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Abstract
Background
Since the Global Burden of Disease study (GBD) has become more comprehensive, data for hundreds of causes of disease burden, measured using Disability Adjusted Life Years (DALYs), have become increasingly available for almost every part of the world. However, undergoing any systematic comparative analysis of the trends can be challenging given the quantity of data that must be presented.

Methods
We use the GBD data to describe trends in cause-specific DALY rates for eight regions. We quantify the extent to which the importance of ‘major’ DALY causes changes relative to ‘minor’ DALY causes over time by decomposing changes in the Gini coefficient into ‘proportionality’ and ‘reranking’ indices.

Results
The fall in regional DALY rates since 1990 has been accompanied by generally positive proportionality indices and reranking indices of negligible magnitude. However, the rate at which DALY rates have been falling has slowed and, at the same time, proportionality indices have tended towards zero. These findings are clearest where the focus is exclusively upon non-communicable diseases. Notably, large and positive proportionality indices are recorded for sub-Saharan Africa over the last decade.

Conclusion
The positive proportionality indices show that disease burden has become less concentrated around the leading causes over time, and this trend has become less prominent as the DALY rate decline has slowed. The recent decline in disease burden in sub-Saharan Africa is disproportionally driven by improvements in DALY rates for HIV/AIDS, as well as for malaria, diarrheal diseases, and lower respiratory infections.
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Introduction
By grouping causes of death as ‘communicable, maternal, neo-natal and nutritional diseases (CMNN)’, ‘non-communicable diseases (NCDs)’, and ‘injuries’, Murray and Lopez [19] summarized findings on causes of death for eight regions of the world using data from the 1990 wave of the GBD study. Although NCDs were generally found to be the leading causes of death worldwide, five of the top ten leading causes of death were the result of CMNN diseases. Both the probability of dying from CMNN diseases and from NCDs was significantly higher in developing regions such as sub-Saharan Africa than in developed regions. Over two decades after this initial study, two NCDs, ischemic heart disease (IHD) and stroke, remain responsible for by far the largest number of global deaths [9]. CMNN diseases, especially pneumonia, neo-natal conditions, and diarrheal diseases, are still important causes of death, particularly in developing regions. However, these broad similarities mask a more complex picture of the varying relative importance of death causes. The importance of some global causes of ‘disease burden’, measured in the GBD using Disability Adjusted Life Years (DALYs)1, has changed substantially. An example which clearly demonstrates this variation is the increase from 18.6 to 29.8% of total DALYs attributable to NCDs in Sub-Saharan Africa between 1990 and 2017 [13]. The declining importance of CMNNs is also visible at the global level (see Fig. 1).
[image: ../images/12963_2021_257_Fig1_HTML.png]
Fig. 1Global DALY rates per 100,000 by broad CoD (causes of disease) burden, 1990–2017


