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Abstract  

This study aims to highlight recent trends in older adult mortality in sub-Saharan African 

countries looking at the patterns of modal age at death in late life (M), which is considered 

as a specific indicator of longevity. Using secondary 5-year aggregated information about 

child (5q0) and adult mortality (45q15) from the United Nations World Population Prospects, 

the analysis will cover forty-four countries from 1990 to 2014. Using indirect model life table 

systems indexed by child and adult mortality, the first objective of this paper is to know 

whether M has changed in the recent decades in these countries. The second objective seeks 

to know whether M is shifting and compressing as in developed countries.   
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Introduction 

In mortality studies, the modal age at death in late life appears to be a relevant indicator for 

studying longevity. Defined as the age at which the maximum number of old-age deaths 

occured in a synthetic cohort of individuals experiencing similar mortality conditions, this 

indicator is less sensitive to any improvement on the health of children and young adults 

compared to life expectancy at birth or median age at death (Canudas-Romo, 2008, 2010; 

Horiuchi, Ouellette, Cheung, & Robine, 2013; Ouellette, Robine, Bourbeau, & Desjardins, 

2012). In developed world characterized by aging populations, many studies are devoted to 

the analysis of this indicator and its evolution over time and space (Canudas-Romo, 2008, 

2010; Diaconu, Ouellette, Camarda, & Bourbeau, 2016; Missov, Lenart, Nemeth, Canudas-

Romo, & Vaupel, 2015; Ouellette & Bourbeau, 2011; Ouellette, Bourbeau, & Camarda, 

2013). As for traditional analysis on older adult mortality, research on M are also virtually 

non-existent in sub-Saharan Africa. The purpose of this work is to improve the state of 

knowledge about mortality of the elderly in this region of the world.  
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Infectious diseases are almost endemic in sub-Saharan countries and affect all segments of 

the population, including the elderly. (Hontelez et al., 2011; Negin & Cumming, 2010; 

Wallrauch, Bärnighausen, & Newell, 2010). In combination with age-related alterations and 

the high risks of developing chronic diseases, these older people faced a double burden of 

diseases that could have an effect on their longevity. However, poor vital statistics 

registration and poor data quality, particularly at older ages, make it difficult to estimate 

mortality and related indicators. Since the 1950s, the emergence of indirect systems for 

generating life tables aimed to address this issue (Hu & Yu, 2014). However, these 

approaches had many limitations, including the non-representativity of the sample of life 

tables used to build them, their inability to take into account the effect of devastating 

epidemics such as HIV on the structure of age-specific mortality, together with their unique 

parametric nature and their little flexibility (Murray, Ahmad, Lopez, & Salomon, 2000).  

Recently, indirect systems for modeling life tables from at least two parameters have been 

developed (Murray et al., 2003; Sharrow, Clark, & Raftery, 2014; Wilmoth, Zureick, Canudas-

Romo, Inoue, & Sawyer, 2012). These models offer a window to improve the quality of the 

estimated life tables and an opportunity to study M in sub-Saharan african countries.  

This study aims to highlight recent trends in older adult mortality in sub-Saharan African 

countries looking at the patterns of modal age at death in late life (M), which is considered 

as a specific indicator of longevity. Specifically, two main research questions underlies this 

paper. The first is to know the ages at which older adult deaths are concentrated over time 

in sub-Saharan African countries. The second question seeks to know whether sub-Saharan 

African countries behave differently in terms of mortality at older ages compared to 

developed countries.  

 

Data  

In the absence complete vital statistic systems in the region, we are using secondary 

information that are produced, well-established and documented by the United Nations and 

other international agencies. Three major information were needed to derive full abridged 

life tables for the purpose of this study. The first is the level of child mortality (5q0), the level 

of adult mortality (45q15) and the HIV prevalence for each period concerned. The child 

mortality is generally underestimated in censuses (Masquelier et al., 2016; Merdad, Hill, & 

Levin, 2016). Even in surveys, it is the case, but the estimates from demographic and health 

surveys (DHS) seems to be more accurate than other surveys. To overcome this issue of 

underestimation and to be more confident in the inputs used, we used the United Nations 

Inter-agency Group of child Mortality Estimation (UN-IGME). These estimates were 

generated using a bayesian B-splines bias adjusted model with all the available data sources 

starting with the most recent data first, eliminating data sources with important non-

sampling errors or omissions and taking into account populations severely affected by HIV 

and AIDS (United Nations Inter-agency Group for Child Mortality (UN IGME), 2017). As such, 
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the child mortality information from the UN Inter-agency group seems to be more reliable. 

The UN IGME has not yet extended its work to adult mortality. But information on it are 

available from the current United Nations World Population Prospects. They are drawn from 

different sources of information available for each country. Different methods well 

documented in the literature are then used to adjust them and estimates the levels and 

trends. The HIV information are collected for each country and corresponding period in the 

UNAIDS online database. Table 1 below provides a summary of the countries considered. 

