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Appendix 2. Methodological supplement 
 

1. Official projection of the population pyramids and of life expectancy up to 2100 

 
IHME forecasting and life expectancy estimates are created by modeling the future population 
in reference and alternative scenarios. These are modeled as functions of fertility, migration, 
and mortality rates. First, statistical models were developed for completed cohort fertility at 50 
years old (CC50). This indicator is used because it is more stable over time compared to the total 
fertility rate. CCF50 was then modelled as a time-series random walk function taking into 
account educational attainment as well as contraceptive met need. CC50 and covariates were 
then used to model age-specific fertility rates up to the year 2100. IHME considered underlying 
mortality, a risk factor scalar, and an autoregressive integrated moving average (ARIMA) model. 
Second, IHME modelled net migration as a function of the Socio-demographic Index, crude 
population growth rate, and deaths from war and natural disasters using the ARIMA model. 
IHME then developed a reference scenario and alternative scenarios based on contraceptive 
met need, educational attainment, and Spain’s estimated gross domestic product. Past data 
inputs, model estimation, and forecast data distributions were used to develop forecast 
uncertainty intervals (UIs).  Detailed techniques for forecasting methods are published 
elsewhere.1  

 

2.  Population, fertility, mortality, and migration estimates  
 
Data used to produce demographic assessments of the key indicators of fertility, mortality, 
migration, and population in Spain are derived from the following sources:  

o Vital registration data: live births and deaths, 1950– 2017  
o Spain Population and Housing census data, INE: 1950–2017 
o Spain deaths by cause, age, month, and sex, INE: 1980–2017 
o UN Demographic Yearbook 1997–2017 

 
All 2,360 original data records for Spain are available for download at: 
http://ghdx.healthdata.org/geography/spain.  

These data sources are synthesized and corrected for known biases using the GBD 
spatiotemporal Gaussian process regression (ST-GPR). ST-GPR then generates age-specific 
fertility rates for 5-year age groups between ages 15 and 49 years. This was extended to 
estimate age-specific mortality for groups 10-14 and 50-54, which was then aggregated to 
create the total fertility rate from 10 and 54. ST-GPR also estimates adult mortality as the 
probability of death between ages 15 and 60 years based on vital registration, sample 
registration, and sibling histories. 1000 draw-level estimates were produced by the demographic 
estimation processes to estimate uncertainty.  

Using a relational model life table system, IHME estimated HIV-free life tables using estimates of 
under-5 and adult mortality rates. A Bayesian hierarchical cohort component model analyzing 
estimated age-specific fertility and mortality rates were used to estimate annual and single-year 
age estimates of net migration and population. 1000 draw-level estimates were produced by the 
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demographic estimation processes to estimate uncertainty. Detailed methods are described 
elsewhere.2  

 
3. SDG indicators and projections to 2030 

 
GBD constructs national-level estimates for 41 health-related sustainable development goal 
(SDG) indicators from 1997-2017. For certain health-related SDGs, GBD also measures 
differences by sex and socio-demographic index quintile. The health-related SDG index is based 
on the value of each indicator, up to 100. For this, the value for each indicator was transformed 
on a scale of 0-100. In this scale, 0 indicates the 2.5th percentile and 100 indicates the 97.5th 
percentile of 1000 draws calculated from 1990 to 2030. Future estimates were developed 
through a forecasting framework based on the broader GBD study. This forecasting framework 
also used weighted averages of indicator-specific and country-specific annualized rates for 
change from 1990 to 2017. To assess the attainment of indicators, IHME first used mean values 
projected for 2030 and then used the probability of attainment in 2030, which was calculated 
from 1000 draws. IHME analyzed past trends to do a global attainment analysis on the feasibility 
of attaining SDG targets. The global annualized rates of change to meet SDG targets from 2015 
to 2030 were calculated using 2015 averages of indicators with defined targets. Within the 
distribution of country-level rates of change from 1990-2015, IHME identified the percentile of 
the required global annualized rates of change. The past rate of change at the mean of these 
global percentile values across indicators was applied to all health-related SDG indicators. This 
was then used to estimate 2030 global average value and percent change over time for each 
indicator. New indicators added from GBD 2016 include health worker density, sexual violence 
by non-intimate partners, population census status, and prevalence of physical and sexual 
violence (reported separately). Detailed methods on SDG forecasting are available elsewhere.3  

 

4. Mortality data  
 
The Cause of Death Ensemble model and spatiotemporal Gaussian process regression were used 
to calculate cause-specific death rates and cause fractions. To match the total all-cause deaths 
calculated as part of the GBD population, fertility, and mortality estimates (see section 2 above), 
IHME adjusted cause-specific deaths. To calculate YLLs, deaths were multiplied by standard life 
expectancy at each age. To make sure there was consistency between incidence, prevalence, 
remission, excess mortality, and cause-specific mortality for most causes IHME used DisMod-MR 
2.1, a Bayesian meta-regression modelling tool. To calculate YLDs, prevalence estimates were 
multiplied by disability weights for mutually exclusive sequelae of diseases and injuries.  
 
