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ABSTRACT

INTRODUCTION Population aging in Algeria dictates that the
health conditions in which the elderly are expected to spend
their remaining life years are examined. Chronic diseases
account for a significant proportion of lost healthy years.
This study aims to estimate the chronic disease-free life
expectancy for Algerian elderly, analyze its evolution from
2006 to 2019, and examine disease-specific contributions to
the years with chronic diseases.

METHODS Chronic diseases data, from the multiple indicator
cluster surveys of 2006 and 2018-2019 and national
life tables, allowed us to estimate chronic disease-free
life expectancy using Sullivan’s method. Disease-specific
contributions to the unhealthy years were estimated using
the cause-deleted healthy life expectancy approach.
RESULTS Although life expectancy at the age of 60 years
increased by roughly a year between 2006 and 2018-2019,

INTRODUCTION
During the last half-century, the Algerian population went
through a demographic transition cycle characterized
primarily by an increase in life expectancy at birth and a
significant drop in fertility!. As a result, the number of elderly
people and their life expectancy have increased. For a long
time, Algeria was thought to have a young population. In
1977, just 5.8% of Algeria’s population was 60 years or older.
By 1998, the proportion had increased to 6.7%. It reached
7.7% in 2010 and 9.5% in 20192 According to projections?,
the elderly will account for 12.5% of the country’s population
in 2030, 20% in 2050, and 20.5% in 2070.

The implications of longevity improvement on health
expenditures depend on the quality of the life years gained
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chronic disease-free life expectancy fell from 12.1 to 10.5
years in men and from 8.8 to 6.8 years in women. The main
contributors to the unhealthy years are hypertension and
diabetes. From 2006 to 2018-2019, the contribution of
hypertension declined marginally, from 49.4% to 46.9% in
men and from 58% to 53.8% in women. The contribution of
diabetes increased dramatically, from 16.1% to 26.4% in men
and from 12.3% to 22.4% in women.

CONCLUSIONS As the number of unhealthy life years expands
faster than life expectancy at the age of 60 years, it will
be imperative to plan for an augmentation of social and
healthcare expenses for the elderly. Furthermore, chronic
disease risk factors must be managed so that healthy years
increase faster than life expectancy, while prioritizing
hypertension and diabetes.

in terms of health conditions*. There are three possible
scenarios for the relative evolution of life expectancy and
healthy life expectancy (HLE): morbidity compression®,
morbidity expansion’, and dynamic equilibrium® When HLE
increases faster than life expectancy, we refer to morbidity
compression, which results in reducing disability prevalence
and concentrating the unhealthy years near the end of life.
Morbidity expansion is defined as an increase in unhealthy
years in absolute terms or relative to life expectancy. A
dynamic equilibrium, also known as a morbidity-mortality
balance, occurs when life expectancy and HLE improve at the
same rate’.

Longevity improvement increases the duration of pension
benefit payments in comparison to contribution payments.
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If not accompanied by a postponed retirement age, it is
quite likely to result in higher retirement costs relative to
contributions. However, postponing retirement age is not
always possible because the increased life expectancy does
not always imply good health, particularly in a morbidity
expansion context. Advances in medical science and
healthcare enabled individuals to live longer with their
diseases without necessarily delaying their onset age?°.
This type of situation will result in increased healthcare and
social security expenses without corresponding increases
in working years. Only in circumstances of morbidity
compression or mortality-morbidity balance is it possible to
postpone retirement while keeping working and retirement
ages balanced.

On the other hand, chronic disease prevalence increases
with age, and the elderly are more likely to have a chronic
disease than younger persons!!!% Thus, for the same
population size, chronic disease cases should be higher in
populations with a higher proportion of the elderly, and
aging populations may result in higher healthcare and social
security costs.

To better prepare for the upcoming era, which will be
essentially characterized by accelerated population aging,
in terms of elderly healthcare, it is necessary to examine
recent trends in life expectancy and chronic disease-free life
expectancy (CDFLE) among Algeria’s elderly population. For a
long time, the lack of consistent data series on chronic diseases
in Algeria made it difficult to conduct such studies. Starting
with edition 3 in 2006, the multiple indicator cluster survey
(MICS) enabled the collection of data on the prevalence of
chronic diseases in the Algerian population. Unfortunately,
such a valuable source of data remains under-exploited,
especially in regard to elderly health. Despite the considerable
number of studies dedicated to the study of elderly living
conditions in Algeria®® and their health quality!, it remains
important to push the investigation further into estimating
the proportion of healthy years that the elderly population is
expected to still have to live after the age of 60 years, as well
as determining the most contributing diseases to years with
chronic diseases (YCDs) in the elderly population. Estimating
and comparing disease-specific contributions to YCDs might
help determine which chronic diseases should be targeted in
preventive and healthcare programs for the elderly*®. Only one
previous study'® analyzed the recent evolution of the CDFLE in
the Algerian global population, but it did not take into account
disease-specific contributions to YCDs. Furthermore, a focus
on the elderly population is required, as morbidity patterns
at advanced ages may differ from those reported at adult and
younger ages.

