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Update note — mortality assumptions

Papers regarding the proposed fertility, mortality and migration assumptions
for the 2016-based national population projections were issued in June 2017
to key stakeholders. Consultation meetings were held during June by ONS,
National Records of Scotland (NRS) and the Northern Ireland Statistics and
Research Agency (NISRA) to discuss the proposals. In addition, the Welsh
Government (WG) invited key stakeholders within Wales to comment on the

proposed assumptions by correspondence.

As a result of this exercise, the following changes to the original mortality
proposals were agreed by the NPP committee and should be noted when
reading the attached paper. Where no update is provided, the original

proposals were agreed.

Proposal Reference Change agreed

ONS to undertake Throughout Following the consultation and
further research to paper further testing of the University
determine which method of Southampton (UoS) model it
will be used to produce was decided the ONS method
the mortality will be retained to produce the
assumptions for the mortality assumptions for the
2016-based projections. 2016-based projections.

This will either be the Further testing and

current method, as used development of the UoS model
to produce the 2014- will be carried out over the next
based projections (ONS two years with a view to
method), or the new transitioning to the model for
methodology developed the 2018-based projections.

by the University of

Southampton (UoS

method).

Long-term rates of Throughout The long-term rate of
improvement for the paper improvement for the high life

high and low life
expectancy variants

expectancy variant has been
reduced from 2.4% to 1.9%.
The low life expectancy variant
has been retained at the levels
described in the paper (1.2




percentage points lower (but
with a minimum of 0%) than
assumptions for the principal
projection.

Two further variants,
moderately high and
moderately low life expectancy
variants, also produced with
long-term assumed
improvement rates of 1.6% per
annum and 0.6% per annum
respectively to meet the needs
of stakeholders.

Following the consultation meeting with Scotland, a revised set of age and sex
specific mortality improvement rates in the base year (2016) for Scotland were
agreed. This resulted in changes to the assumed rates of mortality
improvement in the base year for England, Wales and Northern Ireland as
well, in order that the assumed improvement rates in the base year for the UK
as a whole did not change from those initially proposed. As a result of these
changes, and potential small rounding differences, there will be differences
between some of the figures in the consultation paper and those used in the
projections.
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Executive Summary

A review of the methodology for projecting mortality rates was commissioned
from the University of Southampton at the time of the 2014-based projections.
This review concluded that the current ONS methodology included desirable
features such as:

o Basing the projections on the mortality improvement rates;

o Projecting differential mortality improvement for those cohorts with
observed experience, but not attempting to forecast cohort-specific
mortality improvements for future cohorts;

o Using a model to estimate mortality at higher ages.

However, the review also identified potential areas for improvement and the
University of Southampton have developed a new model for projecting
mortality which is currently being tested by ONS.

ONS is currently dual running the 2016-based projections using the current
method (referred to as the ONS method in this paper), as used to produce the
2014-based projections, and the new methodology developed by the
University of Southampton (UoS) (referred to as the UoS method in this
paper); more information on both methodologies is available in section 2.
Further research is underway to decide which method will be used in the
2016-based projections; the proposed assumptions that would be used in
each of the methods, if adopted and preliminary results for both methods are
presented in this paper.

Comparisons of the proposed 2016-based assumptions and results are made
with those used in the previous 2014-based projections and with those from
the most recent United Nations and Eurostat projections. The annexes
provide a summary of the discussion on mortality at the Expert Advisory Panel
meeting, an analysis of past trends in mortality rates, expectations of life, the
differentials between males and females and the proposed assumptions for
the UK constituent countries.

ONS method
Under the current ONS method it is proposed to adopt broadly the same
assumptions as used in the 2014-based projections as follows:

(1) The assumed rates of mortality improvement in the ‘target’ year
2041 (the target year is the 25th year of the projection period) will
be 1.2% per year for both males and females, for those born in
1924 and later. For those born before 1924 the target rate is
assumed to decline from 1.1% to 0.1% for those born in 1906 and
earlier. This differs slightly from the 2014-based projections where
for those born before 1939 the improvement rate was assumed to
increase to a peak of 2.5% for those born in 1931 and 1932
declining back to 1.0% for those born in 1922 and earlier.



(i) The rates of improvement after the target year will be the same as
those assumed for the target year, projected by year of birth for
those born before 1960 and by age for those born in 1960 or later.
This is in line with the change adopted for the 2006-based and later
projections.

These proposed assumptions result in the projected period expectations of life
at birth and at age 65 for the UK shown in Table 1(a) (the figures in brackets
are the projected expectations of life for the same years from the 2014-based
projections under the current methodology).

Table 1(a) Period expectation of life resulting from the 2016-based proposed
assumptions for the UK (Current ONS method)

2016 2021 2031 2041
Expectation of life at birth
Males 79.6 (79.9) 80.5(81.1) 82.2(83.0) 83.5(84.4)
Females 83.1(83.5) 83.8(84.4) 85.1(86.0) 86.2(87.2)
Expectation of life at age 65
Males 18.8(19.1) 19.4(20.0) 20.6(21.5) 21.6(22.5)
Females 21.1(21.4) 21.6(22.2) 22.6(23.5) 23.5(24.4)

Figures in brackets from the proposed 2014-based projections

Compared to the 2014-based projections, the resulting period expectations of
life at birth are around 0.3 years lower for males (0.4 years lower for females)
in 2016, rising to 0.9 years lower (1.0 years lower for females) by 2041.
There are similar differentials in the period life expectancy at age 65, of 0.3
years lower in 2016 for both males and females, rising to 0.9 years lower in
2041.

UoS method
Under the UoS method it is proposed to adopt the following assumptions:

The age-specific assumed rates of mortality improvement in the ‘target’ year
2041 (the target year is the 25th year of the projection period) will be 1.2% per
year for both males and females across all ages.

As a result, for the target year and after, those born in 2016 or later years are
projected to experience uniform rates of improvement the same as those
assumed for the target year (1.2%) per year from 2041. Those born prior to
2016 will continue to show varying levels of mortality improvement beyond
2041 as an additional cohort improvement rate is also applied (which depends
on year of birth). Hence the target rates of improvement are not 1.2% for all
ages in 2041 (or later years).

These proposed assumptions result in the projected period expectations of life
at birth and at age 65 for the UK shown in Table 1(b) (the figures in brackets
are the projected expectations of life for the same years from the 2014-based
projections under the current methodology).
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Table 1(b) Period expectation of life resulting from the 2016-based proposed
assumptions for the UK (UoS method)

2016 2021 2031 2041
Expectation of life at birth
Males 79.4(79.9) 80.4(81.1) 82.0(83.0) 83.3(84.4)
Females 83.0(83.5) 83.8(84.4) 85.4(86.0) 86.8(87.2)
Expectation of life at age 65
Males 18.9(19.1) 19.7(20.0) 21.0(21.5) 21.8(22.5)
Females 21.1(21.4) 21.8(22.2) 23.2(235) 24.3(24.4)

Figures in brackets from the proposed 2014 based projections

Compared to the 2014-based projections, the resulting period expectations of
life at birth are around 0.5 years lower for males in 2016 rising to 1.1 years
lower by 2041. Although the differential for females is the same in 2016 (0.5
years lower), the pattern for future years is different with the differential
increasing slightly to 0.6 years before reducing to 0.4 years by 2041. For
period life expectancy at age 65, those for males are 0.2 years lower in 2016,
increasing to 0.7 years lower by 2041. The differential for females is 0.3
years lower in 2016, increasing slightly to 0.4 years before reducing to 0.1
years in 2041.

Comparison of ONS and UoS method results

Table 1(c) shows the resulting period life expectancies from the 2016 ONS
method and proposed assumptions and the UoS method and proposed
assumptions.

Table 1(c) Period expectation of life resulting from the 2016-based proposed
assumptions for the UK — ONS and UoS methods

2016 2021 2031 2041
Expectation of life at birth
Males 79.6 (79.4) 80.5(80.4) 82.2(82.0) 83.5(83.3)
Females 83.1(83.0) 83.8(83.8) 85.1(85.4) 86.2(86.8)
Expectation of life at age 65
Males 18.8(18.9) 19.4(19.7) 20.6(21.0) 21.6(21.8)
Females 21.1(21.1) 21.6(21.8) 22.6(23.2) 23.5(24.3)

Figures in brackets are from the proposed 2016 UoS method

Comparing the 2016 based projections for ONS and UoS methods the ONS
method projects period life expectancies at birth that are slightly higher for
males up to 2041. For females the ONS results are slightly higher in 2016 but
reduce to be 0.6 years lower by 2041.

Period expectations of life at age 65 follow different trends, with the ONS
projecting lower life expectancies throughout the period. For males the ONS
method projections start 0.1 years lower, increasing to 0.4 years then
reducing to 0.2 years lower by 2041. The expectations of life at age 65 for
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females are equal in 2016 but differentials increase steadily with the ONS
projections being 0.2 years lower in 2021 and 0.8 years lower in 2041.

The proposed assumptions for the 2016-based projections under both
methodologies and their derivation are discussed in more detail in Section 3.
It is acknowledged that the choice of the rate of improvement in the target
year (referred to in this paper as ‘target rate of improvement’) is somewhat
subjective; however it is informed by expert opinion.

Variant projections based on higher and lower assumptions of fertility,
mortality and migration will be prepared at UK and individual country level for
the 2016-based projections, with variants prepared on a consistent basis for
each of the individual countries. It is proposed that the mortality variants will
assume, respectively, improvements in mortality which are 1.2 percentage
points higher, or lower (but with a minimum of 0%), than those assumed in the
principal projection at all ages in 2041 and years thereafter compared to those
assumed in the principal projection. The differentials at the oldest ages may
be different. Initial analysis suggests that the variants proposed for the 2016-
based projections would give a range of expectations of life at birth in 2041 for
the UK of about plus or minus 1.9 years for males and plus or minus 1.7 years
for females using the current ONS method and plus or minus 1.7 years for
males and 1.5 years for females under the UoS method. The differences in
expectations of life at age 65 are slightly smaller. These differences are
broadly similar to the effects of the variant assumptions in the 2014-based
variant projections.



1. Introduction

A review of the methodology for projecting mortality rates was commissioned
from the University of Southampton at the time of the 2014-based projections.
This review concluded that the current ONS methodology included desirable
features such as:

oBasing the projections on the mortality improvement rates;

oProjecting differential mortality improvement for those cohorts with
observed experience, but not attempting to forecast cohort-specific
mortality improvements for future cohorts;

oUsing a model to estimate mortality at higher ages.

However, the review also identified potential areas for improvement and the
University of Southampton have developed a new model for projecting
mortality which is currently being tested by ONS.

This paper describes the results of using the current ONS methodology and
the University of Southampton methodology being considered for projecting
mortality rates for the 2016-based population projections together with the
main assumptions proposed for the United Kingdom and their derivation.
Comparisons of the proposed 2016-based assumptions are made with those
used in the previous 2014-based projections and with those from the most
recent United Nations and Eurostat projections. The annexes provide a
summary of the discussion on mortality at the Expert Advisory Panel meeting,
an analysis of past trends in mortality rates, expectations of life, the
differentials between males and females and the proposed assumptions for
the UK constituent countries.

2. Proposed methodologies

Current ONS methodology

A general introduction to the current ONS methodology employed in
determining the mortality rate assumptions is given in the 2010-based
projection reference volume, Chapter 4*. For the proposed assumptions
presented in this paper, annual rates of percentage change in mortality,
referred to as mortality improvement rates, were calculated for the UK using
the smoothed mortality rates derived from data for the period 1961 to 2015
and age ranges 0 to 100 for males and O to 105 for females. Mortality rates
have been smoothed using two-dimensional p-splines?.

The age-specific mortality improvement rates for 2013 (calculated from the
smoothed age-specific mortality rates for 2012 and 2013) were projected
forward to 2016 by assuming that the same rates of improvement apply in

! 2010-based National population projections. Series PP2, 2012.
http://www.ons.gov.uk/ons/rel/npp/national-population-projections/2010-based-reference-volume--
series-pp2/mortality.html

2 Splines are interpolation tools — they fit smooth curves through existing values.
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2014, 2015 and 2016. This projection is carried out by year of age for those
born in 1960 and later and by cohort for those born before 1960.
Improvement rates in 2016 for the ages where this methodology does not give
an assumed rate due to the change from projecting by year of age to cohort
were derived by interpolation.