Health trends are continuously monitored and presented by international collaborators (among others, [9–11, 14, 28]), academics and governments (among others, [4, 7, 8, 20, 21, 24, 29, 32]).
However, deriving clear trend data from the GBD study is a challenging task because it requires summarizing data on a particular health metric across 28 possible years, 290 potential classifications of DALY causes for 195 countries and territories, i.e. for over a million data points. Recent publications (e.g. [9–11, 18, 28]) have addressed this problem in one of two ways: (i) by presenting data for all classifications but for only one or two selected years and/or locations, or (ii) by presenting trends over many years but only for selected causes, or very broad definitions of causes (e.g. CMNN diseases, NCDs, injuries). Due to the large number of classifications, the detailed appendices attached to the over 50-page GBD summary papers comprise close to 10,000 pages (e.g. [9]: Supplementary annex 2), and yet are still selective in the presentation of metrics and years.
We use two quantitative measures that summarize (1) whether, over time, the growing or declining overall DALY rates are disproportionally attributable to ‘major’ (e.g. Ischemic heart disease, stroke) or ‘minor’ (e.g. Ebola, osteoarthritis) DALY causes, and (2) whether there are substantial changes in the ranking of diseases in terms of severity. These two measures derive from a decomposition of the Gini coefficient. The Gini was originally developed to measure changes in income inequality and mobility. In this context, the Gini captures the degree to which the disease burden is more or less concentrated among disease causes.
For policymakers, the two measures provide a helpful extension to complement existing trend data on cause-specific DALYs by summarizing a large amount of data that may otherwise be hard to interpret. The first measure broadly informs on the relative importance of disease causes. This analysis over time could therefore form an instrumental part of the process of deciding whether resources should be reallocated in response to the changing relative importance of major or minor causes. Additionally, it is widely accepted that increasing uncertainty should lead to the diversification of risks. Hence, with rising uncertainty on the importance of DALY causes — the recent COVID-19 epidemic is a clear illustration of that — as reflected in the variability of the measures over time, it is wise to spread the allocation of resources across a variety of diseases (through, e.g. R&D expenditures). The summary measures also provide more food for thought on how to reallocate resources strategically (and by how much). For example, the stability in the absolute ranking of diseases may provide suggestive evidence that the prioritization of resources between different disease causes should also remain stable. Discussions on reallocation of attention and resources could be initiated by the WHO and the World Bank, as well as by national governments.
The paper proceeds as follows: the Methods and data section explains the foundations of the Gini coefficient and its decomposition. It also describes the data and outlines how the data analysis is presented. The Results section presents the results of the data analysis. Finally, the Discussion and limitations section addresses the limitations of this study and the Conclusion section concludes.
Methods and data
Gini coefficients
Measures of concentration such as the Gini coefficient have most frequently been used as tools to evaluate the degree of relative income or wealth inequality (e.g. [5, 17, 30]). However, Gini-like measures have also been applied in many other areas, including in health economics (e.g. [6, 25, 27]. In a recent article, Barrenho et al. [2] used data from the GBD to rank causes of DALYs by their respective contributions to the total number of global DALYs. They showed that Gini-like indices (i.e. the concentration index) can be used to estimate whether or not innovation is disproportionately concentrated in more highly ranked causes.
In a similar way, we make use of the rankings of the causes of DALYs, but the aim here is to instead understand to what extent DALY rates are disproportionately concentrated in high- versus low-ranked causes. To illustrate how this can be done, Fig. 2 displays a Lorenz curve which makes use of the global DALY rates for 290 causes of disease (CoD) burden in 2017. The causes are ranked from lowest to highest according to contributions towards the total DALY rate. The horizontal axis in Fig. 1 represents the cumulative share of the total number of disease burden causes, with the lowest ranked cause representing the first point on this axis and each point along the axis representing a more highly ranked cause.
[image: ../images/12963_2021_257_Fig2_HTML.png]
Fig. 22017 Lorenz curve for 290 CoD burden ranked from lowest to highest by contribution to the global DALY rate


The vertical axis shows the cumulative share of the total disease burden resulting from each cause. If all disease causes had equal shares of DALY rates, then the cumulative distribution would simply be a diagonal line, indicating perfect equality. In reality, Fig. 2 shows that in 2017, the 10% lowest ranked (29 out of 290) disease causes account for less than 1% of the total global DALY rate. By contrast, the 10% highest ranked disease burden causes were responsible for over 65% of the total global DALY rate in that year. That, as might be expected, signals a very unequal distribution of the disease burden.
The degree of inequality can be measured by a Gini coefficient defined as twice the area between the equality line and the Lorenz curve. The Gini is bounded between 0 and 1. A value that is close to 1 (0) indicates that the disease burden is more (less) concentrated in the major causes (see Appendix 1 for a mathematical expression of the Gini).
A decomposition of the Gini coefficient
The Gini coefficient provides a fairly simple way to express the extent to which DALY rates are more or less concentrated in certain causes. It can also measure changes over time as a difference in Ginis (∆G) but the most interesting information can be obtained from decomposing this change into two parts. Jenkins and van Kerm [15] proposed to decompose the change in a Gini coefficient into a ‘Reranking’ and a ‘Proportionality’ component. Letting the subscripts 0 and 1 denote an earlier and later point in time, respectively, the decomposition of the change in the Gini can be shown to equal:
[image: $$ \Delta  G\equiv {G}_1-{G}_0\equiv R-P, $$]

 (1)


where,
[image: $$ R={G}_1-{G}_1^{(0)} $$]

 (2)


[image: $$ P={G}_0-{G}_1^{(0)}. $$]