Results were considered in the context of the Socio-demographic Index (SDI). The SDI is a 
composite indicator including income, education, and fertility rate in women younger than 25 
years. For each metric, IHME developed uncertainty intervals using the 25th and 975th ordered 
1000 draw values of the posterior distribution. IHME does not have estimates for 37 years of 
cause of death data by cause, sex, and age for Spain by the 16 regions. This is because Spain is 
not one of the locations for which subnational GBD data are produced.   
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GBD uses vital registration with medical certification of cause of death for cause of death 
analysis. The GBD cause of death list includes cause of death data obtained using various 
revisions of the International Classification of Diseases and Injuries (ICD). Deaths that could not 
be the underlying cause of death (e.g. cardiopulmonary failure) or were inadequately specified 
(e.g. injury from undetermined intent were reassigned to the most probable underlying causes 
of death. Deaths were redistributed based on evidence from published studies or expert 
judgment, or statistical algorithms.4 Detailed methods for mortality data are published 
elsewhere.5 

 
 
  



6 
 

References 
 
1     Vollset SE, Goren E, Yuan CW, et al. Fertility, mortality, migration, and population scenarios for 

195 countries and territories from 2017 to 2100: a forecasting analysis for the Global Burden of 
Disease Study. Lancet 2020;396(10258):1285–306.  

2     Abbafati C, Machado DB, Cislaghi B, et al. Global age-sex-specific fertility, mortality, healthy life 
expectancy (HALE), and population estimates in 204 countries and territories, 1950–2019: a 
comprehensive demographic analysis for the Global Burden of Disease Study 2019. Lancet 
2020;396(10258):1160–203.  

3     Lozano R, Fullman N, Abate D, et al. Measuring progress from 1990 to 2017 and projecting 
attainment to 2030 of the health-related Sustainable Development Goals for 195 countries and 
territories: a systematic analysis for the Global Burden of Disease Study 2017. Lancet 
2018;392(10159):2091–138.  

4     Institute for Health Metrics and Evaluation. Determining causes of death: How we reclassify 
miscoded deaths [Internet]. 2018 [cited 2020 Mar 25]. Available from: 
http://www.healthdata.org/acting-data/determining-causes-death-how-we-reclassify-miscoded-
deaths 

5     Abbafati C, Abbas KM, Abbasi-Kangevari M, et al. Global burden of 369 diseases and injuries in 
204 countries and territories, 1990–2019: a systematic analysis for the Global Burden of Disease 
Study 2019. Lancet 2020;396(10258):1204–22.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7 
 

Supp Figure 1. Age and sex pyramid of the Spanish population (millions) in: a) 2019; and b) 2030 
a) 
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b)    
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Supp Figure 2. Life expectancy in Spain from 1990–2019 
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Supp Figure 3. Changes in the rank of the causes of death (rate per 100,000) from 1990–2019 
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Supp Figure 4. Changes in the rank of the causes of years lived with disability (YLDs) (rate per 100,000) 
from 1990–2019 
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Supp Figure 5. Changes in the rank of causes of disability-adjusted life years (DALYs; rate per 100,000) 
from 2010–2019 
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Supp Figure 6. Ranking in the causes of disability-adjusted life years (DALYs; rate per 100,000) in 2019 in: 
a) males; and b) females 

a)  
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b)  
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Supp Figure 7. Ranking in the causes of disability-adjusted life years (DALYs; rate per 100,000) in all ages 
in 2019 in: a) Spain; b) high-income countries; and c) the world 

a)  
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b)  
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c)  
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Supp Figure 8. Changes in the rank of the causes of years of life lost (YLLs) (rate per 100,000) from 1990 
to 2019 
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Supp Figure 9. Ranking in the causes of years of life lost (YLLs; rate per 100,000) in 2019 in: a) males; and 
b) female 

a)  
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b)  
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Supp Figure 10. Changes in the rank of risk factors for years lived with disability (YLDs; rate per 100,000) 
from 2010–2019 
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Supp Figure 11. Changes in the rank of risk factors for years lived with disability (YLDs; rate per 100,000) 
in 2019 in: a) males; and b) females 
a) 

 
b) 

 
 
 
 
 
 
 