Assumed age specific mortality rates for the 2016 base year were then
obtained by applying the resulting assumed rates of improvement for 2014,
2015 and 2016 successively to the smoothed age-specific mortality rates
obtained for 2013. These were adjusted at the oldest ages by fitting a
regression line to the values of the function log gx/(1-gx) (where gx = the
probability of someone aged x dying before reaching age x+1) from ages 85
to 93 for males and 85 to 95 for females and extrapolating beyond, then
converting the extrapolated values of log gx/(1-gx) back to values of my the
death rate at age x (in general, for the purposes of this paper the death rate at
age x is derived by dividing the deaths aged x last birthday during a calendar
year by the mid-year population estimate).

The rates of improvement derived for 2016 are then projected into the future,
and are assumed to converge to the target rates of improvement by age and
sex in 2041. The resulting projected rates of improvement are then applied
successively to the assumed rates of mortality by age and sex for the base
year 2016 to provide projected age and sex specific mortality rates in each
future year of the projection period. Further adjustments are made to ensure
that the projected curves of mortality rates appear reasonable and that male
mortality rates do not generally fall below those for females for the same age
and year.

Projected mortality for constituent countries

As for the 2014-based projections, assumptions on the future rates of
improvement will be set for each country individually after a comparison of the
experience of that country to the UK as a whole. For the 2014-based
projections, the same rates of mortality improvement were assumed for
England, Wales and Northern Ireland; for Scotland different, generally lower,
rates of improvement were assumed for some ages for males and for
females. It is proposed that this will also be the case for the 2016-based
projections. Having derived rates for Scotland, the rates of improvement
derived for the other constituent countries are then adjusted so that the
weighted rates of improvement assumed for 2016 for the countries combined
are the same as those initially derived for the UK as a whole.

The base mortality rates in 2016 for each constituent country are derived by
adjusting those derived for the UK as a whole in line with recent mortality
experience in each country compared to that for the UK. As the base
mortality rates vary by age and sex between each country, an assumption of
common rates of future improvement would mean the relative base year
differentials would be carried forward into future years of the projections with a
slight convergence over time.
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UoS methodology

The UoS methodology models mortality improvement rates using a
generalised additive model, using a smoothed combination of age, age-
specific improvement, period and cohort effects, with the relative size of each
determined by the input data (Dodd et al., 2017).

The model can be expressed as
log s = 5, (x) + 5, ()t + k¢ + 5, (t — x).

where:

Uy = mortality rates at age x in year t

a, = baseline annual mortality improvement at age x
Kk = age-specific year on year mortality improvement
y(t — x) = cohort differences in mortality improvement
and s denote arbitrary smooth functions.

The UoS approach presents a number of advantages compared to the current
ONS method. It makes fuller use of the long time series of mortality data, is
less subjective than the current method and more efficient and cost effective
for ONS to implement. Longer term the approach can be extended into a
probabilistic methodology if this is something ONS wishes to develop in the
future.

For the proposed assumptions in this paper under the UoS methodology,
annual mortality rates for ages 1 to 92 for males and 1 to 90 for females were
calculated by fitting the above model to the observed mortality rates.
Separate models are fitted for infant mortality and old-age mortality. The
transition age for males and females from the main model to the old-age
model are currently undergoing further testing and may be subject to change.

For all three models a negative binomial error distribution is assumed.
Mortality rates are constrained so that, after a specified age (100 years has
been used), the difference in male and female rates does not diverge.

As in the current ONS methodology, the UoS model incorporates expert
opinion to constrain the outputs. Year-on-year (“age effect”) improvement
rates for males and females at all ages are assumed to converge 25 years
from the base year to a target mortality improvement rate informed by experts.

Projected mortality for constituent countries
Under the UoS method the model is fitted separately for Scotland, with
improvement rates driven by the input data, and fitted to UK minus Scotland

data to derive improvement rates and mortality rates for England, Wales and
Northern Ireland combined. The mortality rates will then be adjusted in line

9



with recent mortality experience for England, Wales and Northern Ireland
compared to that for those countries combined to produce projected mortality
rates for England, Wales and Northern Ireland.

Variant projections

As in past projections, for either methodology the principal projections will be
supplemented by variant projections. These are discussed in more detail in
Section 6.

3. Proposed assumptions for United Kingdom

3.1 Base mortality rates in 2016 and Rates of mortality
improvement in 2015/16

ONS method

Figures 1(a) and 1(b) show the assumptions for the smoothed reductions in
death rates by age for 2015/16 proposed for use as the base improvement
factors in the ONS method 2016-based projections, together with the
assumed reductions for 2015/16 used in the 2014-based projections.

Figure 1(a), Comparison of projected smoothed percentage reductions in
death rates by age, United Kingdom, ONS method, 2015-2016

(a) Males

Fercentage reduction
= e e = 214-based projections

5.0 f
e (NS Proposed 2016-based
projections

T L L T

Age
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The proposed mortality improvement rates for males in 2015-16 for the 2016-
based projections under the current ONS method are broadly similar to those
projected for 2015-16 in the previous 2014-based projections for ages up to
40 but lower for older ages. The shape of the improvements is very similar
with peaks and troughs at roughly the same ages.

The high rates of improvement noted for previous projections for the cohorts
born around 1931 (aged around 85 in 2016) have continued although the
peak is now for a slightly younger cohort.

Figure 1(b), Comparison of projected smoothed percentage reductions in
death rates by age, United Kingdom, ONS method, 2015-2016

(b) Females

Fercentage reduction

= e e = 014 based projections

—— ONS Proposed 2016-based projections
5.0 4

4.0 4

-1.0 - Age

The proposed mortality improvement rates for females in 2015-16 for the
2016-based projections under the current ONS method are broadly similar to
those projected for 2015-16 in the previous 2014-based projections for ages
below 70 and, as for males, lower at older ages. Also, as for males, the
shape of the improvements is very similar with peaks and troughs at roughly
the same ages.
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UoS method

Figures 2(a) and 2(b) show the assumptions for the smoothed reductions in
death rates by age for 2015/16 proposed for use as the base improvement
factors in the UoS method 2016-based projections, together with the assumed
reductions for 2015/16 used in the 2014-based projections.

Figure 2(a), Comparison of projected smoothed percentage reductions in
death rates by age, United Kingdom, UoS method, 2015-2016

(a) Males

Fercentage reduction
= o= e » 214-based projections

5.0 7

e |0 S Proposed 2016-based
projections

Age

There are noticeable differences between the proposed mortality
improvements rates in 2015-16 for the 2016-based projections under the UoS
method and those projected for 2015/16 from the 2014-based projections for
males. Although starting from a broadly similar point, the improvement rates
for the younger ages are substantially lower under the UoS method at most
ages up to around 70 except in the late 30s, early 40s and around age 60. At
older ages the improvements rates are relatively close to those projected in
the 2014-based projections up to ages in the early 90s and lower at older
ages, with peaks and troughs at broadly the same ages.
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Figure 2(b), Comparison of projected smoothed percentage reductions in
death rates by age, United Kingdom, UoS method, 2015-2016

(b) Females

Fercentage reduction
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Similarly, there are noticeable differences between the proposed mortality
improvements rates in 2015-16 for the 2016-based projections under the UoS
method and those projected for 2015/16 from the 2014-based projections for
females and with broadly similar patterns of differences. As for males, the
UoS improvement rates are generally lower for ages up to around 70; at older
ages the improvements rates are relatively close to those projected in the
2014-based projections up to ages in the early 90s and lower at older ages,
with peaks and troughs at broadly the same ages.

Comparison of results from ONS and UoS method

Figures 3(a) and 3(b) compare the assumptions for the smoothed reductions
in death rates by age for 2015/16 proposed for use as the base improvement
factors in the ONS and UoS method 2016-based projections.
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Figure 3(a), Comparison of projected smoothed percentage reductions in
death rates by age, United Kingdom, 2015-2016, ONS and UoS methods
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There are noticeable differences between the proposed mortality
improvements rates in 2015-16 for the 2016-based projections between the
ONS and UoS methods for males. Although starting from a slightly higher
point, the improvement rates for the younger ages are generally substantially
lower under the UoS method at most ages up to around 70 except in the late
30s, early 40s and around age 60. Conversely, at older ages the
improvements rates are higher and with peaks and troughs at slightly different
ages.
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Figure 3(b), Comparison of projected smoothed percentage reductions in
death rates by age, United Kingdom, 2015-2016, ONS and UoS methods

(b) Females
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Similarly, there are noticeable differences between the proposed mortality
improvements rates in 2015-16 for the 2016-based projections under the ONS
and UoS methods for females. The improvement rates under the UoS
method have a slightly higher starting point then show a significantly lower
rate of improvement for most ages up to age 70, except for ages 25-40 and
around age 60. The UoS method then has generally higher rates of
improvement for ages 70 to 95 when compared to the current ONS method.

3.2 Target rates of mortality improvements in 2041

Targets rate of improvement at some future year are required for both the
ONS and UoS methods; in both cases the target year is the 25" year of the
projection period i.e. 2041 for the 2016-based projections.

The target rates of mortality improvements for recent projections have been
determined by considering:
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o Analysis of historic changes in mortality rates over differing periods of
time and setting assumptions which produce similar improvements
over the same periods in the future;

oAnalysis of the past and likely future drivers of mortality change to inform
the choice of assumptions to allow for known or likely future changes;
and



oThe views expressed at the meeting of the Expert Advisory Panel (see
Annex A).

This approach has been followed again.

The age standardised rates of improvement for the age group 0 to 99 using
the assumed rates of improvement by age for 2015-16 shown in Figures la
and 1b for the current ONS method are around 2.2% per year for males and
around 1.9% per year for females. The improvements for the age group 50 to
89 are around 1.9% per year for males and 1.6% females. Under the UoS
method the age standardised rates of improvement for the age group 0 to 99
using the assumed rates of improvement by age for 2015-16 shown in Figures
2a and 2b are 1.7% for males and 1.6% for females. Whether the recent
average annual rates of improvement will remain at similar levels in the future
or increase or decrease is difficult to determine.

There continues to be considerable debate amongst demographers as to
whether the recent decline in life expectancy is the start of a new trend or
whether this is just a blip in a trend of continuous improvement. For instance,
factors such as lifestyle (e.g. the potential continuing rise in obesity levels), a
slowing down in medical advances, increases in dementia and Alzheimers
diseases and the possible emergence of new diseases and increases in anti-
microbial resistance may cause the recent decline to continue.

As set out in Table B2, Annex B, the average annualised rate of improvement
in age standardised mortality rates in England and Wales for ages 0 to 99
over the period 1910-12 to 2013-15 was around 1.2% per year for males and
1.1% a year for females. Over the 83 year period 1930-32 to 2013-15 the
average annualised rate of improvement was around 1.3% per year for both
males and females. Over the 53 year period 1960-62 to 2013-15, the rates of
improvement were around 1.6% per year for males and 1.3% per year for
females. The average rate of improvement over successive decades since
1930-32 remained relatively constant for females, apart from the last decade,
whereas for males Table B2 shows a relatively constant lower rate over the
period 1930-32 to 1970-72 followed by a period of increasing mortality
improvement until the last few years.

Table B3 shows the average annualised rates of improvement in the
smoothed mortality rates for the United Kingdom used as the basis for
analysing and projecting trends for various periods between 1975 and 2015.
The annualised improvements in the standardised mortality rates between
1975 and 2015 were around 1.9% per year for males and 1.4% per year for
females. The improvement rates for males were similar to those for females
in the first half of the period, but higher than for females in the second half.
Improvements in mortality rates were generally higher for males than females
at older ages before the early 1970s and it may be that there has been an
element of ‘catching up’ to the lower levels of male mortality. Relatively high
numbers of men who started smoking earlier in the 20" century have now
given up, with smoking prevalence lowest for the oldest age groups. Changes
in the patterns of male employment, such as reduction in levels of
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employment in heavy industry over the course of the last century, may have
had some effect. Future gains in longevity from such changes are less likely
as the numbers who may be potentially affected are now much smaller.

The figures in Table B3 are influenced by the cohorts born around 1931 who
have until very recently consistently exhibited higher rates of improvement
than those born either side. As these particular cohorts become centenarians
over the next 20 year period, the contribution of their lower mortality to the
overall rate of improvement will lessen considerably and hence, other things
remaining equal, it might be expected that the overall age standardised rates
of improvement would decline in future compared to the recent past as these
cohorts become very old, even if this differential persisted into very old ages.

The average annualised improvement over a longer period is considered to
be a more reliable indicator of the general level in mortality improvement for
males than that for the most recent past. The average annualised rates of
improvement over the last 80 or 100 years suggest that the average future
rates of improvement over a long period of somewhere between 1.2% and
1.3% per year would be reasonable for both males and females. This is also
in line with the rates of improvement for 2041 suggested by members of the
NPP Expert Advisory Panel, which, where given, ranged from 1.0% to 1.2%
for males and females.