 (3)



G0 and G1 are the Gini coefficients in year 0 and year 1, respectively, and [image: $$ {G}_1^{(0)} $$] is the coefficient for year 1 DALY rates calculated according to year 0 ranks (this is then a concentration rather than a Gini index because the ranking variable is different from the quantity of interest). R is the change in the Gini coefficient that can be attributed to ‘reranking’ and P is the change in the Gini coefficient that can be attributed to ‘proportionality’.2 The proportionality index, P, can be defined as the change in the Gini coefficient that would have occurred if rankings had been held constant at their pre-distribution position.3
Figure 3 illustrates this result graphically using the example of 1990 and 2017 global DALY rates. The inward shift of the Lorenz curve over the period shows that global DALY rates have become less concentrated in the leading causes over the period. This can especially be seen at the lower end of the distribution where a higher percentage of DALYs is accounted for by the minor causes. Twice the area between the Lorenz curves for 1990 and 2017 is the change in the Gini coefficient, ∆G. This change can be broken down into two parts. The first is the difference between the Lorenz curve for 1990 DALY rates and the concentration curve for 2017 DALY rates constructed using 1990 DALY rate ranks. This summarizes the ‘proportionality’ of the DALY rate reductions: −P is twice the area between these two curves. One way to interpret this value is that it is the change in Gini coefficient that would have occurred had there been no change in the ranking. The second component is the difference between this concentration curve and the Lorenz curve for 2017, which summarizes the extent of reranking. R is twice the area between these two curves. This value can be interpreted as the change in the Gini coefficient in the most recent period that would occur if the ranking of diseases would have remained the same as the ranking in the earlier period. The figure illustrates that the Gini has fallen in value over the period because P > R.
[image: ../images/12963_2021_257_Fig3_HTML.png]
Fig. 31990 and 2017 Lorenz curve for 290 DALY causes ranked from lowest to highest by contribution to global DALY rate in 1990 and 2017, respectively; 2017 concentration curve for 290 DALY causes ranked from lowest to highest by contribution to global DALY rate in 1990


The interpretation of P depends on whether aggregate DALY rates are growing or declining. Figure 4 illustrates that DALY rates have generally declined over the period 1990–2017. A positive (negative) P value indicates that declines in the DALY rates from the high-ranked — ‘major’ (low-ranked — ‘minor’) — causes are disproportionately responsible for the declining aggregate rates.4 For our example above, a positive P is combined with reduced DALY rates, meaning that the major diseases were disproportionally responsible for the declines of the disease burden.
[image: ../images/12963_2021_257_Fig4_HTML.png]
Fig. 4DALY rates by GBD world region, 1990–2017


Each of the potential interpretations of the sign of the proportionality index are summarized in Table 1. Because DALY rates have generally been in decline, these interpretations are indicated in bold. In addition to interpreting the sign associated with the proportionality indices, we refer the interested reader to Appendix 4 for an interpretation of their magnitudes. The practical use of the Gini coefficient and its decomposition lies in the comparison between regions and over time.5Table 1Interpretation of the Jenkins-Van Kerm (JVK) proportionality index


	Aggregate DALY rate
	Sign of proportionality (P) index
	Causes disproportionately responsible for growth/decline