 

Table 1 : list of african countries considered in this study 

Region Countries Number 

Eastern Burundi, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, 

Mozambique, Malawi, Rwanda, Somalia, South Sudan, United 

Republic of Tanzania, Zambia, Zimbabwe, Uganda 

15 

Middle Angola, Central African Republic, Cameroon, Democratic Republic of 
the Congo, Congo, Gabon, Equatorial Guinea, Chad 

08 

Southern Botswana, Lesotho, Namibia, Eswatini, South Africa 05 

Western Benin, Burkina Faso, Côte d'Ivoire, Cabo Verde, Ghana, Guinea, 

Gambia, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, 

Senegal, Sierra Leone, Togo 

16 

Source: summary of the authors   

 

Methods 

As stated by Clark (2016), the log-quadratic model (Wilmoth et al., 2012) is the state of the 

art mortality model relating child and adult mortality to generate age-specific pattern of 

mortality. This model used a singular value decomposition (SVD) as components for the 

regression of residuals by exploiting the curvilinear relationship between child mortality and 

older age mortality. Rather than using SVD factorization like components to model residuals 

or building the model on a particular functional form, the Sharrow-Clark age-specific model 

used SVD to factorize observed log mortality (Sharrow et al., 2014). The model allows taking 

into account covariates such as the region (African or non-African countries), the sex, HIV 

prevalence and adult mortality in a way to be possible to combine either life expectancy at 

birth or child mortality to the previous covariates. But, considering only HIV prevalence in a 

context of free access to antiretroviral treatments (ART) raises questions. Following on the 

work about this type of model, Clark proposed a more general SVD component model that 

attempts to minimize estimation errors when compared to the log-quadratic model, mainly 

at older ages (Clark, 2019). Given the difficulty of obtaining information on the prevalence by 

country and period of infected persons who are not using ART, the latter model does not 

take HIV into account as for the log-quadratic model. This could create distortions in the age 

distribution of mortality rates and by extension in the distribution of deaths for countries 
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severely affected by HIV. However, these distortions would be less significant beyond the 

age of 50 as tested with South Africa (Clark, 2019).  In this work, we are testing the three 

modelling approaches. 

Based on the fact that the estimated modal age at death �̂� is the maximum of life table 

deaths distribution at older ages, and assuming these deaths to follow a poisson distribution, 

the package MortalitySmooth (Camarda, 2012) is used as a non-parametric P-splines 

approach to refine ages at death with decimal-point precision and smooth the mortality 

curve. Insofar life tables are not derived directly from raw data, we used the functions 𝑑𝑛 𝑥 

and 𝐿𝑛 𝑥 of the estimated life tables as proxy of observed death counts and person-years 

lived to smooth forces of mortality and estimate M. We only consider the mode above age 

50.  

 

Expected findings 

As expected, it is noted that the modal age at death beyond 50 years is generally higher for 

females regardless of the model used. However, against all expectations, the levels 

estimated with the Sharrow-Clark model calibrated with HIV are higher than the others. This 

could be explained by the fact that HIV prevalence alone is not sufficient to take into account 

the effect of HIV in the model. When trends for Middle and Western African countries are 

examined, they are almost identical as these regions have not been significantly affected by 

the HIV health crisis, although the effect is slightly felt with troughs in the mid-2000s in log-

quadratic and SVDComp models in particular. 
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For Eastern and Southern African countries, trends are quite different with significant lows 

corresponding to periods when HIV was devastating populations and not under control. HIV 

was so high in some countries in these regions that the distribution of deaths was 

sometimes unimodal and monotonic with a concentration of adult deaths before age 50, 

leading thus to a value of 50 years as the modal age at death from age 50. This explains the 

U-shaped shapes observed in the trends with the HIV and Log-quadratic models, while the 

SVDComp model leads to more undistorted trends that reflect the HIV crisis in these two 

regions. 

 

 

 

The SVD-Comp model seems to better capture the old-age modal age at death, even in 

contexts lacking good vital statistic systems. In general, M has not changed much in recent 

decades. There was even a slowdown and decline in the early 2000s followed by a recovery 

in recent years. Further analyses will address the dispersion of the age at death distribution 

above M in order to check the shifting and compression hypothesis.  

  



 
6 

References 

Camarda, C. G. (2012). MortalitySmooth: An R package for smoothing Poisson counts with P-splines. 

Journal of Statistical Software, 50(1), 1–24. 

Canudas-Romo, V. (2008). The modal age at death and the shifting mortality hypothesis. 

Demographic Research, 19, 1179–1204. 

Canudas-Romo, V. (2010). Three measures of longevity: time trends and record values. Demography, 

47(2), 299–312. 

Clark, S. J. (2001). An investigation into the impact of HIV on population dynamics in Africa (PhD 

Thesis). Citeseer. 