Almost all members (7 out of 8) of the expert advisory panel (see Annex A)
felt that the improvement rate for a given age should be the same for both
males and females with the remainder favouring a higher rate for males than
females.

For the current ONS method the 2006-based projections introduced higher
rates of improvements for those born between 1923 and 1938 (as well as
reduced ones for those born before 1901). However, these differentials
appear to have reduced or disappeared in the data for the most recent years.
Until recently, the clearest cohort effects were for those born in the early
1930s who will be centenarians in 2041; high rates of improvement are likely
to be too optimistic an assumption based on current evidence. In the Expert
panel meeting there were mixed views on this point; some experts thought
that the relatively higher improvement rates for these cohorts would continue
whilst others expected the higher rates to reduce in the next 5 to 25 years.
Taking all this into consideration, it is proposed to no longer retain the
assumption of higher target rates of improvements for these cohorts for future
years. The effect of this is relatively small reducing period life expectancies at
birth for both males and females by around 0.1 year in 2041.

Since the proposed rates of mortality improvement for 2016 are higher for
males than females at many ages, this results in male mortality rates which
converge towards those for females of the same age over future years. If the
target rates for females were assumed to be lower than for males, the
convergence would be accelerated and could result in male mortality rates
falling below those for females of the same age in future years. There is little
evidence for assuming higher improvement rates for females compared to
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males in 2041 and beyond. Hence the same target rates have been assumed
for males and females of the same age in 2041 and thereafter.

For the ONS method it is proposed that the assumed rates of mortality
improvement in the target year 2041 (the 25" year of the projection period)
will be 1.2% per year for both males and females, for those born in 1924 and
later. For those born before 1924 target rates are assumed to decline from
1.1% to 0.1% for those born in 1906 and earlier. This differs slightly from the
2014-based projections where for those born before 1939 the improvement
rate was assumed to increase to a peak of 2.5% for those born in 1931 and
1932 declining back to 1.0% for those born in 1922 and earlier.

For the UoS method it is proposed that the age-specific assumed rates of
mortality improvement in the ‘target’ year 2041 (the target year is the 25th
year of the projection period) will be 1.2% per year for both males and
females across all ages.

As a result, for the target year and after, in the UoS method those born in
2016 or later years are projected to experience uniform rates of improvement
the same as those assumed for the target year (1.2%) per year from 2041.
Those born prior to 2016 will continue to show varying levels of mortality
improvement beyond 2041 as an additional cohort improvement rate is also
applied (which depends on year of birth). Hence the target rates of
improvement are not 1.2% for all ages in 2041 (or later years).

It may be argued that the average annualised rates of improvement for the UK
shown in Table B3 suggest higher target rates. However, because of the high
rates of improvement assumed in the first year of the projections, and the
method of convergence assumed from the base rates to the target rates in the
25th year of the projections, the equivalent average annualised rates of
improvement in age standardised projected mortality rates for ages 0 to 99
over the first 25 years of the projection are around 1.5% and 1.3% per year for
males and females respectively. These are lower than the average annual
rate of improvement over the last 25 years for males and females, 2.2% and
1.4% respectively.

Table B3 Annual rates of improvement in standardised UK
mortality rates

Period Decrease in standardised UK mortality rate

Ages 0-99 Ages 50-89

Males Females Males Females
1975-2015 1.9% 1.4% 2.1% 1.7%
1975-1995 1.4% 1.3% 1.6% 1.5%
1995-2015 2.3% 1.5% 2.6% 1.8%
1990-2015 2.2% 1.4% 2.4% 1.7%
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3.2.1 Rates of mortality improvement 2016 to 2041

ONS method

Under the current ONS method the rates of improvement by age and sex for
the years 2017 to 2040 are obtained by interpolating exponentially between
the rate of improvement assumed for 2016 and the rate assumed for 2041.
The rate of convergence is assumed to be the same for males and females
with half the fall (or increase) to the target rate occurring by the 11th year of
the projection period. These assumptions are the same as those used in the
2014-based projections.

UoS method

In the UoS method the rates of improvement by age and sex are obtained
through fitting the infant, main and old age models to male and female input
data separately as described in section 2. Convergence to the target mortality
improvement is incorporated within the model using the following
convergence function.

. [a"’ + (@, — af) [1 +2 (;—5)3 _3 (iﬂ t=0,1,..,24;
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3.2.2 Rates of mortality improvement after 2041

ONS method

Under the current ONS method the rates of improvement after 2041 are
assumed to remain constant at the rate assumed for 2041 for each year
thereafter, by year of birth for those born before 1960 and by age for those
born later. For the 2016-based projections those born during the period 1923
to 1938 will no longer be assumed to continue to experience higher rates of
improvement as they age beyond 2041. Any similar cohort effects for other
years of birth are also assumed to have disappeared by 2041. Since the
assumed long term rates of improvement will be lower at most ages than
those currently being experienced, this will result in lower increases in life
expectancies in the long term compared to those projected for the immediate
future.

UoS method

Under the UoS method the rates of improvement after 2041 are assumed to
remain constant at the rate assumed for 2041 for each year thereafter for
those born in 2016 or later. Those born prior to 2016 will continue to show
varying levels of mortality improvement beyond 2041 as the 1.2% target rate
of improvement only applies to the year-on-year improvements by age; an
additional cohort improvement rate which depends on year of birth and may
be negative is also applied.

19



3.2.3 Reductions in mortality over the projection period 2016-2091

As discussed earlier, the age-specific rates of improvement in age
standardised mortality rates assumed in the first year of the projections, which
are higher than the long-term assumed improvements of 1.2% per year at
most ages, mean that over the 100 years of the official projection period, the
average rate of improvement will be higher than 1.2% per year. In fact, the
assumed average annual rate of improvement in age standardised mortality
for ages 0 to 99 over the next 100 years is around 1.3% per year for males
and 1.2% for females. This compares to average rates of improvement in age
standardised mortality over the 100 years prior to 2016 of around 1.2% per
year for males and for females under both the ONS and UoS methodologies.
Thus the ONS and UoS proposed assumptions produce slightly higher
average annualised rates of aggregate mortality improvement for males and
similar rates for females over the next 100 years than was experienced over
the last 100 years.

Tables 2(a) and 2(b) show the proposed reductions in death rates for various
ages in selected future years for the ONS and UoS methods respectively, the
total reduction over the 25 years from 2016 and the equivalent annualised
reduction over the same period. The figures shown in italics in the last column
are the corresponding reductions over the 25 year period 2014 to 2039
assumed in the 2014-based projections.

For the ONS method, a continuing significant feature for those cohorts born in
1946 and earlier is that some generations have consistently shown
particularly light mortality when compared with their predecessors or
successors. This is especially the case for the generation born around the
early 1930s. Analysis of the data for recent projections suggested that cohort
effects may also be emerging for more recent years of birth. This still appears
to be the case. Therefore, as in the previous projections, changes in mortality
will be projected on a cohort basis for those born before 1960, as can be seen
to some extent in Table 2(a). These cohorts were aged 57 and over in 2016.
These cohort features are also evident in the UoS projections.

In general, the resulting projected reductions for the period 2016-41 for the
ONS method are lower for females at most ages than for the same period for
the 2014-based projections and a little lower for males from around age 40.
For the UoS method, the projected reductions are generally higher at the
youngest and oldest ages and around age 42 and lower at other ages.
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Table 2(a), ONS Assumed percentage reduction in death rates, my, between
consecutive calendar years in the projection period and the total reduction
over 25 years

Percentages
Reduction
2016 2020 2030 2040 Reduction Equivalent 2016-2041
to to to to over 25 annual (2014
Age 2017 2021 2031 2041 yrs reduction  projections)
Males
0 250 225 166 1.20 36.4 1.80 34.0
2 263 235 170 1.20 37.3 1.85 34.8
12 363 3.15 205 1.20 44.3 2.31 41.8
22 425 365 227 1.20 48.2 2.60 44.1
32 256 229 168 1.20 36.9 1.82 34.0
42 090 096 1.09 1.20 23.4 1.06 24.7
52 2.07 190 150 1.20 33.1 1.60 34.0
62 166 187 149 1.20 32.3 1.55 33.2
72 219 193 149 1.20 32.4 1.56 34.8
82 206 178 152 1.20 32.6 1.57 37.1
92 0.65 138 145 1.20 29.2 1.37 38.4
Females
0 262 234 170 120 37.3 1.85 37.4
2 269 239 172 1.20 37.8 1.88 37.2
12 284 252 177 1.20 38.9 1.95 40.3
22 255 229 167 1.20 36.8 1.82 37.3
32 103 1.06 114 1.20 24.6 1.12 29.5
42 110 112 116 1.20 25.2 1.15 31.7
52 179 167 141 1.20 30.9 1.47 34.2
62 141 154 135 1.20 29.3 1.38 33.1
72 167 166 135 1.20 29.6 1.40 34.1
82 178 157 140 1.20 29.9 141 35.9
92 0.08 093 136 1.20 25.3 1.16 30.7
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Table 2(b), UoS Assumed percentage reduction in death rates, my, between
consecutive calendar years in the projection period and the total reduction
over 25 years

Percentages
Reduction
2016 2020 2030 2040 Reduction Equivalent 2016-2041
to to to to over 25 annual (2014
Age 2017 2021 2031 2041 yrs reduction  projections)
Males
0 353 329 202 121 43.62 2.27 34.0
2 326 305 193 121 41.83 2.14 34.8
12 118 222 168 1.21 35.07 1.71 41.8
22 154 073 093 1.21 10.59 0.45 44.1
32 139 184 081 1.02 14.68 0.63 34.0
42 158 183 250 0.1 36.11 1.78 24.7
52 024 041 222 262 33.91 1.64 34.0
62 2.03 158 041 214 27.08 1.26 33.2
72 377 1.02 133 0.20 24.01 1.09 34.8
82 322 191 050 1.04 35.11 1.71 37.1
92 120 278 136 0.30 40.46 2.05 38.4
Females
0 364 340 206 121 44.39 2.32 37.4
2 345 322 199 121 43.10 2.23 37.2
12 129 203 155 1.21 33.40 1.61 40.3
22 151 0.08 119 121 18.81 0.83 37.3
32 172 214 0.08 1.16 22.12 0.99 29.5
42 086 086 225 0.02 28.76 1.35 31.7
52 059 0.38 0.97 230 24,12 1.10 34.2
62 125 196 049 1.00 23.35 1.06 33.1
72 280 141 207 047 29.37 1.38 34.1
82 3.04 209 118 1.91 37.86 1.89 35.9
92 074 215 154 1.01 37.79 1.88 30.7
Results

It is difficult to encapsulate the effects of the mortality assumptions in a simple
way. One method often used, and which has been adopted in recent NPP
papers, is to look at the expectations of life for future calendar years on a
period basis. These are calculated using the projected mortality rates at each
age for the calendar year in question. Period expectations of life at birth for
recent years are shown in Annex B, Table B1.

ONS method

The projected period expectation of life at birth in 2041 for the UK is around
0.9 years lower for both males and females compared to those proposed for
2041 in the 2014-based projections (see Table 1(a)). This is mainly a result of
the differences in initial rates of mortality improvement and base mortality
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rates assumed for 2016 compared to those projected for 2016 in the 2014-
based projections and the change in target rates of improvement for those
born between 1923 and 1938, slightly offset by moving target year two years
forward. After 2041 the life expectancies for males continue to diverge from
those in the 2014-based projections to around 1.2 years lower for males and
around 1.3 years lower for females by 2100.

Figures 4 and 5 shows future period expectations of life based on the
proposed assumptions (together with those used for the 2014-based
projections for comparison).

As can be seen from Figure 4, the period expectation of life at birth has been
increasing more rapidly for males than for females in recent years and the
resulting sex difference has been falling, having peaked at about 6 years in
1981. It has been below 5 years since 1999. Under the current ONS method
projected period expectations of life at birth are assumed eventually to reach
89.1 years for males and 91.3 years for females by 2089. Under the
proposed death rate assumptions the sex difference will fall from around 3.6
years in 2015 to 2.2 years in 2089.

Similarly, as seen in Figure 5, the expectation of life at age 65 has also been
increasing more rapidly for males than for females in recent years and the
resulting sex difference has fallen from around 3.9 years in 1981 to 2.3 years
in 2015. Under the ONS method projected expectations of life at 65 are
assumed eventually to reach 26.1 years for males and 27.8 years for females
by 2089. The sex difference is projected to continue to fall reaching around
1.7 by 2089.