	Growing
	Positive
	Low-ranked

	Negative
	High-ranked

	Declining
	Positive
	High-ranked

	Negative
	Low-ranked




The reranking index, R, now gives an indication of the importance of the change in ranks of disease burden causes. It therefore summarizes the ‘mobility’ and stability of disease causes. When diseases do not change ranks over time, the reranking index R equals 0 and it increases when more reranking takes place. To illustrate the interpretation of P, R, and the Gini coefficient, consider the possible reasons for a small change in Gini (concentration of disease burden) over time. First, substantial proportionality (high level of P) can be offset by substantial reranking (a high R). That is, while the major diseases are disproportionally responsible for the decline in disease burden, the concentration of disease burden remains similar if there is substantial reranking over time. Second, a small change in concentration may be caused by both low proportionality and reranking.
Data and presentation
The data used are taken from the 2017 GBD study which is publicly available and can be accessed by the query tool on the Institute for Health Metrics and Evaluation (IHME) website. Annual estimates of DALY burdens are available from 1990 to 2017, for 195 countries and 290 causes of DALYs [12]. 6
To better illustrate our main results in the tables, the analyses are complemented with information for individual diseases obtained from the GBD query tool and GBD Compare. This information is used in the main text to clarify the analyses, but they are not the focus of this paper. In particular, DALY rates are provided alongside the decomposition indices to facilitate the interpretation of the proportionality indices. The number of causes that are used in each decomposition calculation is presented in brackets in each table.
Colour shading indicates the relative size of the P indices. The range of values used to determine the percentile-based colour shading is determined by the P index values presented in each table, so it is not consistent with shading in other tables. All computations were done using age-standardized DALY rates, as is appropriate in order to better account for the differences in age structures across the world and the changing age structures within regions over time [1].7 Moreover, rates rather than crude totals were used to adjust for population changes in the regions over time.
Results
Table 2 shows Gini coefficients, Gini changes and their decompositions presented across the 28 available years of data, for three 9-year periods, across the 7 GBD world regions, and for 290 DALY causes.
Table 2All DALY causes, by GBD world region. Gini coefficients and DALY rates, 1990, 1999, 2008, 2017; 9-year Gini changes and reranking and proportionality indices, 1990–1999, 1999–2008, 2008–2017


[image: ../images/12963_2021_257_Tab2_HTML.png]


Along with DALY rates, Gini coefficients have generally fallen over the period. This is the result of disproportionate drops among the major causes. The table summarizes changes in the relative importance of CoD. We focus here on two regions where rather dramatic changes occurred. First, for the period from 1990 to 1999, Sub-Saharan Africa experienced increases in both overall DALY rates, and in the Gini coefficient. Underlying this are high reranking and negative proportionality indices which are primarily are result of the rapid development of the HIV/AIDS epidemic during this period. HIV/AIDS first overtook malaria, then diarrheal diseases, then lower respiratory infections, and by 1999 it had become the leading cause of DALYs. In sharp contrast to this, the large positive proportionality index for the 2008 to 2017 period signals the steep falls in the HIV/AIDS DALY rate, as well as for malaria, diarrheal diseases, and lower respiratory infections. Secondly, the period 1999 to 2008 shows relatively large-size and positive R and P indices in South East Asia, East Asia, and Oceania, combined with a particularly steep drop in total DALY rates. This is primarily caused by the sharp fall for two of the leading causes of DALYs from 1999: chronic obstructive pulmonary disease and lower respiratory infections. These declines also led to reductions in their rankings which, in turn, led to IHD, intracerebral haemorrhage, and stroke regaining their former places in the rankings.
While the retrospective information on longer-term trends is of interest, for the purpose of aiding policymakers in making investment and resource reallocation decisions, we now adopt a shorter-term view. In Table 3, Gini coefficients, reranking, and proportionality indices are presented for the 2017 and 2007. Alongside these 10-year decompositions, year-on-year proportionality and reranking indices are presented, allowing for a more detailed inspection of the changes occurring in this period.
Table 3All DALY causes, by GBD world region. Gini coefficients and DALY rates, 2007 and 2017; yearly proportionality and reranking indices, 2007/2008–2016/2017; 10-year reranking and proportionality indices, 2007–2017


[image: ../images/12963_2021_257_Tab3_HTML.png]