In this study, we aim at estimating the CDFLE for Algerian
men and women aged 260 years, analyzing its evolution from
2006 to 2018-2019, and examining the gender gap in terms
of survival and health. We also estimate the disease-specific
contribution to YCDs, including a temporal evolution analysis
and gender-based comparison.

METHODS

Data sources

This study uses secondary data from two sources: chronic
diseases data from waves 3 and 6 of the multiple indicator
cluster survey (MICS)Y, which were conducted in 2006
(started on 25 March and continued for 2.5 months) and
2018-2019 (from 25 December 2018 to 22 April 2019),
respectively, and mortality data from Algeria’s official
national life tables, which were published by the Office of
National Statistics (ONS) for 2006, 2018, and 2019.

The MICS® is a program developed and funded by the
United Nations Fund for Children (UNICEF) to produce data
on various health and living conditions of households in
developing countries. The program began in the mid-1990s,
with surveys scheduled every five years. Algeria participated
in the survey in 1995 (MICS 1), 2000 (MICS 2), 2006 (MICS
3),2012-2013 (MICS 4) and 2018-2019 (MICS 6). Beginning
with wave 3, MICS introduced questions about chronic
diseases.

Concerning mortality data, the ONS publishes national
life tables for Algerian men and women on an annual basis
using civil registration data. These life tables were initially
published in 1977 and include, among other indicators,
mortality rates by abbreviated age intervals, i.e. 0, 1-4, 5-9,
10-14, and so on until the open age interval, which has
shifted from =70 years to 285 years over time. Also, the life
tables provide the remaining life expectancy at different ages.

For our study, we use the five-age mortality rates for
ages 260 years, by sex, as published by the ONS for the year
2006 and we calculate average mortality rates, by five-age
intervals and sex, based on the life tables of the years 20182°
and 201924

Sampling procedures in MICSs
The sampling of MICSs was carried out with the assistance
of the ONS, with the goal of making the survey results
representative at national and regional levels, by taking
into account four regions in MICS 3 (Center, East, West, and
South) and seven regions in MICS 6 (North-Center, North-
East, North-West, High Plains-Center, High Plains-East, High
Plains-West, and South). In both waves, the sample was
determined using a two-stage stratified sampling method.
In the first stage, a sample of clusters is randomly picked
within each region, taking into account the urban-rural
distribution of clusters in each region. In the second stage, a
set of households is randomly selected to participate in the
survey based on the households listed in the most recent
population and housing census available (Censuses of 1998
and 2008, respectively for MICS 3 and MICS 6), and after
some adjustments. To ensure that the survey population
reflects the characteristics of the national population, specific
weights are assigned to households in the survey sample.
Additionally, correction factors are used to adjust survey
results for non-responses.

In MICS 32 the four regions were further divided into 17

Popul. Med. 2024;6(November):31

https://doi.org

10.18332/popmed /196709

2


https://doi.org/10.18332/popmed/196709

Research Paper | Population Medicine

sub-regions (5 in the Center and East regions, 4 in the West,
and 3 in the South regions), and 34 clusters were randomly
picked in each sub-region, yielding a total of 578 clusters
distributed at the national level. Subsequently, 51 households
were randomly picked from each cluster, for a total of 29478
households to be surveyed. Out of this theoretical sample,
29008 households were interviewed, resulting in a 98.4%
response rate.

For MICS 6%, the first round of sampling resulted in the
selection of 179 clusters in each of the seven regions, based
on the urban-rural distribution of households in each
region, for a total of 1252 clusters. Following that, a random
selection of 25 households was carried out in each cluster,
resulting in a total of 31325 households to be interviewed;
29919 households were successfully interviewed, resulting
in a response rate of 96.7%.

Variables of interest
Respondents to the MICSs were asked if they or any other
household member suffered from any of the chronic
diseases, and if so, what type. The question is repeated for
a second probable chronic disease. It was also asked if the
chronic disease had been diagnosed by a health specialist.
MICS 6 saw the introduction of a new question about the
age at which the chronic disease was diagnosed. In MICS 3,
questions about chronic diseases were asked of all household
members of all ages, but only those aged 215 years in MICS 6.