Figure 4 Period expectation of life at birth, actual and proposed projections,
United Kingdom (ONS method)
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Figure 5 Period expectation of life at age 65, actual and proposed projections,
United Kingdom (ONS Method)
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Over the last 25 years period expectation of life at birth has increased on
average by around 2.5 years per decade for males and 1.7 years per decade
for females. The future period expectations of life at birth for males are
projected to have a higher annual increase than for females in the early years
of the projection. However the rate of increase then reduces before broadly
levelling out at an increase of around 0.12 years per year for males, and
slightly lower for females at 0.11 years per year, from around 2039 to give
average annual increases in period life expectancy at birth over the first 25
year period of the projections of around 1.6 years per decade for males and
1.2 years per decade for females.

Period expectation of life at age 65 increased on average by around 1.8 years
per decade for males and 1.2 years per decade for females. The projected
period expectations of life at age 65 for males are projected to have a higher
annual increase than for females in the early years of the projection. However
the rate of increase then reduces before levelling out at an increase of around
0.09 years per year for both males and females, to give average annual
increases in period life expectancy at birth over the first 25 year period of the
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projections of around 1.1 years per decade for males and 1.0 years per
decade for females.

UoS method

These assumptions under the UoS approach combined with the use of the
new methodology results in a period expectation of life at birth in 2041 for the
UK around 1.1 years lower for males and 0.5 years lower for females
compared to those projected for 2041 in the 2014-based projections (see
Table 1(b)). This is a higher decrease for males and lower decrease for
females than the differentials under the ONS current method. The ages
contributing to these differentials are also different between the two
methodologies. In the ONS method, the differences are nearly all accounted
for by increases in mortality rates at ages 65 and over, whereas for the UoS
method, there are also increases in mortality rates at ages below 65 and
lower increases at ages 65 and over, as can be seen by comparing the
differentials in period life expectancy at birth and at age 65. By 2100 the
difference in life expectancy at birth for males has reduced to around 0.8
years lower whilst for females the difference in life expectancy has grown to
0.9 years lower.

Figures 6 and 7 shows future period expectations of life at birth and 65
respectively for the UoS method based on the proposed assumptions under
the new proposed method (together with those used for the 2014-based
projections under the current ONS method for comparison).

Under the UoS method, Figure 6 shows that projected period expectations of
life at birth are assumed eventually to reach 89.6 years for males and 91.9
years for females by 2089. Under the proposed death rate assumptions the
sex difference will fall from around 3.6 years in 2015 to 2.3 years in 2089.

Similarly, Figure 7 shows that projected expectations of life at 65 are assumed
eventually to reach 27.0 years for males and 28.6 years for females by 2089.
The sex difference is projected to continue to fall reaching around 1.6 by
2089.
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Figure 6 Period expectation of life at birth, actual and proposed projections,
United Kingdom (UoS method)
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Figure 7 Period expectation of life at age 65, actual and proposed projections,
United Kingdom (UoS Method)
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The projected period expectations of life at birth for males show slightly higher
annual increases than females in the early years of the projection. The rates
of increase then reduce thereafter levelling out at an increase of around 0.12
years per year for males, and slightly lower at 0.11 for females from 2037.

Similarly, the projected period expectations of life at birth for males show
slightly higher annual increases than females in the early years of the
projection. The rate of increase then reduces thereafter to an increase of 0.08
years per year for males, and 0.09 years for females in 2089.

3.2.4 Alternative target rates of improvement for 2041

Table 3(a) shows projected life expectancies at birth and at age 65 for 2041
and 2091 calculated on alternative assumed target rates of improvement in
2041. For these alternative assumptions, the target rates of 1.2% per year for
both males and females are replaced by 0.8%, 1.0% and 1.4% for those born
after 1912, 1922 and 1924 respectively.
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As can be seen the alternatives have relatively little effect on projected period
life expectancy over the next 25 years but have a much greater impact over
the long term. Also, the higher the assumed target rate the narrower the
projected sex differential in life expectancy over time. These alternative
scenarios are provided to inform debate, not as suggested alternatives to the
proposed assumptions.

Table 3(a) Projected period expectations of life for alternative target mortality
improvement rate assumptions (ONS method)

Target rate Projected period life expectancy
assumption
2041 At birth in 2041 At birth in 2091
Males Females Males Females
0.80% 82.91 85.74 86.82 89.29
1.00% 83.19 85.99 88.06 90.42
1.20% 83.47 86.25 89.30 91.55
1.40% 83.75 86.50 90.52 92.68
At age 65 in 2041 At age 65 in 2091
Males Females Males Females
0.80% 21.15 23.07 24.21 25.99
1.00% 21.37 23.27 25.23 26.96
1.20% 21.58 23.48 26.25 27.93
1.40% 21.79 23.68 27.29 28.92

Projected life expectancies for alternative assumed target rates of
improvement in 2041 have also been calculated for the UoS method in Table
3(b). As can be seen the alternatives again have relatively little effect on
projected period life expectancy over the next 25 years but have a greater
impact over the long term. Also, the higher the assumed target rate the
narrower the projected sex differential in life expectancy over time.
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Table 3(b) Projected period expectations of life for alternative target mortality
improvement rate assumptions (UoS method)

Target rate Projected period life expectancy

assumption
2041 At birth in 2041 At birth in 2091

Males Females Males Females
0.80% 82.74 86.16 87.06 89.69
1.00% 83.02 86.41 88.42 90.89
1.20% 83.30 86.66 89.77 92.10
1.40% 83.58 86.90 91.12 93.30
At age 65 in 2041 At age 65 in 2091
Males Females Males Females

0.80% 21.40 23.81 24.89 26.68
1.00% 21.60 24.01 25.99 27.70
1.20% 21.82 24.20 27.11 28.73
1.40% 22.03 24.40 28.24 29.78

4. Comparison of proposed 2016-based assumptions with
2014-based assumptions

ONS method

Comparisons of the proposed assumptions for the smoothed reductions in
death rates by age for 2015/16 for use as the base improvement factors in the
2016-based projections under the current ONS method with the assumed
reductions for 2015/16 used in the 2014-based projections are shown in
Figures 1(a) and 1(b) in Section 3.

Figures 4 and 5 show the differences in projected period life expectancies at
birth and at age 65.

Table 4 shows the values of the period expectations of life at birth and at age
65 for the UK for males and females for selected years, calculated on the
assumptions for future mortality rates detailed in Section 3, together with the
difference with comparable figures calculated from the base assumptions
used in the 2014-based projections (before re-aggregation after adjustment
for each constituent country).

As can be seen from Table 4(a), compared to the 2014 projections the
expectations of life at birth are 0.4 years lower for males and 0.3 years lower
for females in 2016. The differentials increase over time rising to just under
1.2 years lower (1.3 years for females) by the end of the projection period in
2091. Period expectation of life at age 65 is also projected to be lower for all
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years of the projection period for both males and females (around 0.3 years
lower in 2016 for both males and females and increasing to 1.2 to 1.3 years
lower by 2091 for males and for females). As mentioned earlier, the very
close similarities in the differentials in period life expectancy at birth and at
age 65 suggest that the changes are being driven mainly by projected higher
mortality rates at ages 65 and over.

Table 4(a) Period expectations of life compared with 2014-based projection
figures, United Kingdom (ONS method)

Males Females
Age 0 Age 65 Age 0 Age 65
2016- Change 2016- Change 2016- Change 2016- Change
based over 2014- based over2014- based over2014- based over 2014-
proposed based proposed based proposed based proposed based
Year EOL projection# EOL projection¥ EOL projection# EOL  projection#
2016 79.56 -0.36 18.77 -0.34 83.13 -0.34 21.09 -0.33
2026 81.39 -0.77 20.03 -0.79 84.47 -0.76 22.08 -0.77
2041 83.47 -0.92 21.58 -0.95 86.25 -0.94 23.48 -0.96
2066 86.41 -1.04 23.88 -1.06 88.92 -1.10 25.68 -1.11
2091 89.30 -1.16 26.25 -1.18 91.55 -1.27 27.93 -1.28

# Comparison with initial base rates calculated for UK before adjustment for
individual countries

Table 4(b) shows for the UoS method, the values of the period expectations of
life at birth and at age 65 for the UK for males and females for selected years,
calculated on the assumptions for future mortality rates detailed in Section 3,

together with the difference with figures calculated from the base assumptions
used in the 2014-based projections under the current ONS method (before re-

aggregation after adjustment for each constituent country).

Table 4(b) Period expectations of life compared with 2014-based projection
figures, United Kingdom (UoS method)

Males Females
Age 0 Age 65 Age 0 Age 65
2016- Change 2016- Change 2016- Change 2016- Change
based over2014- based over2014- based over2014- based over 2014-
proposed based proposed based proposed based proposed based

Year EOL projection# EOL projection# EOL projection# EOL projection#
2016 79.35 -0.57 18.86 -0.25 82.95 -0.51 21.08 -0.34
2026 81.27 -0.89 20.45 -0.36 84.67 -0.57 22.55 -0.30
2041 83.30 -1.09 21.82 -0.71 86.66 -0.53 24.20 -0.24
2066 86.49 -0.95 24.40 -0.54 89.32 -0.69 26.39 -0.40
2091 89.77 -0.69 27.11 -0.33 92.10 -0.72 28.73 -0.49

# Comparison with initial base rates calculated for UK before adjustment for
individual countries
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As can be seen from Table 4(b), compared to the 2014 projections the
expectations of life at birth are 0.6 years lower for males and 0.5 years lower
for females in 2016. These are slightly higher than the differentials observed
between the 2014 and 2016 ONS method projections for the 2016 base year
(of 0.4 years for males and 0.3 years for females). For females the
differentials increase over time to around 0.7 years lower by the end of the
projection period in 2091 (compared to a reduction of 1.3 years for the 2016
ONS method). For males the differentials increase to around 1.1 years lower
in 2041, but then decrease to around 0.7 years lower by 2091. This is a
different pattern to the differentials between the 2014 and 2016 ONS
methods. There are similar patterns for the differentials in period life
expectancy at age 65, although here the magnitude of the differentials in the
UoS method are all lower than in the ONS method. Unlike for the ONS
method the differentials are not the same order of magnitude for period life
expectancy at birth and at age 65. The smaller differentials at age 65 suggest
that parts of the differentials are being driven by higher mortality rates at
younger ages.

5. International comparisons

5.1 Expectation of Life in other countries

Tables 5 and 6 give an indication of mortality in the United Kingdom relative to
the other main European countries, the USA, Australia and Japan. Over the
first half of the 20™ century the UK experienced, along with the other countries
shown, rapid improvements in mortality. By the middle of the century life
expectancies were converging and the rate of improvement slowed. Male life
expectancy improvements have slowed recently and have lagged behind all
countries shown other than Denmark, Germany, France, USA and Poland.
Likewise female life expectancy in the UK now only exceeds Denmark, USA
and Poland. The high figures for Japan for both males and females can, in
part, be attributed to differences in lifestyle and diet and perhaps illustrates
some of the potential scope for mortality improvement.