During this decade, the large decline in HIV/AIDS and, to a lesser extent, in malaria and tuberculosis, is responsible for the observed trends in the proportionality indices for Sub-Saharan Africa. While such trends are less clear for other regions, some outliers are discernible. The 2009/2010 Latin America and Caribbean and the 2007/2008 South East Asia, East Asia, and Oceania proportionality indices correspond to the 2010 Haiti and 2008 Sichuan earthquakes, respectively [23, 31]. The figures are large in magnitude, and italicized, which indicates that there were rises in total DALYs during those years, and that low-ranked causes, especially ‘Exposure to the forces of nature’ were disproportionately responsible for these. This cause also influences the reranking index since it is a major cause in 1 year and a minor cause in all other years.
More generally, regions experienced falls in rates of disease burden (see Fig. 2). Table 3 indicates that these trends correspond to a general reduction in proportionality indices and, in some cases, to negative P indices, especially since 2013. This means that the falls in rates of disease burden in most regions were increasingly due to disproportionate falls among lower ranked causes. Over time, it can be seen that in North Africa and the Middle East, much as in Sub-Saharan Africa, the size of the proportionality index is quite high in several years. This signals that there are substantial changes in the relative importance of diseases. This finding is likely explained by conflict and violence in North Africa and the Middle East.
In Tables 4, 5, and 6 the Gini coefficients and decompositions are presented for the groups of disease burden causes defined by the GBD.8 This method has the advantage of allowing proportionality indices to show whether or not DALY rates are becoming more concentrated in the major causes within a particular group of disease causes. Reranking indices represent the reranking of causes within groups of causes.
Table 4CMNN disease-specific DALY causes, by GBD world region. Gini coefficients and DALY rates, 2007 and 2017; yearly proportionality indices, 2007/2008–2016/2017; 10-year reranking and proportionality indices, 2007–2017


[image: ../images/12963_2021_257_Tab4_HTML.png]

Table 5NCD-specific DALY causes, by GBD world region. Gini coefficients and DALY rates, 2007 and 2017; yearly proportionality indices, 2007/2008–2016/2017; 10-year reranking and proportionality indices, 2007–2017


[image: ../images/12963_2021_257_Tab5_HTML.png]

Table 6Injury-specific DALY causes, by GBD world region. Gini coefficients and DALY rates, 2007 and 2017; yearly proportionality and reranking indices, 2007/2008–2016/2017; 10-year reranking and proportionality indices, 2007–2017


[image: ../images/12963_2021_257_Tab6_HTML.png]


Table 4 presents Gini coefficients, reranking, and proportionality indices for the groups of disease burden causes defined in the GBD as CMNN diseases. While sub-Saharan Africa and S&SE Asia have seen their burden of disease decline because of major CMNN diseases, the opposite is true for other world regions. Especially the high-income and South Asia region experienced relatively large declines in disease burden of minor diseases. The positive proportionality indices and falling DALY rates for the HIV/AIDS and STIs category in sub-Saharan Africa indicate that the cause HIV/AIDS resulting in other diseases fell far more steeply than other causes within that category. The South Asia region shows the second highest CMNN DALY rate after sub-Saharan Africa. The negative proportionality indices for this region within the Neglected tropical diseases and malaria category reflect the rises in DALY rates from dengue fever, which appear to outweigh the reductions in DALY rates from malaria.
Table 5 presents Gini coefficients and reranking and proportionality indices for the groups of causes defined in the GBD as NCDs. When considering NCDs as a whole, progressivity and reranking indices display very low values. Other NCD causes contribute less to the overall DALY rate but, nonetheless, there is a relatively high-magnitude and positive P index for Neoplasms in Central and Eastern Europe. This may signal the steeper drops in lung and stomach cancer DALY rates relative to other cancers. Table 6 presents results for the causes defined as injuries. In contrast to CMNNs and NCDs, no clear trend can be discerned among injuries. Most remarkable are the substantial P indices due to the 2010 Haiti and 2008 Sichuan earthquakes. These also explain the overall P indices but are more pronounced when restricting attention to injuries.
Discussion and limitations
The relevance of our suggested measures is apparent from the results for the period 1999 to 2008. For example, during this period, R and P indices were particularly large in South East Asia, East Asia, and Oceania. However, in spite of these large and important changes, the change in the overall Gini coefficient is almost negligible and does not reveal the underlying changes. Therefore, this example illustrates the usefulness of the decomposition for identifying changes in the relative importance of causes.
Through year-on-year comparisons of proportionality indices, we found that minor diseases are becoming more important in explaining the declining disease burden. It is likely that the decreased rate of reductions in DALY rates due to IHD and the continuing rise in importance of causes such as Alzheimer’s disease, especially in high-income countries, are among the most important contributors to this trend. The relative importance of already high-ranked causes has been rising in recent years because DALY rates for these causes have fallen at a slower rate than for minor causes. This observation could justify more resources being reallocated to the corresponding types of health care interventions. However, the small size of the reranking indices suggests that resources should not be reallocated in a way that allows for the amount of resources allocated to lower ranked causes to overtake that of the higher ranked. At the regional level, the large proportionality indices for Sub-Saharan Africa signal that the relative importance of diseases is quite variable over time. The best way forward for investments and resource allocation seems to be to target multiple CoD burden in order to best mitigate the risks associated with future uncertainty.
Cause-specific analyses suggest that the relative importance between disease causes is rising most for CMNN diseases, which is demonstrated by their indices being generally higher than for NCDs. For most NCDs in most regions, the proportionality indices are either relatively constant, or falling in more recent years. This is likely to reflect the effect of a slowing down in the reduction of IHD disease burden. This is confirmed by the results for the Cardiovascular diseases category.
Our study has limitations. First, while the proportionality index is useful to identify which CoD burdens are changing in importance relative to one another, its value will be close to zero if there are no changes in relative importance. This means that readers should be careful to note that just because the value of the index is low; this does not mean that there are no changes in the aggregate DALY rates, i.e. DALY rates could be rising or falling at the same rates for all causes. It is therefore advisable, as is done in our tables, to view the index in conjunction with changes in aggregate rates. Second, we provide summary measures to interpret extensive amounts of data. Of course, the interpretation of these measures still needs scrutiny of the underlying data to evaluate what is driving the change in these measures to inform policy. Third, there is uncertainty in the GBD estimates, and the GBD provides the 95% confidence intervals. For the purposes of this paper, only the central estimate has been used.
Conclusion
The findings presented here demonstrate the usefulness of the Gini decomposition as a way of summarizing the data on trends for the large number of disease burden causes. It has a major advantage which no current method of summarizing the data manages to overcome: no matter how many of the 290 CoD burden are included in its calculation, it can summarize in a single statistic whether or not the leading CoD burden are rising or falling in importance, and whether any significant reranking is taking place.
For every region of the world, more recent years have witnessed lower — and in some cases negative — values of proportionality indices combined with a general deceleration in the rate of falls in disease burden rates. This finding implies that the rate of decline in the rates of disease burden of the leading causes has slowed relative to that of lower ranked causes.
The condensed nature of the presented data allows readers to more easily discover whether, for particular world regions, countries, or groups of causes, the leading CoD burden are becoming more or less important relative to lower ranked causes. For policymakers, the use of this summary measure could help to decide whether resources need to be reoriented to meet such a challenge.
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Appendix 1
The Gini is equal to one minus twice the area under the Lorenz curve and is formally defined as
[image: $$ G=1-2{\int}_0^1L(s) ds $$]