For our study, we used the answers to the first reported
chronic disease for household members aged 260 years
at the time of the interview, with a distinction made
between men and women, in both waves. This enabled
us to determine the distribution of patients with chronic
diseases by age, gender, and chronic disease type. We notice
that the disease type grouping has changed from MICS 3 to
MICS 6. MICS 3 had six categories: hypertension, diabetes,
cardiovascular disease, asthma, joint disease, and other
diseases. In MICS 6, asthma was replaced with ‘respiratory
diseases’ and four new categories were added: cancer,
neuropsychiatric disorders, kidney diseases, and hereditary
disease. For our study, we use a common classification that
includes hypertension, diabetes, cardiovascular disease,
respiratory disease, joint disease, and other diseases.

On the other hand, the listing of the household members
allowed us to deduce the distribution of the population
exposed to the risk of chronic diseases, by age and sex.

Statistical analysis

We used R Software, version 4.2.2 (R Foundation, Vienna,
Austria), for all stages of this study, including data
cleaning, data manipulation, mortality and health indicator
estimations, and result visualization. The Method of
Sullivan?* was used to estimate the CDFLE at age 60 years for
Algerian men and women in 2006 and 2018-2019. Sullivan’s
method involves incorporating morbidity prevalence
information into life tables, allowing to split the years lived
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by a given population in each age interval into two parts:
disease-free years and morbidity-affected years.

We use the abridged life tables of 2006 and 2018-2019,
by sex and for the five age groups 60-64, 65-69, 70-74,
75-79, and 280 years. In addition to the mortality rates
(or probabilities of death) between age x and x+n, denoted
@, the life tables provide other information, including: I ,
the surviving population at age x; D_,the number of deaths
occurred between age x and x+n; L _,the total number of
person-years lived by the population between age x and
x+n; T, the total number of person-years lived by the
population from age x until the last age interval; and E_, the
life expectancy at age x.

The evolution of the surviving population from one
age to the next is determined using the probability of
death, which may be written as follows: [ =1 x (1- Q)
while the difference in survivors’ numbers between two
ages represents the deaths that occurred in between. L is
calculated by considering the individuals who died between
age x and x+n to have lived half of the age interval, and the
survivors to have lived n years each.

The idea behind Sullivan’s method is to deduce the
number of person-years lived without morbidity - without
chronic diseases in our case - in each age interval starting
from L _and the prevalence rate of morbidity (chronic
diseases) in the age interval x to x+n denoted by m . To this
purpose, L _is multiplied by the probability of not having
a chronic disease (1 - m )*. The CDFLE is then calculated
following the same procedure as life expectancy.

After grouping the population surveyed N_in MICS
3 and 6 as well as the population with chronic diseases
C, following the same age structure in the life tables, we
calculated 7 for men and women, for age groups 60-64
years to 280 years, in 2006 and 2018-2019, using the
following equation: m = C / N_.We used the calculated
prevalence rates to calculate the total number of person-
years lived without chronic disease for all age groups (60-64,
65-69, ... to 280 years). By summing and dividing the latter
by the population at age 60 years, we were able to estimate
the remaining life expectancy at age 60 years without chronic
disease. The estimation formula, as suggested by Sullivan?*,
can be written as follows:

80+

2

x=60,65,...

CDFLE,, = (1- m) L,

60

where n is the length age interval. After estimating the
remaining CDFLE at age 60 years for men and women in 2006
and 2018-2019, we conducted a descriptive analysis of the
evolution of CDFLE and YCDs in relation to life expectancy,
followed by an examination of the gender gap in CDFLE and life
expectancy. Next, we calculated disease-specific contributions to
YCDs. The disease-specific contribution to YCDs was calculated
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Figure 1. Life expectancy, healthy years, and years with chronic diseases at the age of 60 years, among Algerian
elders in 2006 versus 2018-2019
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Analysis based on combined data for chronic diseases data from waves 3 and 6 of the multiple indicator cluster survey (MICS) and mortality data from Algeria’s official
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Figure 2. The gender gap in life expectancy and chronic disease-free life expectancy at the age of 60 years,
among Algerian elders
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using the cause-deleted health expectancy approach?®. It is
defined as the gain that could be obtained in CDFLE if a given
disease is completely eradicated. To assess the contribution of
a specific disease to the YCDs, we exclude the cases that were
reported to have the disease from the calculation of 7 _and re-
estimate the CDFLE, which we termed CDFLE(d), where d refers
to a specific type of chronic disease. The difference between
CDFLE(d) and CDFLE is imputed to disease d. The sum of the
contributions of the various chronic diseases should equal the

difference between life expectancy and CDFLE, or simply the
total YCDs. We must point out that our analysis only considers
the first reported disease, therefore comorbidity was not taken
into account. Finally, we examined the trend of absolute and
relative disease-specific contributions to YCDs from 2006 to
2018-2019, as well as by sex.