One of the reasons for the lower projected life expectancies is the relatively
small improvement in mortality in the UK in 2012 and 2013 followed by a
decline in 2015. The data for other countries suggests that the reasons for this
may not necessarily have been solely due to UK specific factors; there were
small decreases in life expectancy for males in France, Italy, the Netherlands,
Spain, Sweden, Switzerland and Poland and females in Denmark, France,
Italy, the Netherlands, Spain, Sweden and Switzerland.
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Table 5 Period life expectancy at birth for selected countries

Females 1970 1980 1990 2000 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Denmark 759 773 777 791 803 805 805 807 808 812 816 819 819 827 828
France 759 784 810 828 837 841 844 844 845 848 850 848 850 854 851
Germany 76,1 784 810 821 823 824 824 825 826 827 828 829 831 831
ltaly 749 772 801 823 835 839 839 839 840 843 844 844 846 849 846
Netherlands 765 79.2 80.1 806 81.6 819 823 823 826 827 828 828 830 833 831
Spain 748 786 805 825 835 842 841 843 846 849 850 851 856 857 854
Sweden 771 788 804 818 824 829 830 831 833 835 837 835 837 845 840
Norway 775 792 798 814 825 827 827 830 831 832 835 834 836 841 842
Switzerland 76.1 78.8 80.8 82.6 839 840 842 844 844 846 847 847 848 852 849
UK 750 76.6 785 802 812 815 816 817 822 824 827 827 828 827 827
Australia 745 783 804 824 833 816 837 837 839 840 842 843 843 844 845
USA 747 774 788 797 804 797 804 806 809 810 811 812 812 812 819
Japan 747 788 819 846 855 812 860 861 864 863 859 864 866 86.8 86.8
Poland 733 744 752 780 794 824 797 80.0 801 806 809 810 811 816 816
Males 1970 1980 1990 2000 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Denmark 70.7 712 721 744 758 759 760 763 765 771 773 779 780 785 786
France 68.4 702 728 753 767 772 775 776 778 781 784 785 787 792 79.0
Germany 69.6 720 750 766 769 772 771 773 775 777 777 779 781 782
ltaly 69.0 705 73.6 765 78.0 784 786 787 789 793 795 796 79.8 802 80.1
Netherlands 70.8 725 738 755 772 776 780 783 785 788 792 791 794 799 797
Spain 69.2 725 734 756 770 777 778 782 785 789 792 794 799 801 799
Sweden 722 728 748 769 780 787 789 791 793 795 798 799 80.1 804 803
Norway 712 723 734 760 777 781 782 783 786 789 790 794 797 800 80.4
Switzerland 70.1 723 740 769 787 791 794 797 798 802 803 805 805 810 80.7
UK 68.7 705 729 754 769 772 774 776 781 784 788 790 790 793 79.0
Australia 678 712 743 770 785 787 790 792 793 795 797 799 80.1 803 80.4
USA 67.1 700 718 743 752 751 754 756 760 762 763 764 764 764 76.4
Japan 69.3 734 759 777 786 790 792 793 796 79.6 79.4 799 802 805 805
Poland 66.6 660 662 697 708 709 710 713 715 712 724 727 731 738 736

Source: See sources for Table 6

Italy, Norway, Australia, Japan, Sweden and Switzerland have all exceeded

80 years for male life expectancy at birth, with Spain dropping below this
figure after previously exceeding it in 2014. Of the countries shown in the
table, the highest life expectancy for males at birth was Switzerland and at

age 65 was Australia. For females the highest life expectancies at these ages

are for Japan. Under the proposed assumptions, period life expectancy at

birth would reach that currently experienced in Switzerland by 2019 for males
and in Japan by 2036 for females. The period life expectancy at age 65
would reach that currently experienced in Australia by 2017 for males and in
Japan by 2036 for females.
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Table 6 Period life expectancy at age 65 for selected countries

Males 1970 1980 1990 2000 2005 2010 2011 2012 2013 2014 2015
Denmark 138 141 150 160 169 171 173 174 182 185
France l6.7 177 186 189 188 19.0 193 19.1
Germany 119 128 140 158 165 173 175 174 176 17.7 177
Italy 134 150 165 174 182 183 183 186 189 187
Netherlands 13.3 13.7 141 160 180 183 183 184 189 186
Spain 146 155 167 171 184 186 185 189 19.1 1838
Sweden 143 143 153 167 174 182 184 184 187 189 189
Norway 138 143 146 161 171 179 180 182 184 187 1838
Switzerland  13.3 143 153 17.0 181 189 190 191 19.1 194 192
UK 121 129 140 158 170 182 185 185 187 186 184
Australia 122 138 154 172 181 189 191 191 19.2 194 195
USA 131 141 151 160 168 177 178 179 179 180 18.0
Japan 125 146 162 175 181 187 187 189 191 193
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Females 1970 1980 1990 2000 2005 2010 2011 2012 2013 2014 2015

Denmark 177 179 181 190 196 198 200 201 209 211
France 214 220 227 230 228 230 233 230

Germany 149 163 177 196 199 206 207 207 208 209 209

Italy 170 187 204 211 217 218 21.8 220 223 219
Netherlands 16.1 18.0 18.6 196 212 213 212 214 216 214
Spain 178 193 206 211 224 226 224 229 229 227
Sweden 171 181 19.0 201 206 21.0 212 210 212 215 214
Norway 16.8 182 186 186 186 21.0 212 210 21.2 215 215

Switzerland  16.3 18.2 194 20.7 216 222 222 221 221 224 222

UK 160 168 179 190 198 208 21.0 209 212 211 208
Australia 159 180 193 207 214 21.8 220 220 221 222 223
USA 170 183 189 190 195 203 203 205 205 205 206
Japan 153 17,7 20.0 224 232 23.8 237 238 240 242

Sources: ONS (UK), Eurostat, Statistics Denmark, Australian Bureau of Statistics, National
Centre for Health Statistics (USA), Ministry of Health, Labour & Welfare (Japan), INSEE
(France), Destatis (Germany), ISTAT (Italy), CBS Statistics Netherlands, National Statistics
Institute Spain, Statistics Sweden, Statistics Norway, Swiss Statistics, CSO Poland.

5.2 Eurostat, United Nations and other projections

Figures 8 and 9 compare projected period expectations of life at birth for the
UK using the proposed assumptions for the principal 2016-based projection®
and those suggested for the high and low life expectancy variants (discussed
in Section 6), with the most recent projections published by the United Nations
and Eurostat.

As can be seen, the proposed assumptions for the 2016-based principal
projection would produce projected period expectations of life at birth which
are higher than those in the most recent Eurostat and United Nations
projections for the UK.

*Comparisons with projections from the current ONS method only have been shown as differences
between in results between the UoS method and ONS method are small here.
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Figure 8, Projected period life expectancy at birth, Males, United Kingdom,
2014 to 2064
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Figure 9 Projected period life expectancy at birth, Females, United Kingdom,
2014 to 2064
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Table 7 provides a comparison of the projected period expectation of life at
birth in 2060 from the latest official projections for a selection of countries for
which these data are readily available with those proposed for the principal
2016-based UK projections.
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Table 7 Projected period expectations of life at birth in 2060 — latest official
projections for selected countries

Country Males Females
UK 85.7 88.3
Norway 87.2 89.2
The Netherlands 87.0 89.9
Sweden 86.7 89.1
Denmark (2059) 87.3 89.4
France 88.5 91.7
Switzerland 86.0 90.0
Canada (2062/3) 87.6 89.2
USA 84.0 87.1
Australia (medium 2060/1) 85.2 88.3

*Proposed assumptions of mortality improvement for 2016-based UK
projections, ONS method

Source: Latest published projections from each country's National Statistics
website

Only Australia and the USA have lower projected life expectancy at birth in
2060 for males than the UK. The projected life expectancy at birth for females
in 2060 in the UK is higher than the USA and equal to Australia. However, it
should be noted that the base mortality rates from which these are projected
will often be higher in the UK than the other countries (i.e. a lower starting life
expectancy in the UK) suggesting that a greater overall gain in life
expectancy is being projected for the UK in several cases.

6. UK variant assumptions

Variant projections based on higher and lower assumptions of fertility,
mortality and migration were prepared at UK and individual country level for
the 2014-based projections and this will be repeated for the 2016-based
projections, with variants prepared on a consistent basis for each of the
individual countries. ltis likely that the mortality variants will assume,
respectively, improvements in mortality which are 1.2 percentage points
higher, or lower (but with a minimum of 0%), than those assumed in the
principal projection at all ages in 2041 and years thereafter compared to those
assumed in the principal projection. The differentials at the oldest ages may
be different. Initial analysis suggest that the variants proposed for the 2016-
based projections would give a range of expectations of life at birth in 2041 for
the UK of about plus or minus 1.9 years for males and plus or minus 1.7 years
for females using the current ONS method. Using the UoS method the
difference for expectations of life at birth is about plus or minus 1.7 years for
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males and 1.5 years for females. The differences in expectations of life at
age 65 are slightly smaller, plus or minus 1.3 years for males and 1.2 years
for females under both the ONS method the UoS method. These differences
are broadly similar to the effects of the variant assumptions in the 2014-based
variant projections.

Demographic Analysis Unit

PSD
June 2017
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ANNEX A

NPP Expert Advisory Panel

The NPP Expert Advisory panel (eight demographic experts convened by
ONS) met in April 2017. In an accompanying questionnaire, each member of
the panel was asked for their opinions on likely future expectations of life at
birth in the UK and on six forces with the potential to have either an upwards
or downwards influence on future improvements in mortality.

The expert panel were mostly in agreement around a central estimate of life
expectancy at birth. The average response by the panel of experts for period
expectation of life at birth in 2040 was 84.4 years for males and 87.5 years for
females. These compare with the proposed projection for 2040 of 83.4 years
for males and 86.1 years for females under the ONS method, and 83.2 years
for males and 86.5 years for females under the UoS method.

Most experts were of the opinion that the target rates of improvement in male
mortality should remain at 1.2% per year although there was a suggestion
from two experts that the rate should be lower at 1.0%. The opinions on rates
of improvement in female mortality were similar, with the majority of experts
agreeing with increases of 1.2% per year but again with some suggestions of
lower rates. Two experts were of the opinion that the target improvement
rates for females should be lower than for males.

The majority of responses on the likely influences of the six suggested forces
that might have an effect on future life expectancies were either small
upwards or downwards changes or little or no change. Biomedical technology
was the only force estimated to have a large upward change but by one
expert only. Alongside biomedical technology, behavioural changes related to
health was also generally estimated to have a small upwards influence on
future life expectancy at birth. The remaining four forces, the effectiveness of
care systems, the emergence of new diseases/resurgence of old diseases,
environmental changes and changes in population composition were all
generally considered to have a small downwards influence on future life
expectancy at birth. Obesity levels were thought to either remain broadly
similar or increase in the UK over the next 25 years, but overall it was
considered that they would have little effect on future mortality.
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ANNEX B

BACKGROUND - Recent trends in mortality

Period expectations of life at most ages have continued to improve over the
second half of the 20th century and into the 21st century. However, in 2015
period expectations of life at birth decreased for the first time this century for
males (-0.21 years) and the third time this century for females (-0.29 years)
(see Figure B1). Expectations of life at birth for males last decreased in 1995
and have steadily improved since, by an average of 0.25 years per year. Over
the same time period female expectations of life increased, by an average of
0.17 years per year.

Figure B1 Period expectations of life at birth, for Males and Females, UK
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Period expectations of life at age 65 followed the same trends, declining for
both males (-0.18 years) and females (-0.33 years) in 2015. Since a
decrease in 1995, expectations of life for those aged 65 have increased by an
average of 2.3 months a year for males and 1.6 months a year for females.

Figure B2 shows sex differences for period expectations of life at birth in the
UK peaked at 6.3 years, in 1970. The gap between the sexes generally
converged to 4.8 years in 2000, 4.0 in 2010 and 3.7 in 2015, although the
difference has varied from year to year.

The same trend can be seen across other developing countries, with only
Denmark experiencing an increase in the gender gap between 2014 and
2015. In general, the sizes of the sex differentials are currently higher in
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other countries than in the UK, with Netherlands the only one lower at 3.2
years. The highest difference observed was in Poland, at 8 years.