 (4)



where G is the Gini coefficient and L is the Lorenz curve, which itself is a function of s, the cumulative distribution function of the disease causes [22].

Appendix 2
This appendix provides a short proof for the result seen in Eq. (1), following from Jenkins and van Kerm [15].
Letting G0 and G1 be the Gini coefficients in years 0 and 1, then
[image: $$ \Delta  G={G}_1-{G}_0 $$]




Therefore, using Eq. (4)
[image: $$ {\displaystyle \begin{array}{l}\Delta  G=1-2{\int}_0^1{L}_1(s) ds-\left[1-2{\int}_0^1{L}_0(s) ds\right]\\ {}=2{\int}_0^1{L}_0(s)-{L}_1(s) ds\end{array}} $$]




Let [image: $$ {C}_1^{(0)}(s) $$] be the concentration curve of year 1 ordered according to year 0 ranks. Adding and subtracting from the above equation:
[image: $$ {\displaystyle \begin{array}{l}\Delta  G=2{\int}_0^1{L}_0(s)-{L}_1(s)+{C}_1^{(0)}(s)-{C}_1^{(0)}(s) ds\\ {}=2{\int}_0^1{C}_1^{(0)}(s)-{L}_0(s) ds-2{\int}_0^1{C}_1^{(0)}(s)-{L}_1(s) ds\\ {}=R-P.\end{array}} $$]

 (5)




Appendix 3
By integrating by parts and applying a change of variable, s = F(x), the equations in this paper for the Gini coefficients, their changes over time, and the decomposition of these changes, can be reformulated to demonstrate the roles of the mean DALY rates over all causes, the rankings of the individual causes, and the ‘proportional’ rates (i.e. the proportion of total DALY rates that each individual cause is responsible for). In this way, Eq. (3) can be reformulated to show that [15]
[image: $$ P=2{\iint}_{z_{-}}^{z_{+}}w\left(F\left({x}_0\right)\right)\left[\frac{x_1}{T_1}-\frac{x_0}{T_0}\right]h\left({x}_0,{x}_1\right)d{x}_0d{x}_1 $$]

