to 18 age group during 1958-2012. The points that
slowed down of the decreasing trends of mortality rates are indicated by gray arrows in the figures.
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Fig. 3 Judgement of convergence for MCMC algorithm. The MCMC algorithm produces samples from the posterior distribution of all

unknown parameters for age, period, and cohort effects.
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Fig. 4 Age, period, and cohort effects in Japanese males and females during the period 1958-2012. Solid line with black circles represents

estimate of age, period, or cohort effects; broken line indicates upper or lower limits of 95% credible intervals.
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Table 3 Life expectancy for those periods by age group and for male and female, and differential of life expectancy between periods

Male
Life expectancy” Differential between periods®
Age group - —
(years)  Period 2008-2012 Period " 2023-2027 Period ° 20432047 2023&2)23; o 204;6332 o
0-4 79.86 79.77 (75.58-83.99) 81.50 (75.62-87.58) —-0.09 1.64
5-9 75.14 75.07 (71.01-79.19) 76.81 (71.13-82.75) —0.06 1.67
10-14 70.18 70.11 (66.06-74.21) 71.85 (66.19-77.78) —0.07 1.67
15-19 65.22 65.14 (61.10-69.23) 66.88 (61.24-72.79) —0.08 1.66
20-24 60.32 60.20 (56.19-64.28) 61.94 (56.35-67.83) —0.12 1.62
25-29 55.49 55.28 (51.31-59.33) 57.02 (51.47-62.88) -0.21 1.53
30-34 50.66 50.37 (46.43-54.40) 52.09 (46.58-57.92) -0.29 1.42
35-39 45.84 45.48 (41.57-49.47) 47.16 (41.70-52.96) —0.37 1.31
40-44 41.06 40.63 (36.78-44.58) 42.25 (36.85-48.02) —0.43 1.18
45-49 36.36 35.86 (32.10-39.76) 37.38 (32.06-43.11) -0.49 1.02
50-54 31.76 31.22 (27.60-35.03) 32.59 (27.39-38.25) —0.54 0.83
55-59 27.33 26.76 (23.29-30.44) 27.93 (22.90-33.48) -0.57 0.60
60-64 23.12 22.49 (19.24-26.02) 23.47 (18.68-28.86) —0.63 0.34
65-69 19.12 18.49 (15.49-21.84) 19.24 (14.84-24.46) —0.63 0.12
70-74 15.36 14.80 (12.10-17.91) 15.38 (11.35-20.38) —0.56 0.01
75-79 11.91 11.56 (9.17-14.43) 11.98 (8.50-16.56) -0.35 0.07
80-84 8.97 8.79 (6.65-11.40) 9.17 (6.17-13.47) -0.18 0.20
85— 6.72 6.82 (4.73-9.10) 7.18 (4.45-11.38) 0.10 0.47
Female
Life expectancy” Differential between periods*
Age group . ..

(years)  Period 2008-2012 Period " 2023-2027 Period ° 20432047 2023&2)23; o 204;6332 o
0-4 87.11 86.82 (81.34-93.67) 87.81 (79.91-98.52) -0.28 0.70
5-9 82.38 82.14 (76.83-88.87) 83.14 (75.51-93.68) —0.23 0.76
10-14 77.41 77.18 (71.88-83.89) 78.17 (70.57-88.70) -0.24 0.76
15-19 72.44 72.20 (66.91-78.90) 73.19 (65.62-83.71) -0.24 0.75
20-24 67.50 67.24 (61.98-73.93) 68.23 (60.69-78.73) -0.27 0.73
25-29 62.59 62.29 (57.06-68.97) 63.29 (55.78-73.75) -0.30 0.69
30-34 57.69 57.36 (52.15-64.01) 58.35 (50.88-68.79) -0.33 0.65
35-39 52.81 52.45 (47.28-59.07) 53.41 (46.00-63.83) -0.36 0.61
40-44 47.95 47.57 (42.46-54.16) 48.49 (41.14-58.87) —0.38 0.54
45-49 43.14 42.74 (37.70-49.28) 43.62 (36.34-53.95) —0.41 0.47
50-54 38.41 37.97 (33.05-44.46) 38.79 (31.63-49.06) —0.43 0.38
55-59 33.76 33.30 (28.49-39.70) 34.05 (27.06-44.25) -0.46 0.30
60-64 29.20 28.72 (24.05-35.01) 29.42 (22.65-39.49) -0.48 0.22
65-69 24.73 24.28 (19.81-30.44) 24.93 (18.43-34.83) —0.45 0.20
70-74 20.40 20.08 (15.87-26.06) 20.65 (14.51-30.33) —0.32 0.26
75-79 16.29 16.19 (12.34-22.01) 16.66 (10.97-26.12) -0.10 0.37
80-84 12.58 12.82 (9.28-18.45) 13.22 (7.93-22.38) 0.23 0.63
85— 9.50 10.29 (7.03-15.81) 10.58 (5.65-19.52) 0.79 1.08

‘Life expectancy for 2008—2012 was estimated with observed mortality rates, and that for 2023-2027 and 2043-2047 was based on mortality

projections extracted from the age-period-cohort model.

"Projected median value of the life expectancy for periods 2023—2027 and 2043-2047. The numbers within the parentheses indicated the lower and
upper limits of the 95% credible intervals.

‘Differential of median life expectancy between periods.
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Table 4 Differential of life expectancy between female and male

Female-Male®

Age group
(years) Period Period Period
2008-2012 2023-2027 2043-2047

0-4 7.24 7.05 6.30
5-9 7.24 7.07 6.32
10-14 7.24 7.07 6.32
15-19 7.23 7.06 6.32
20-24 7.18 7.04 6.29
25-29 7.10 7.01 6.27
30-34 7.03 6.99 6.26
35-39 6.96 6.97 6.25
40-44 6.89 6.94 6.25
45-49 6.79 6.88 6.24
50-54 6.64 6.76 6.20
55-59 6.42 6.54 6.12
60-64 6.08 6.23 5.96
65-69 5.61 5.80 5.69
70-74 5.03 5.28 5.28
75-79 4.39 4.63 4.68
80-84 3.61 4.03 4.05
85— 2.78 3.47 3.40

“These were calculated by deducting male life expectancy from
female life expectancy in Table 3.
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