Figure B2 Sex differences in period expectation of life at birth, selected
countries, 1960-2015

Sex differences (years) — 1N

10

Denrmark

France

Italy

= = = = GEMany

Japan

Sweden

Switzerland

— | |

1

— P 0lEnd

O T T T T T T T T T T 1
1960 18965 19Y0 1975 1980 1985 1890 1895 2000 2005 2010 2015

Year

— [ Etherlands

A similar pattern can be seen for the difference in period life expectancy at
age 65 (see Figure B3 & Table B1), which rose from 3.3 years in 1965
peaking at just below 4 years in 1983. Over the next 20 years the difference
has generally converged to 3.2 years at the turn of the century and is at its
closest point of 2.3 years in 2015. Whether this convergence will continue to
happen is a topic for debate with some experts suggesting that the greater
mortality improvements for males observed in the previous decade may have
run their course and will not continue.
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Figure B3 Sex differences in period expectations of life - United Kingdom
1961-2015
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Table B1 Sex differences in period expectations of life - United Kingdom,
1981-2015

Year Period expectation of life at birth Period expectation of life at
(years) age 65 (years)
Male Female Sexdifference | Male Female diffireexnce
1981 70.87 76.90 6.02 13.00 16.95 3.94
1982 7105 76.96 5.90 13.03 16.95 3.92
1983 7130 77.23 5.93 13.12 17.11 3.99
1984 7171 77.58 5.87 13.40 17.38 3.98
1985 7165 77.39 5.74 13.23 17.13 3.90
1986 7185 77.70 5.85 1341 17.33 3.92
1987 72.26  77.99 5.73 13.71 17.62 3.91
1988 72.38 78.09 5.71 13.79 17.62 3.84
1989 72.62 78.12 5.50 13.82 17.56 3.73
1990 72.88 78.52 5.65 14.03 17.86 3.84
1991 73.10 78.63 5.562 1411 17.83 3.72
1992 73.53 78.97 5.44 14.33 18.04 3.71
1993 73.47 78.79 5.32 1421 17.84 3.63
1994 74.05 79.34 5.28 14.65 18.27 3.62
1995 74.00 79.25 5.25 14.62 18.17 3.55
1996 7422 79.37 5.15 1479 18.24 3.45
1997 7454 79.54 5.00 15.02 18.36 3.33
1998 7474  79.76 5.02 15.23 18.52 3.30
1999 7495 79.82 4.87 15.35 18.56 3.21
2000 75.37 80.18 4.81 15.70 18.89 3.19
2001 75.68 80.41 4.72 15.98 19.07 3.09
2002 75.82 80.52 4.70 16.10 19.10 3.00
2003 76.06 80.51 4.44 16.25 19.10 2.85
2004 76.60 81.05 4.44 16.65 19.55 2.90
2005 76.87 81.21 4.34 16.87 19.65 2.77
2006 77.17 81.51 4.33 17.17 19.93 2.76
2007 77.40 81.64 4.24 17.33 20.01 2.68
2008 7759 81.70 4.11 17.46  20.06 2.60
2009 78.06 82.22 4.16 17.82 20.52 2.69
2010 78.39 82.36 3.97 18.00 20.60 2.61
2011 78.79 82.73 3.94 18.28 20.88 2.60
2012 78.97 82.68 3.71 18.30 20.74 2.44
2013 79.05 82.77 3.72 18.53 20.97 2.44
2014 79.26 83.01 3.75 18.60 21.09 2.49
2015 79.05 82.72 3.67 18.42 20.76 2.34

Trends in mortality improvements

Rates of improvement in standardised mortality rates for England and Wales
for ages 0 to 99 inclusive have been calculated using figures from the English
Life Tables (ELT) for 1910-12 onwards and the 2013-15 National Life Tables.
Standardised rates of improvement in overall smoothed mortality rates have
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also been calculated for the UK for ages 0 to 99 inclusive for each calendar
year from 1973 to 2015 inclusive. The resulting average annual rates of
decrease in mortality for various periods and age groups are given in Tables
B2 and B3.

Table B2 shows that the average annualised rate of improvement in age
standardised mortality rates for ages 0 to 99 over the 99-year period 1910-12
to 2013-15 was around 1.2% per year for males and around 1.1% per year for
females. Over the 80 year period 1930-32 to 2013-15 the average annualised
rate of improvement was 1.3% per year for both males and females. Over the
50 year period 1960-62 to 2013-15, the rates of improvement were 1.6% per
year for males and 1.3% per year for females. The average rate of
improvement over successive decades since 1930-32 remained relatively
constant for females until 1990-92 when it began to fluctuate. For males the
table shows a relatively constant lower rate over the period 1930-32 to 1970-
72 followed by a period of increasing mortality improvement.

Table B2 also indicates the large differences in mortality improvement for
differing age groups over differing periods and the ‘ageing of mortality
improvement’ in the UK. In the first half of the 20" century, the highest rates
of improvement were seen at the younger ages. However, from 1960-62 to
the end of the century, excluding children and teenagers, the ages at which
the highest rates of improvement were seen, has gradually been getting older
(e.g. 40-49 over 1970/72 to 1980/82, 50-59 over 1980/82 to 1990/92 and 60-
74 over 1990/2 to 2000/2. This trend ends for males between 2000/2 to
2013/15 which sees the highest rates of improvement for 20-24 year olds;
females have a joint highest improvement rate of 3.3% for 20-24 year olds
and 70-79 year olds.

A more detailed analysis of the pattern of changes in smoothed mortality rates
over the period 1961 to 2015 also shows that these ‘cohort effects’ have been
exhibited at older ages, with those born in the late 1920s and early 1930s
consistently exhibiting greater improvements in mortality than those born
either side for both males and females until the most recent years. The
patterns of improvements and in particular whether there are cohort patterns
are less clear for those in their 40s and 50s.

Death rates for men in their 20s and 30s rose in the mid-1980s and over the
1990s, partly attributable to deaths related to AIDS and from suicides and
accidents. However, this trend has since reversed with mortality rates at most
of these ages now declining and at relatively high rates at some ages, in
recent years. There was also relatively little improvement for females in their
20s and early 30s during the late 1980s and early 1990s, but as for males, at
these ages the rates of improvement have increased in recent years.
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Table B2 Percentage annualised rate of mortality improvement for age-
standardised aggregate mortality rates (using mx values from successive

English Life Tables, 1910-12 to 2000-02 and Interim Life Table for England

and Wales for 2013-15)

1910- 1920- 1930- 1950- 1960- 1970- 1980- 1990- 2000- 1910-
12 to 22 to 32to 52 to 62 to 7210 82 to 92 to 02 to 12 to
1920- 1930- 1950- 1960- 1970- 1980- 1990- 2000- 2013- 2013-
Age group 22 32 52 62 72 82 92 02 15 15
Males
0-4 3.1% 2.8% 4.8% 3.0% 2.1% 4.3% 4.2% 3.2% 2.6% 3.5%
5-9 1.5% 2.2% 6.1% 3.1% 1.6% 4.0% 3.4% 4.7% 2.6% 3.5%
10-14 0.5% 2.0% 4.9% 3.0% 1.2% 2.6% 2.3% 3.2% 3.2% 2.8%
15-19 0.1% 0.9% 4.8% 0.1% 0.3% 1.0% 1.9% 2.5% 4.1% 2.1%
20-24 0.1% 1.3% 4.3% 1.8% 1.3% 1.4% -0.2% 1.0% 3.7% 2.0%
25-29 0.5% 2.0% 4.0% 3.5% 1.4% 0.7% -0.4% 0.1% 2.7% 1.9%
30-34 1.0% 2.7% 3.8% 2.7% 1.6% 1.4% -0.2% -0.6% 2.0% 1.8%
35-39 1.4% 2.3% 3.6% 2.2% 1.0% 1.8% -0.1% 0.5% 1.0% 1.7%
40-44 1.8% 1.6% 2.9% 2.0% -0.1% 2.2% 1.4% 0.9% 0.7% 1.6%
45-49 2.3% 0.5% 2.0% 1.8% -0.4% 2.1% 2.5% 1.0% 1.5% 1.5%
50-54 2.0% 0.7% 1.0% 1.3% 0.2% 1.6% 3.0% 2.2% 1.8% 1.5%
55-59 1.9% 0.7% 0.3% 0.6% 0.9% 1.2% 3.1% 2.7% 2.0% 1.4%
60-64 1.3% 0.6% 0.1% 0.2% 0.8% 1.4% 2.3% 3.2% 2.3% 1.3%
65-69 0.9% 0.2% 0.2% 0.1% 0.3% 1.7% 1.8% 3.6% 2.9% 1.3%
70-74 0.6% -0.1% 0.4% 0.2% 0.1% 1.5% 1.8% 2.8% 3.1% 1.1%
75-79 0.3% -0.3% 0.4% 0.5% 0.4% 0.9% 1.8% 2.2% 3.2% 1.1%
80-84 0.1% -0.4% 0.2% 0.9% 0.7% 0.5% 1.7% 1.9% 2.4% 0.9%
85-89 0.1% -0.7% 0.0% 1.3% 0.8% 0.5% 1.4% 1.1% 1.7% 0.7%
90-94 0.0% -0.8% -0.1% 1.6% 0.6% 0.8% 0.8% 0.7% 0.9% 0.4%
95-99 -1.7% -0.8% 0.1% 1.8% -0.1% 1.2% -0.2% 0.4% 0.5% 0.1%
0-99 0.9% 0.3% 0.7% 0.8% 0.5% 1.1% 1.8% 2.1% 2.3% 1.2%
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1910-12  1920-22  1930-32 1950-52 1960-62  1970-72  1980-82 1990-92  2000-02  1910-12
to to to to to to to to to to
Age group 1920-22  1930-32  1950-52  1960-62  1970-72  1980-82  1990-92 2000-02  2013-15 2013-15

Females

0-4 3.4% 3.1% 4.9% 3.0% 2.1% 4.3% 4.2% 2.9% 2.5% 3.5%

5-9 1.5% 3.3% 7.2% 3.4% 1.5% 3.7% 3.1% 3.0% 2.6% 3.6%
10-14 0.3% 2.7% 6.5% 4.1% 1.1% 1.7% 2.4% 3.0% 2.1% 3.0%
15-19 0.2% 1.2% 6.2% 5.4% -0.4% 1.8% 1.1% 1.5% 2.9% 2.7%
20-24 -0.4% 1.4% 5.5% 6.4% 0.6% 2.0% 1.1% 1.1% 2.5% 2.6%
25-29 0.0% 1.8% 4.8% 6.2% 2.0% 1.4% 1.7% 0.7% 1.3% 2.4%
30-34 0.9% 2.1% 4.3% 4.5% 2.1% 1.6% 1.5% 0.6% 1.1% 2.3%
35-39 1.8% 2.0% 3.7% 2.9% 1.7% 2.0% 1.3% 0.9% 0.9% 2.1%
40-44 2.3% 1.7% 3.0% 2.1% 0.7% 2.4% 2.0% 0.9% 1.1% 1.9%
45-49 2.4% 1.2% 2.5% 1.8% -0.1% 2.2% 2.3% 1.1% 1.7% 1.7%
50-54 2.0% 1.2% 2.0% 1.7% -0.1% 1.3% 2.6% 1.3% 1.8% 1.6%
55-59 2.1% 0.9% 1.8% 1.6% 0.3% 0.6% 2.3% 2.1% 1.7% 1.5%
60-64 1.5% 0.8% 1.6% 1.5% 0.8% 0.5% 1.4% 2.9% 1.8% 1.4%
65-69 1.2% 0.6% 1.3% 1.3% 1.0% 1.0% 0.9% 2.8% 2.3% 1.4%
70-74 1.0% 0.4% 1.1% 1.3% 1.1% 1.4% 1.1% 2.0% 2.5% 1.3%
75-79 0.6% 0.1% 0.8% 1.4% 1.2% 1.5% 1.5% 1.4% 2.5% 1.2%
80-84 0.3% -0.1% 0.5% 1.4% 1.4% 1.2% 1.9% 1.1% 1.8% 1.0%
85-89 -0.1% -0.5% 0.3% 1.2% 1.3% 0.8% 2.1% 0.5% 1.3% 0.8%
90-94 -0.1% -0.6% 0.2% 0.8% 1.1% 1.0% 1.5% 0.0% 0.8% 0.5%
95-99 -0.4% -0.6% 0.6% 0.2% 0.2% 2.1% 0.3% -0.3% 0.4% 0.3%
0-99 0.8% 0.3% 1.1% 1.3% 1.1% 1.2% 1.6% 1.1% 1.6% 1.1%

Table B3 shows the average annualised rates of improvement in the
smoothed mortality rates for the United Kingdom used as the basis for
analysing and projecting trends for various periods between 1975 and 2015.
The annualised improvements in the standardised mortality rates between
1975 and 2015 were around 1.9% per year for males and 1.4% per year for
females. The rate of improvement over the latter half of this period was
higher than over the first half, particularly for males. These figures are similar
to those derived from ELT mortality rates in Table B2. There are some
differences because the data relate to the UK rather than England & Wales
and also use revised population estimates following the 2001 and 2011
censuses, whereas the English Life Table data for 1990-92 and 2002-02 are
based on pre-revision population estimates.
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Table B3 Annualised rates of improvement in standardised smoothed UK
mortality rates

Period Decrease in standardised smoothed UK mortality rate

Ages 0-99 Ages 50-89

Males Females Males Females
1975-2015 1.9% 1.4% 2.1% 1.7%
1975-1995 1.4% 1.3% 1.6% 1.5%
1995-2015 2.3% 1.5% 2.6% 1.8%
1990-2015 2.2% 1.4% 2.4% 1.7%

Mortality by cause of death

Figures B4 and B5 show the age standardised mortality rates for the five
leading causes of death in England and Wales for males and females
respectively between 2001 and 2015. Improvements in mortality are shown to
have been driven by more effective prevention and treatment of Ischaemic
heart disease for which the age standardised mortality rate fell by 52% and
57% for males and females respectively. Age standardised rates for
Cerebrovascular disease for both males and females have also dropped by
53% and 52% respectively over this time period. In the last few years the
significant decline in mortality from circulatory diseases appears to have
slowed down. Whether this will continue in the future is difficult to predict.