 (6)



In Eq. (6), xi and Ti represent the DALY rates for each DALY cause in year i, and the total DALY rate in year i. F(.) is the cumulative density function of the DALY causes and h(.) denotes the joint probability density function of the DALY causes in years 0 and 1. z+ and z− show the upper and lower limits of the domain of x0 and x1, so that z+ = F−1(1) and z− = F−1(0).
There are two key points to note about this equation. Firstly, F(x0) is the proportion of DALY causes with a DALY rate less than x0 and can therefore be considered the ranking for each cause. Secondly, the weight w(.) is a decreasing function of F(.). More specifically, w(F(x)) = 2(1 − F(x)) so that lower ranked causes (causes responsible for fewer DALYs) are attributed a higher weight.
In summary, the formula shows that the proportionality index, P, should be thought of as the weighted average of the changes in proportional DALY rates between years 0 and 1 with the weights being determined by the rankings in year 0.
To relate the above equation to the interpretations made in Table 1, it is best to reformulate the above equation as follows:
Let [image: $$ \pi =\frac{T_1-{T}_0}{T_0} $$] be the proportional change in the total DALY rate. Also, let a generalized Kakwani [16]-type index be represented by:
[image: $$ K=2{\iint}_{z_{-}}^{z_{+}}w\left(F\left({x}_0\right)\right)\left[\frac{x_1-{x}_0}{T_1-{T}_0}-\frac{x_0}{T_0}\right]h\left({x}_0,{x}_1\right)d{x}_0d{x}_1 $$]

 (7)



Then,
[image: $$ P=\frac{\pi }{1+\pi }K. $$]

 (8)



To obtain a positive proportionality index: If π > 0, P is positive only if K is also positive. Due to the greater weights allocated to lower ranked causes, growth in DALY rates among these causes must be high relative to higher ranked causes for K to be positive. Conversely, if π < 0, then reductions in DALY rates among the lower ranked causes must be low relative to higher ranked causes for K to be negative.
To obtain a negative proportionality index: If π > 0, P is negative only if K is negative. Due to the greater weights allocated to lower ranked causes, growth in DALY rates among these causes must be low relative to higher ranked causes for K to be negative. Conversely, if π < 0, then reductions in DALY rates among the lower ranked causes must be high relative to higher ranked causes for K to be positive.

Appendix 4
Blackburn [3] proposed the use of a simple formula to interpret Gini changes. The equivalent version of this formula outlined by Van Doorslaer and Koolman [25] is as follows:
[image: $$ k=200\Delta  G $$]

 (9)



For declines in the Gini coefficient, k in Eq. (9) represents the percentage of the average DALY rate that would need to be equally redistributed as a lump sum from above-median to below-median DALY causes for the Gini in year 0 to be reduced to its year 1 level.9 For growth in the Gini coefficient, this redistribution would need to be from below-median to above-median causes.
However, Van Doorslaer and Koolman [25] clarify that the above interpretation only applies if rankings are held constant to their pre-distribution position. Therefore, it follows that if rankings do change over the period of interest then Eq. (9) does not hold. However, given our earlier definition of the progressivity index, the implication is that:
[image: $$ k=200P $$]

 (10)



Therefore, the approach suggested by Blackburn [3] can be used to help interpret the size of progressivity indices.

