
Supplemental methods 

 

Statistical analysis 

Decomposition analysis:  

The decomposition analysis is an analytic approach to identify the additive contribution of the effect of the differences 

in factors in 2 populations (such as population in 1990 and population in 2019) to the difference in their overall value. 

The decomposition of nrCAVD DALY by the different causes allows the quantification of the contribution of each cause 

to the overall nrCAVD DALY. We first used the decomposition methodology of Das Gupta [1-3] to decompose nrCAVD 

DALYs by population age structure, population growth, and epidemiologic changes (DALYs rate). The number of 

DALYs at each location was obtained from the following formula: DALY ay, py, ey = ∑ (ଶ଴௜ୀଵ a i, y * p y * e i, y) where 

DALY ay, py, ey represented DALYs based on the factors of age structure, population, and DALYs rate for specific year y; 

a i y represents the proportion of population for the age category i of the 20 age categories in given year y; p y represents 

the total population in given year y; and e i, y represents DALYs rate given age category i in year y. The contribution of 

each factor to the change in DALYs from 1990 to 2019 was defined by the effect of one factor changing while the other 

factors were held constant. For example, the effect of age structure was calculated as:  

[(DALY a2019, p1990, e1990 + DALY a2019, p2019, e2019)/3+ (DALY a2019, p1990, e2019 + DALY a2019, p2019, e1990)/6] - [(DALY a1990, p2019, 

e2019 + DALY a1990, p1990, e1990)/3+ (DALY a1990, p2019, e1990 + DALY a1990, p1990, e2019)/6] 

 

Frontier analysis 

In order to evaluate the relationship between burden of nrCAVD and socio-demographic development, we applied a 

frontier analysis as a quantitative methodology to identify the lowest potentially achievable age-standardized DALYs 

rate on the basis of development status as measured by the Socio-demographic Index (SDI).  

In this method, data envelopment analysis (DEA) would be used for frontier analysis. DEA is a non-parametric type 



of frontier analysis. DEA methods do not require a functional form for the relationship between variables, as SFA does. 

The frontier is produced from a deterministic algorithm. The figure below shows examples of DEA frontiers using 

various algorithms: FDH, VRS.  

 

FDH, free disposability hull; VRS, variable returns to scale; DRS, decreasing returns to scale; IRS, increasing returns 

to scale; CRS, constant returns to scale; FRH, free disposability and replicability hull. 

We chose to use the FDH option for this analysis. In contrast to the commonly-used “variable returns to scale” option, 

FDH relaxes the requirement that the frontier be convex. This is an important property, because the frontier in our data 

appears convex in some places and concave in others. 



In general, the main limitation of DEA methods is that they assume a lack of stochastic variation [4]. That assumption 

does not hold for this analysis, which is based upon population-level metrics that inherently have a degree of 

measurement error. To incorporate stochastic variation into the frontier, we used 1,000 bootstrapped samples of the data. 

Each bootstrap includes a subset of locations produced by randomly sampling with replacement from all countries in the 

Global Burden of Disease study. This accounts for autocorrelation of locations over time.  

In each bootstrapped samples, the following procedure was performed: we firstly remove one data point at a time to 

generate a DEA and identify if the removed point is a superefficient point (outlier). Then put the data point back, 

remove the second data point to generate DEA and examine if it is the superefficient point (outlier). In this method, 

superefficient point is defined as the unit whose number of age-standardized DALY rate less than frontier line at each 

SDI value calculated after removing the unit. After all the points are examined and removed all superefficient points 

(outliers), we then generate the frontier using DEA with FDH algorithm. We repeat this step for 1000 iteration 

bootstrapping and mean nrCAVD DALYs frontier at each SDI value from the bootstrapped samples was computed for 

each country at each year. Finally, LOESS regression with local polynomial degree of 1 and span of 0.2 was then 

developed to generate a smoothed frontier [5, 6]. To understand the relationship of age-standardized nrCAVD DALYs 

rates vis-à-vis the frontier in 2019, we calculated the effective difference (the absolute distance from the frontier) using 

2019 SDI and age-standardized nrCAVD DALYs rate data point for each country or territory. Countries or territories 

with lower DALYs than the frontiers were assigned a zero distance. 
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