From 2001 males have seen a drop in the age standardised mortality rates for
chronic lower respiratory diseases and lung cancers by around 15% and 27%
respectively. Another factor for the recent decrease in the expectations of life
gender gap is females not experiencing these declines over the last 15 years.
Over the same time period they have seen increases of 17% and 7%
respectively.

Figure B4 and B5 also shows that from the turn of the century up until 2010
rates of dementia and Alzheimer’s have been slowly increasing. Since 2011,
the rate of this increase has accelerated, with dementia and Alzheimer’s
overtaking Ischaemic heart diseases as the leading cause of death in 2015.
Elizabeth McLaren from the Vital Statistics Outputs Branch at ONS stated that
“In 2015, dementia and Alzheimer's disease became the leading cause of
death in part because people are simply living longer but also because of
improved detection and diagnosis. An updating of the international rules for
determining the underlying cause of death is also a factor, with the increase in
cases attributed to these conditions accompanied by falls in other causes.” *
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Figure B4 Male age-standardised mortality rates for England and Wales, top
five leading causes of death, 2001 to

2015
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Figure B5 Female age-standardised mortality rates for England and Wales,
for top 5 leading causes of death, 2001 to

2015
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Figure B6 shows the registered deaths attributed to dementia and Alzheimers
for males and females in England and Wales, for the years 2004-2014. The
rates remained relatively steady between the years 2004-2010, however
between 2010-2014 rates increased dramatically by134% and 93% for males
and females respectively.

This trend is not just restricted to England and Wales. A recently published
article examining the evidence of modifiable risk factors for cognitive decline
and dementia, estimated that in 2015, 47 million people worldwide were living
with dementia and this number is projected to triple by 20502. It also points out
that currently there is an absence of a disease modifying treatment or cure. If
this persists and the numbers of registered deaths continue to increase at the
rate we have seen in the last 5 years, then dementia and Alzheimer’s will
have increasingly larger affects on overall mortality figures and should be
monitored very closely.

Figure B6 — Death rates for registered deaths from Dementia and Alzheimer’s
disease, Males and Females, England and Wales, 2004-2014

Deaths per 100,000
— M ales = Females

12000

10000 /
8000

6000 /

2000 /

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Obesity

The impact of obesity levels on future mortality has not, to date, been clear.
The main opinion from the Expert Group Panel was that the level of obesity
will increase in the future but have little or no effect on life expectancy.

It is unlikely that any possible negative effects of obesity on mortality will be
seen within this next 25 year projection period; however, it will be important to
continue the monitoring of trends in deaths from cardiovascular diseases and
diabetes to inform future projections.
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ANNEX C

ASSUMPTIONS FOR THE CONSTITUENT COUNTRIES OF THE
UNITED KINGDOM - ENGLAND

ONS method

For each individual country of the United Kingdom the projections will be
made using the same projected mortality rate reductions as are assumed for
the United Kingdom, adjusted according to the relative experience for that
country compared to that for the UK as a whole, as appropriate. These
reduction factors are applied successively to the age-specific base mortality
rates for the calendar year 2016 for each country. To obtain the 2016 base
mortality rates for each constituent country, the derived United Kingdom death
rates for 2016 are adjusted at each age in proportion to that country's
experience relative to the United Kingdom during 2013-2015, the latest three
year period for which mortality data by age and sex are available.

The basic analysis of past trends in mortality rates on which the assumptions
of future mortality improvement are based is carried out initially on UK data.
Having done this analysis at UK level, assumptions on the future rates of
improvement are set for each country individually after a comparison of the
experience of that country to the UK as a whole. It is proposed to use the
same age and sex-specific rates of mortality improvement for England, Wales
and Northern Ireland; for Scotland different, generally lower, rates of
improvement are proposed for years before 2041 for some ages for males
and for females. Having derived improvement rates for Scotland, the rates of
improvement derived for the other constituent countries are then adjusted so
that the weighted rates of improvement assumed for 2016 for the countries
combined are the same as those initially derived for the UK as a whole.

UoS method

Under the UoS method the model is fitted separately for Scotland, with
improvement rates driven by the input data, and fitted to UK minus Scotland
data to derive improvement rates and mortality rates for England, Wales and
Northern Ireland combined. The mortality rates will then be adjusted in line
with recent mortality experience for England, Wales and Northern Ireland
compared to that for those countries combined to produce projected mortality
rates for England, Wales and Northern Ireland.

The resulting proposed assumptions for England are given in the following
pages.
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Comparisons of mortality experience between England and
the UK

Figures Cla and C2a show the differences in the expectations of life for the
UK and the corresponding figures for England. The expectations of life are
calculated using data for single calendar years for the UK and for England.

The charts show that for males, after a period of almost unchanging
differentials since the early 1980s, the differentials have been increasing in
recent years. In particular the differential in life expectancy at birth, which
dipped in 2014, increased considerably in 2015. For females, the differentials
have been relatively constant over the whole period since the early 1980s
although there is similar evidence of increasing differentials in 2015.

For males the differentials are higher at lower ages and decrease with age, for
females the differentials at ages 20, 40 and 60 were the same in 2014 and
2015.

Although there is some evidence that higher rates of mortality improvement
might be assumed for England than for the UK as a whole for younger ages,
these have relatively little effect on the projections. It is proposed to assume
the same rates of improvement for England as for the UK, after any
adjustments made to allow for changes made for other countries.

Figure Cla Difference between life expectancy in the UK and England at
selected ages, Males
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Figure C2a Difference between life expectancy in the UK and England at
selected ages, Females
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Comparisons of the proposed 2016-based assumptions for England with
those from the 2014-based projections for England for the current ONS
method are shown in Figures C3a C4a and Table Cla.
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Figure C3a 2014-based and proposed 2016-based period expectation of life

at birth,
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Table Cla 2016-based proposed expectation of life compared with 2014-
based projection figures — England, ONS method

Males Females
Age 0 Age 65 Age 0 Age 65

Proposed Change over  Proposed Change over  Proposed Change over  Proposed Change over

2016 based  2014-based 2016 based  2014-based 2016 based  2014-based 2016 based  2014-based
Year EoL projection EoL projection EoL projection EoL projection
2016 79.84 -0.38 18.92 -0.34 83.37 -0.43 21.26 -0.83
2026 81.64 -0.79 20.18 -0.50 84.71 -0.84 22.25 -1.27
2041 83.70 -0.93 21.71 -0.77 86.47 -1.01 23.64 -1.46
2051 84.87 -0.98 22.62 -0.81 87.54 -1.07 24.51 -1.52

Comparisons of the proposed 2016-based assumptions for England for the
UoS method with those from the 2014-based projections for England are
shown in Figures C3a C4a and Table C2a.

Table C2a 2016-based proposed expectation of life compared with 2014-
based projection figures, England, UoS method

Males Females
Age 0 Age 65 Age 0 Age 65

Proposed Change over  Proposed Change over  Proposed Change over  Proposed Change over

2016 based 2014-b_ased 2016 based 2014-b_ased 2016 based 20;4-b_ased 2016 based 201_4-b_ased
Year EoL projection EoL projection EoL projection EoL projection
2016 79.64 -0.58 19.00 -0.26 83.20 -0.60 21.24 -0.84
2026 81.56 -0.87 20.59 -0.09 84.91 -0.65 22.71 -0.82
2041 83.57 -1.07 21.94 -0.54 86.89 -0.60 24.34 -0.76
2051 84.74 -1.12 22.74 -0.69 88.00 -0.61 25.20 -0.84

Comparison of ONS and UoS projections

Overall the UoS method projects lower period life expectancies at birth than
the ONS method for males of between 0.1 and 0.2 years over the 35 year
period shown, whereas the period life expectancy at age 65 are higher (by
between 0.1 and 0.4 years). For females the period life expectancies at birth
and at age 65 are higher under the UoS method, apart from 2016, with the
projected UoS life expectancies increasing faster than the ONS projections
and more so at age 65 than at birth.

The patterns and magnitude of the differences are similar to those exhibited
for the projections for Wales and for Northern Ireland.
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ANNEX C

ASSUMPTIONS FOR THE CONSTITUENT COUNTRIES OF THE
UNITED KINGDOM - WALES

ONS method

For each individual country of the United Kingdom the projections will be
made using the same projected mortality rate reductions as are assumed for
the United Kingdom, adjusted according to the relative experience for that
country compared to that for the UK as a whole, as appropriate. These
reduction factors are applied successively to the age-specific base mortality
rates for the calendar year 2016 for each country. To obtain the 2016 base
mortality rates for each constituent country, the derived United Kingdom death
rates for 2016 are adjusted at each age in proportion to that country's
experience relative to the United Kingdom during 2013-2015, the latest three
year period for which mortality data by age and sex are available.

The basic analysis of past trends in mortality rates on which the assumptions
of future mortality improvement are based is carried out initially on UK data.
Having done this analysis at UK level, assumptions on the future rates of
improvement are set for each country individually after a comparison of the
experience of that country to the UK as a whole. It is proposed to use the
same age and sex-specific rates of mortality improvement for England, Wales
and Northern Ireland; for Scotland different, generally lower, rates of
improvement are proposed for years before 2041 for some ages for males
and for females. Having derived improvement rates for Scotland, the rates of
improvement derived for the other constituent countries are then adjusted so
that the weighted rates of improvement assumed for 2016 for the countries
combined are the same as those initially derived for the UK as a whole.

UoS method

Under the UoS method the model is fitted separately for Scotland, with
improvement rates driven by the input data, and fitted to UK minus Scotland
data to derive improvement rates and mortality rates for England, Wales and
Northern Ireland combined. The mortality rates will then be adjusted in line
with recent mortality experience for England, Wales and Northern Ireland
compared to that for those countries combined to produce projected mortality
rates for England, Wales and Northern Ireland.
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Comparisons of mortality experience between Wales and the
UK

Figures C1b and C2b show the differences in the expectations of life for the
UK and the corresponding figures for Wales. The expectations of life are
calculated using data for single calendar years for the UK and for Wales.

The charts show that during the 1980s there was a convergence of
expectations of life with those of the UK at most ages followed by a rapid fall
in the early 1990s back to the differentials seen in the early 1980s. Since the
mid 1990s the differentials with the UK have varied around relatively constant
levels for males until 2006 after which there appears to have been an
increase in the differentials. For females there was a continuing divergence
during the late 1990s, but the differentials appear to have remained at
relatively constant levels since during the 21% century. Overall there appears
to be little firm evidence that different assumptions should be used for Wales
than for England or for the UK. Therefore, it is proposed to assume the same
rates of improvement for Wales as for the UK, after any adjustments made to
allow for changes in made for other countries.

Figures C3b and C4b and Table C1b give comparisons of the proposed 2016-
based assumptions for Wales with those from the 2014-based projections for
Wales.

Figure C1b Difference between life expectancy in the UK and Wales at
selected ages, Males
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Figure C2b Difference between life expectancy in the UK and Wales at
selected ages, Female
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Figures C3b and C4b and Table C1b give comparisons of the proposed 2014-
based assumptions for Wales with those from the 2016-based projections for
Wales.
Figure C3b 2014-based and proposed 2016-based period expectation of life
at birth
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Figure C4b 2014-based and proposed 2016-based period expectation of life
at age 65
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Table C1b ONS 2014-based proposed expectation of life compared with
2016-based projection figures — Wales, ONS method

Males Females
Age 0 Age 65 Age 0 Age 65

Proposed  Change Proposed  Change Proposed  Change Proposed  Change

UoS 2016  over 2014- UoS 2016  over 2014- UoS 2016  over 2014-  UoS 2016  over 2014-

based based based based based based based based
Year EoL projection EoL projection EoL projection EoL projection
2016 78.90 -0.29 18.41 -0.35 82.59 -0.34 20.74 -0.37
2026 80.76 -0.71 19.68 -0.79 83.98 -0.78 21.75 -0.81
2041 82.88 -0.86 21.23 -0.95 85.78 -0.98 23.16 -1.01
2051 84.09 -0.91 22.14 -0.99 86.87 -1.04 24.04 -1.07
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Table C2b 2014-based proposed expectation of life compared with 2016-
based projection figures — Wales, UoS method

Males Females

Age 0 Age 65 Age 0 Age 65

Proposed Change Proposed Change Proposed Change Proposed Change
UoS over UoS over UoS over UoS over
2016 2014- 2016 2014- 2016 2014- 2016 2014-
based based based based based based based based
Year EoL projection EoL projection EoL projection EoL projection

2016 78.65 -0.54 18.48 -0.28 82.40 -0.54 20.72 -0.38
2026 80.60 -0.86 20.07 -0.39 84.13 -0.63 22.21 -0.36
2041 82.66 -1.08 21.42 -0.75 86.14 -0.61 23.85 -0.32
2051 83.88 -1.12 22.24 -0.89 87.29 -0.62 24.71 -0.40

Comparison of ONS and UoS projections

Overall the UoS method projects lower period life expectancies at birth than
the ONS method for males at around 0.2 years over the 35 year period
shown, whereas the period life expectancy at age 65 are higher (by between
0.0 and 0.4 years). For females the period life expectancies at birth and at
age 65 are higher under the UoS method, apart from 2016, with the projected
UoS life expectancies increasing faster than the ONS projections and more so
at age 65 than at birth.