RESULTS

Our analyses indicate that Algerians’ life expectancy at birth

Figure 3. Disease-specific contribution to years with chronic diseases at the age of 60 years and older, among

Algerian elders
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The upper subplot shows the disease-specific contributions in absolute values for men and women in 2006 and
2018-2019 while the lower subplot shows disease-specific contributions as a proportion of total YCDs.
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increased from 53.6 years in 1970 to 77.7 years in 20187,
Even though the decrease in mortality rates at high ages
was less significant than at lower ages, the remaining life
expectancy at 60 years increased from 22.0 years in 2006 to
229 years in 2018-2019.

In contrast to the rise in life expectancy at 60 years, which
increased from 21.5 to 22.7 years for men and from 22.5 to
23.1 years for women between 2006 and 2018-2019, the
corresponding CDFLE declined from 12.1 to 10.5 years for
men and 8.8 to 6.8 years for women during the same period.
Otherwise, men aged 60 years in 2006 were expected to
spend 56% of their remaining life years free of chronic
diseases, compared to 39% for women. In 2018-2019,
the proportion of years without chronic diseases among
Algerians aged 60 years dropped to 46% for men and 29%
for women. Figure 1 shows the evolution of life expectancy
and CDFLE for Algerian men and women aged 60 years old
in 2006 and 2018-2019.

With regard to the gender gap in survival and health,
women typically outlive men, with the gender gap in life
expectancy at birth ranging between one and two years
in Algeria from 2000 to present, according to national
statistics?’. The gap in life expectancy at age 60 years
narrowed marginally, from one year in favor of women in
2006 to five months in 2018-2019. When comparing CDFLEs
of men and women, the advantage women have in terms of
life expectancy is reversed. Figure 2 shows that men lived 3.3
years longer without chronic disease than women in 2006.
This difference widened to 3.7 years in 2018-2019. Women
aged 60 years are expected to live with chronic diseases for
more than four years longer than men.

Assessing which diseases contribute the most to the years
with chronic diseases, we note that hypertension is the
leading cause of YCDs among the elderly in Algeria. In 2006,
hypertension contributed 49.4% and 58%, respectively, for
men and women; in 2018-2019, it had marginally decreased
to 46.9% and 53.6%, respectively (Figure 3). Women lost 8.8
healthy years in 2018-2019 due to hypertension, compared
to 7.9 healthy years in 2006. Men were less affected than
women, with 4.7 and 5.7 lost healthy years in 2006 and
2018-2019, respectively.

Diabetes is the second leading cause of YCDs; however,
its prevalence has increased dramatically between 2006
and 2018-2019. Diabetes-related contributions have nearly
doubled throughout the indicated period, increasing from
1.4 to 3.2 years for men and 1.6 to 3.7 years for women. In
2006, diabetes accounted for 15.2% of all YCDs in men and
11.8% in women. In 2018-2019, these proportions increased
to 26.4% for men and 22.4% for women.

Contrary to diabetes, joint diseases, the third largest cause
of YCDs, contribute less and less over time. Between 2006
and 2018-2019, the contribution of joint diseases in men
decreased from 10.1% to 2.6%, and in women from 14.8%
to 6.1%. In 2006, men and women lost one and two healthy
years, respectively, due to joint diseases. In 2018-2019, men
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and women lost 0.3 and one year, respectively. Cardiovascular
and respiratory diseases, on the other hand, accounted
together for 15.7% and 9.8% of YCDs in men and women,
respectively, in 2006, and remained at comparable levels
in 2018-2019, at 14.3% and 10.2% for men and women,
respectively.