Clark, S. J. (2016). A General Age-Specific Mortality Model with An Example Indexed by Child or 

Child/Adult Mortality. arXiv preprint arXiv:1612.01408. 

Clark, S. J. (2019). A General Age-Specific Mortality Model With an Example Indexed by Child 

Mortality or Both Child and Adult Mortality. Demography, 1–29. 

DGISS. (2011). Annuaire série longue de la santé. Ouagadougou: Ministère de la santé du Burkina 

Faso, Direction générale de l’information et des statistiques sanitaires. 

Diaconu, V., Ouellette, N., Camarda, C. G., & Bourbeau, R. (2016). Insight on ‘typical’longevity: An 

analysis of the modal lifespan by leading causes of death in Canada. Demographic Research, 35, 

471–504. 

Hontelez, J. A., Lurie, M. N., Newell, M.-L., Bakker, R., Tanser, F., Bärnighausen, T., … de Vlas, S. J. 

(2011). Ageing with HIV in south africa. AIDS (London, England), 25(13). 

Horiuchi, S., Ouellette, N., Cheung, S. L. K., & Robine, J.-M. (2013). Modal age at death: lifespan 

indicator in the era of longevity extension. Vienna Yearbook of Population Research, 37–69. 

Hu, S., & Yu, C. (2014). The application of model life table systems in China: assessment of system 

bias and error. International journal of environmental research and public health, 11(12), 12514–

12531. 

INSD. (2000). Analyse des résultats du Recensement général de la population et de l’habitation de 

1996. Ouagadougou: Ministère de l’économie et des finances du Burkina Faso, Institut national 

de la statistique et de la démographie. 

Masquelier, B., Ndiaye, C. T., Pison, G., Dieme, N. B., Diouf, I., Helleringer, S., … Delaunay, V. (2016). 

Evaluation des estimations indirectes de mortalité dans trois observatoires de population au 

Sénégal. African Population Studies, 30(1), 2227–2241. 

Merdad, L., Hill, K., & Levin, M. (2016). Data on survival of recent births as a source of child mortality 

estimates in the developing world: An assessment of census data. Population studies, 70(3), 

345–358. 

Missov, T. I., Lenart, A., Nemeth, L., Canudas-Romo, V., & Vaupel, J. W. (2015). The Gompertz force of 

mortality in terms of the modal age at death. Demographic Research. 

Murray, C. J., Ahmad, O. B., Lopez, A. D., & Salomon, J. A. (2000). WHO system of model life tables. 

Global Programme on Evidence for Health Policy Discussion Paper Series, (8). 

Murray, C. J., Ferguson, B. D., Lopez, A. D., Guillot, M., Salomon, J. A., & Ahmad, O. (2003). Modified 

logit life table system: principles, empirical validation, and application. Population Studies, 57(2), 

165–182. 

Negin, J., & Cumming, R. G. (2010). HIV infection in older adults in sub-Saharan Africa: extrapolating 

prevalence from existing data. Bulletin of the World Health Organization, 88, 847–853. 



 
7 

Nicolas, P. (2012). Épidémies de méningite à méningocoques dans la ceinture de la méningite (1995-

2011) et introduction du vaccin méningococcique A conjugué. Médecine et Santé Tropicales, 

22(3), 246–258. 

Ouellette, N., & Bourbeau, R. (2011). Changes in the age-at-death distribution in four low mortality 

countries: A nonparametric approach. Demographic Research, 25, 595–628. 

Ouellette, N., Bourbeau, R., & Camarda, C. G. (2013). Regional disparities in Canadian adult and old-

age mortality: A comparative study based on smoothed mortality ratio surfaces and age at death 

distributions. Canadian studies in Population, 39(3‑4), 79–106. 

Ouellette, N., Robine, J.-M., Bourbeau, R., & Desjardins, B. (2012). La durée de vie la plus commune 

des adultes au XVIIIe siècle: l’expérience des Canadiens-français. Population, 67(4), 683–709. 

Sharrow, D. J., Clark, S. J., & Raftery, A. E. (2014). Modeling age-specific mortality for countries with 

generalized HIV epidemics. PloS one, 9(5), e96447. 

United Nations Inter-agency Group for Child Mortality (UN IGME). (2017). Levels & Trends in Child 

Mortality: Report 2017 (Estimates Developed by the UN Inter-agency Group for Child Mortality 

Estimation). Consulté à l’adresse http://www.childmortality.org/ 

Wallrauch, C., Bärnighausen, T., & Newell, M.-L. (2010). HIV prevalence and incidence in people 50 

years and older in rural South Africa. SAMJ: South African Medical Journal, 100(12), 812–813. 

Wilmoth, J., Zureick, S., Canudas-Romo, V., Inoue, M., & Sawyer, C. (2012). A flexible two-

dimensional mortality model for use in indirect estimation. Population studies, 66(1), 1–28. 

 

 