The patterns and magnitude of the differences are similar to those exhibited
for the projections for England and for Northern Ireland.
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ANNEX C
ASSUMPTIONS FOR THE CONSTITUENT COUNTRIES OF THE UNITED
KINGDOM - SCOTLAND

ONS method

For each individual country of the United Kingdom the projections will be
made using the same projected mortality rate reductions as are assumed for
the United Kingdom, adjusted according to the relative experience for that
country compared to that for the UK as a whole, as appropriate. These
reduction factors are applied successively to the age-specific base mortality
rates for the calendar year 2016 for each country. To obtain the 2016 base
mortality rates for each constituent country, the United Kingdom death rates
are adjusted at each age in proportion to that country's experience relative to
the United Kingdom during 2013-2015, the latest three year period for which
mortality data by age and sex are available.

The basic analysis of past trends in mortality rates on which the assumptions
of future mortality improvement are based is carried out initially on UK data.
Having done this analysis at UK level, assumptions on the future rates of
improvement are set for each country individually after a comparison of the
experience of that country to the UK as a whole. It is proposed to use the
same age and sex-specific rates of mortality improvement for England, Wales
and Northern Ireland; for Scotland different, generally lower, rates of
improvement are proposed for years before 2041 for some ages for males
and for females. Having derived improvement rates for Scotland, the rates of
improvement derived for the other constituent countries are then adjusted so
that the weighted rates of improvement assumed for 2016 for the countries
combined are the same as those initially derived for the UK as a whole.

UoS method

Under the UoS method the model is fitted separately for Scotland, with
improvement rates driven by the input data, and fitted to UK minus Scotland
data to derive improvement rates and mortality rates for England, Wales and
Northern Ireland combined. The mortality rates will then be adjusted in line
with recent mortality experience for England, Wales and Northern Ireland
compared to that for those countries combined to produce projected mortality
rates for England, Wales and Northern Ireland.

The resulting proposed assumptions for Scotland are given in the following
pages.
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Comparisons of mortality experience between Scotland and the
UK

Figures C1lc and C2c show the differences in the expectations of life for the
UK and the corresponding figures for Scotland. The expectations of life are
calculated using data for single calendar years for the UK and for Scotland.
Expectations of life for males in Scotland have generally continued to diverge
from those in the UK since 1981 until around 2008. In general, the rate of
divergence appeared to have been higher for younger ages than older ages,
although there has been some convergence in recent years at young ages.
The differentials are lower at the older ages. Thus, there is some evidence of
a continuing divergence in mortality experience of Scottish males compared to
the UK at younger ages and middle ages, but less so at older ages. Itis
proposed to assume different, usually lower, rates of improvement in the first
25 years of the projections for males at some ages compared to the
assumptions for the UK, as has been done in previous projections.

For females, differentials were generally stable in the 1980s and 1990s but
began to diverge from the UK from the late 1990s, since then there has been
some convergence in the most recent years. Recent projections have
assumed lower rates of improvement for some ages for Scotland than for the
UK. ltis likely that this will be the case again for the 2016-based projections,
but this requires further investigation and discussion with National Records of
Scotland.

A set of improvement rates for Scottish males and females has been derived
using the methodology adopted in recent past ONS projections and the
figures in this Annex are based on those assumptions. However, the final
assumptions to be adopted will be decided in consultation with National
Records of Scotland (NRS).
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Figure Cl1c Difference between life expectancy in the UK and Scotland at

selected ages, Males
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Figure C2c Difference between life expectancy in the UK and Scotland at
selected ages, Females
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Figures C3c and C4c and Table Clc give comparisons of the proposed 2016-
based assumptions for Scotland under the ONS method with those from the
2014-based projections for Scotland.

Figures C3c and C4c and Table C2c give comparisons of the proposed 2016-
based assumptions for Scotland under the UoS method with those from the
2014-based projections for Scotland. The proposed assumptions for Scotland
will be revised following consultation with NRS

Figure C3c 2014-based and proposed 2016-based period expectation of life
at birth
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Figure C4c 2014-based and proposed 2016-based period expectation of life
at age 65
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Table Clc 2016-based proposed expectation of life compared with 2014-
based projection figures — Scotland, ONS Method

Males Females
Age 0 Age 65 Age 0 Age 65

Proposed Change Proposed Change Proposed Change Proposed Change

UoS 2016 over 2014- UoS 2016 over 2014- UoS 2016 over 2014- UoS 2016 over 2014-

based based based based based based based based
Year EoL projection EoL projection EoL projection EoL projection
2016 77.59 -0.22 17.62 -0.35 81.47 -0.17 19.90 -0.23
2026 79.54 -0.65 18.92 -0.80 82.75 -0.52 20.82 -0.61
2041 81.79 -0.81 20.56 -0.96 84.60 -0.66 22.25 -0.76
2051 83.03 -0.87 21.48 -1.01 85.72 -0.73 23.14 -0.81
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Table C2c 2016-based proposed expectation of life compared with 2014-
based projection figures — Scotland, UoS Method

Males Females

Age 0 Age 65 Age 0 Age 65

Proposed Change Proposed Change Proposed  Change Proposed Change
UoS 2016 over 2014- UoS 2016 over 2014- UoS 2016 over 2014- UoS 2016  over 2014-

based based based based based based based based
Year EoL projection EoL projection EoL projection EoL projection
2016 76.85 -0.96 17.51 -0.46 81.10 -0.53 19.79 -0.34
2026 78.78 -1.41 19.24 -0.47 82.75 -0.53 21.30 -0.12
2041 81.05 -1.55 20.73 -0.73 84.67 -0.59 22.97 -0.04
2051 82.41 -1.50 21.47 -1.01 85.67 -0.78 23.64 -0.32

Comparison of ONS and UoS projections

Overall the UoS method projects lower period life expectancies at birth than
the ONS method for males of between 0.6 and 0.8 years over the 35 year
period shown, whereas the period life expectancy at age 65 are broadly
similar under the two methods. For females the period life expectancies at
birth are broadly similar, apart from 2016, whereas those at age 65 are
generally higher under the UoS method than the ONS method.
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ANNEX C
ASSUMPTIONS FOR THE CONSTITUENT COUNTRIES OF THE
UNITED KINGDOM - NORTHERN IRELAND

ONS method

For each individual country of the United Kingdom the projections will be
made using the same projected mortality rate reductions as are assumed for
the United Kingdom, adjusted according to the relative experience for that
country compared to that for the UK as a whole, as appropriate. These
reduction factors are applied successively to the age-specific base mortality
rates for the calendar year 2016 for each country. To obtain the 2016 base
mortality rates for each constituent country, the derived United Kingdom death
rates for 2016 are adjusted at each age in proportion to that country's
experience relative to the United Kingdom during 2013-2015, the latest three
year period for which mortality data by age and sex are available.

The basic analysis of past trends in mortality rates on which the assumptions
of future mortality improvement are based is carried out initially on UK data.
Having done this analysis at UK level, assumptions on the future rates of
improvement are set for each country individually after a comparison of the
experience of that country to the UK as a whole. It is proposed to use the
same age and sex-specific rates of mortality improvement for England, Wales
and Northern Ireland; for Scotland different, generally lower, rates of
improvement are proposed for years before 2041 for some ages for males
and for females. Having derived improvement rates for Scotland, the rates of
improvement derived for the other constituent countries are then adjusted so
that the weighted rates of improvement assumed for 2016 for the countries
combined are the same as those initially derived for the UK as a whole.

UoS method

Under the UoS method the model is fitted separately for Scotland, with
improvement rates driven by the input data, and fitted to UK minus Scotland
data to derive improvement rates and mortality rates for England, Wales and
Northern Ireland combined. The mortality rates will then be adjusted in line
with recent mortality experience for England, Wales and Northern Ireland
compared to that for those countries combined to produce projected mortality
rates for England, Wales and Northern Ireland.

The resulting proposed assumptions for Northern Ireland are given in the
following pages.

Comparisons of mortality experience between Northern Ireland
and the UK

Figures C1d and C2d show the differences in the expectations of life for the
UK and the corresponding figures for Northern Ireland. The expectations of
life are calculated using data for single calendar years for the UK and for
Northern Ireland.
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The charts show that the large differentials which existed for males in the
early 1980s reduced fairly rapidly by the early 1990s. During the 1990s the
differences have varied within a range of 0 to minus 0.7 years, with alternating
periods of convergence and divergence into the 21% Century. However, the
most recent year shows a divergence away from life expectancy figures for
the UK as a whole, especially at younger ages. Female differentials also
reduced rapidly over the 1980s followed by alternating periods of
convergence and divergence. During the 1990s and in recent years the
differentials have generally varied within a range of 0 to minus one year, for
any given year in that period. In recent years the general trend for females
appears to be a convergence between expectations of life in Northern Ireland
and the United Kingdom. Given the relatively small numbers involved
compared to the UK as a whole, and no continual strong pattern of either
convergence or divergence to the UK over recent years, it is proposed to
assume the same rates of improvement for Northern Ireland as for the UK,
after any adjustments made to allow for changes in made for other countries.

Figures C3d and C4d and Table C1d give comparisons of the proposed 2016-
based assumptions for Northern Ireland with those from the 2014-based
projections for Northern Ireland.

Figure C1d Difference between life expectancy in the UK and Northern Ireland
at selected ages, Males
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Figure C2d Difference between life expectancy in the UK and Northern Ireland
at selected ages, Females
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Figures C3d and C4d and Tables C1d and C2d give comparisons of the
proposed 2016-based assumptions for Northern Ireland with those from the
2014-based projections for Northern Ireland for both the current ONS method
and the UoS method.
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Figure C3d 2014-based and proposed 2016-based period expectation of life
at birth
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Figure C4d 2014-based and proposed 2016-based period expectation of life
at age 65
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Table C1d 2016-based proposed expectation of life compared with 2014-
based projection figures — Northern Ireland (ONS current method)

Males Females
Age 0 Age 65 Age 0 Age 65

Proposed Proposed Proposed Proposed

ONS Change ONS Change ONS Change ONS Change

2016 over 2014- 2016 over 2014- 2016 over 2014- 2016 over 2014-

based based based based based based based based
Year EoL projection EoL projection EoL projection EoL projection
2016 78.79 -0.24 18.46 -0.23 82.62 -0.42 20.79 0.00
2026 80.70 -0.59 19.73 -0.67 84.01 -0.76 21.61 -0.65
2041 82.86 -0.78 21.28 -0.84 85.83 -0.96 23.04 -0.88
2051 84.07 -0.83 22.19 -0.88 86.92 -1.00 23.92 -0.92
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Table C2d 2016-based proposed expectation of life compared with 2014-
based projection figures — Northern Ireland (UoS method)

Year
2016
2026
2041
2051

Males

Females

Age 0

Age 65

Age 0

Age 65

Proposed
UoS 2016
based

EoL

78.51
80.47
82.51

83.73

Change
over 2014-
based
projection

-0.52
-0.84
-1.12
-1.18

Proposed
UoS 2016
based
EoL

18.67
20.20
21.46

22.29

Change
over 2014-
based
projection

-0.02
-0.20
-0.66

-0.79

Proposed
UoS 2016
based

EoL

82.40
84.15
86.17

87.31

Change
over 2014-
based
projection

-0.63
-0.68
-0.63

-0.61

Proposed
UoS 2016
based
EoL

20.90
22.09
23.78

24.64

Change
over 2014-
based
projection

-0.17
-0.15
-0.14

-0.21

Comparison of ONS and UoS projections

Overall the UoS method projects lower period life expectancies at birth than
the ONS method for males of between 0.3 and 0.4 years over the 35 year
period shown, whereas the period life expectancy at age 65 are higher (by
between 0.1 and 0.5 years). For females the period life expectancies at birth
and at age 65 are higher under the UoS method, apart from 2016, with the
projected UoS life expectancies increasing faster than the ONS projections
and more so at age 65 than at birth.

The patterns and magnitude of the differences are similar to those exhibited
for the projections for England and for Wales.
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