DISCUSSION

The observed trend in chronic disease-free life expectancy
at age 60 years in Algeria from 2006 to 2018-2019 shows
a drop in healthy years and a rise in the number of years
with chronic diseases for both men and women. In 2006,
men aged 60 years were expected to spend 44% of their
remaining life years with a chronic condition, compared to
61% for their female counterparts. Because of the huge rise
in chronic disease prevalence, these numbers grew to 54%
and 71% for men and women in 2018-2019, respectively.
Such a situation is more likely to correspond to a ‘absolute
morbidity expansion, which indicates that the gained years
in life expectancy are more likely to be spent with chronic
diseases, resulting in an increase in unhealthy life years both
in absolute terms and as a percentage of life expectancy?®.
Similar evolution patterns were observed in many countries
around the world?’, with the impact being attributed
to advances in medicine and healthcare systems, which
helped to reduce the fatal effects of chronic diseases and
allowed people to live longer in illness®® without necessarily
postponing the disease’s onset age!**.. However, in our case,
the situation is even worse, with the number of years spent
with chronic diseases increasing while the number of healthy
years decreasing. Despite the possibility that advances in
disease screening from 2006 to 2018-2019 influenced
the evolution of CDFLE and that the prevalence of chronic
diseases was under-reported in 2006 compared to 2018-
2019, the huge increase in YCDs prompts the search for
alternative explanations. As in various countries, unhealthy
diets and lack of physical activity are the key causes of the
rise in chronic illness prevalence3®.

Another element that needs to be considered when
reading our results is the intensity of morbidity expansion
depends on the adopted definition of ‘morbidity’. In other
words, it is less likely to observe a morbidity expansion when
disability is considered compared to when chronic diseases
- independently of their disabling effect - are considered®?.
In our case, morbidity expansion might be less strong if
we considered disability-free life expectancy as a health
indicator instead of CDFLE.

On the other hand, our findings add to the evidence for the
‘female survival-health paradox’, which argues that women
live longer but less healthy lives than men3*3*. Although
Algerian women outlive men, their chronic disease-free life
expectancy at the age of 60 years is more than three years
shorter. This paradox can be explained by women having a
higher exposure to chronic disease risk factors than men,
as well as the fact that men are more likely to develop life-
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threatening diseases such as cancer and cardiovascular
disease, while women are exposed to less life-threatening
diseases such as joint disease and diabetes®.

When it comes to the diseases contributing the most to the
YCDs in the population of elderly in Algeria, it turns out that
hypertension and diabetes are the leading causes of YCDs
in Algeria’s older population, accounting for around two-
thirds in 2006 and three-quarters in 2018-2019. Despite
the fact that hypertension contributes more, the contribution
of diabetes has increased dramatically from 2006 to 2018-
2019. As a result, an effective strategy for improving the
health of Algeria’s elderly and increasing their life years
without chronic diseases must prioritize hypertension and
diabetes. In other words, hypertension and diabetes should
be emphasized for prevention and treatment in Algeria’s
elderly population to help them live longer, disease-free lives
while lowering public health and social security expenses.

Strengths and limitations

The findings of this research are intended to contribute
to the body of literature on the health of the elderly in
Algeria. The study gives the first survey-based estimates of
chronic disease-free life expectancy among Algeria’s elderly
population, as well as an analysis of its recent evolution. It
also shed light on the most contributing chronic diseases to
YCDs. Despite this, the findings presented here should be
regarded with caution due to significant study limitations,
primarily data availability and survey design. First, the
data used are from a self-reported health survey, which
may exclude some prevalent cases that have not yet been
diagnosed, resulting in an underestimation of chronic disease
prevalence. Second, the survey did not include older persons
who live in institutions. Third, comorbidity is not considered
in this study, and only the first declared disease was
considered. This may not have an impact on the estimation
of global prevalence rates, but it may have an impact on the
estimation of the disease-specific contributions to YCDs.
Finally, because causes-of-death data are unavailable, this
analysis exclusively evaluated chronic diseases’ contributions
to YCDs, not their effects on years of life lost due to chronic
diseases.

CONCLUSIONS

This study revealed that life expectancy free of chronic
disease decreased in Algeria’s old population over the last
two decades, whereas life expectancy at the age of 60 years
increased slightly. Such a ‘morbidity expansion’ increases the
number of years that the Algerian old population is likely
to spend with a chronic condition, both as a percentage of
life expectancy and in absolute terms. Such an evolution may
potentially result in rising healthcare and social security
costs for the elderly in the future years, for which social
and healthcare policies must be reshaped to accommodate
such an evolution. These expectations indicate that it may
be important to set up preventive health policies that target
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the risk factors that contribute to chronic illness prevalence,
as well as curative programs that lessen their disabling
consequences. In this regard, hypertension and diabetes,
which are the leading causes of YCDs in our context, deserve
more attention.
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