Appendix 5

Table 7Countries and territories by GBD world region


	SE&E Asia, Oceania
	C&E Europe, C Asia
	High-income
	L America, Caribbean
	N Africa, Middle East
	South Asia
	Sub-Saharan Africa

	Southeast Asia, East Asia, and Oceania
	Central Europe, Eastern Europe, and Central Asia
	High-income
	Latin America and Caribbean
	North Africa and Middle East
	South Asia
	Sub-Saharan Africa

	China
	Armenia
	Brunei
	Antigua and Barbuda
	Algeria
	Bangladesh
	Angola

	North Korea
	Azerbaijan
	Japan
	The Bahamas
	Bahrain
	Bhutan
	C. African Republic

	Taiwan
	Georgia
	South Korea
	Barbados
	Egypt
	India
	Congo

	Cambodia
	Kazakhstan
	Singapore
	Belize
	Iran
	Nepal
	DR Congo

	Indonesia
	Kyrgyzstan
	Australia
	Cuba
	Iraq
	Pakistan
	Equatorial Guinea

	Laos
	Mongolia
	New Zealand
	Dominica
	Jordan
	 	Gabon

	Malaysia
	Tajikistan
	Andorra
	Dominican Republic
	Kuwait
	 	Burundi

	Maldives
	Turkmenistan
	Austria
	Grenada
	Lebanon
	 	Comoros

	Myanmar
	Uzbekistan
	Belgium
	Guyana
	Libya
	 	Djibouti

	Philippines
	Albania
	Cyprus
	Haiti
	Morocco
	 	Eritrea

	Sri Lanka
	Bosnia and Herzegovina
	Denmark
	Jamaica
	Palestine
	 	Ethiopia

	Thailand
	Bulgaria
	Finland
	Saint Lucia
	Oman
	 	Kenya

	Timor-Leste
	Croatia
	France
	St Vincent, Grenadines
	Qatar
	 	Madagascar

	Vietnam
	Czech Republic
	Germany
	Suriname
	Saudi Arabia
	 	Malawi

	Fiji
	Hungary
	Greece
	Trinidad and Tobago
	Syria
	 	Mauritius

	Kiribati
	Macedonia
	Iceland
	Bolivia
	Tunisia
	 	Mozambique

	Marshall Islands
	Montenegro
	Ireland
	Ecuador
	Turkey
	 	Rwanda

	Micronesia
	Poland
	Israel
	Peru
	United Arab Emirates
	 	Seychelles

	Papua New Guinea
	Romania
	Italy
	Colombia
	Yemen
	 	Somalia

	Samoa
	Serbia
	Luxembourg
	Costa Rica
	Afghanistan
	 	Tanzania

	Solomon Islands
	Slovakia
	Malta
	El Salvador
	Sudan
	 	Uganda

	Tonga
	Slovenia
	Netherlands
	Guatemala
	 	 	Zambia

	Vanuatu
	Belarus
	Norway
	Honduras
	 	 	Botswana

	American Samoa
	Estonia
	Portugal
	Mexico
	 	 	Lesotho

	Guam
	Latvia
	Spain
	Nicaragua
	 	 	Namibia

	N. Mariana Islands
	Lithuania
	Sweden
	Panama
	 	 	South Africa

	 	Moldova
	Switzerland
	Venezuela
	 	 	Swaziland

	 	Russian Federation
	UK
	Brazil
	 	 	Zimbabwe

	 	Ukraine
	Argentina
	Paraguay
	 	 	Benin

	 	 	Chile
	Bermuda
	 	 	Burkina Faso

	 	 	Uruguay
	Puerto Rico
	 	 	Cameroon

	 	 	Canada
	Virgin Islands, USA
	 	 	Cape Verde

	 	 	USA
	 	 	 	Chad

	 	 	Greenland
	 	 	 	Cote d’Ivoire

	 	 	 	 	 	 	The Gambia

	 	 	 	 	 	 	Ghana

	 	 	 	 	 	 	Guinea

	 	 	 	 	 	 	Guinea-Bissau

	 	 	 	 	 	 	Liberia

	 	 	 	 	 	 	Mali

	 	 	 	 	 	 	Mauritania

	 	 	 	 	 	 	Niger

	 	 	 	 	 	 	Nigeria

	 	 	 	 	 	 	Sao Tome and Principe

	 	 	 	 	 	 	Senegal

	 	 	 	 	 	 	Sierra Leone

	 	 	 	 	 	 	Togo

	 	 	 	 	 	 	South Sudan





Table 8Causes of DALYs in the GBD
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Italicized causes are classified as DALY causes but not death causes within the GBD
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Footnotes
1DALYs are defined as the sum of years of life lost due to premature death (YLLs) and the years of life lived with a disability (YLDs). See GBD study [10].

 

2See Appendix 3 for a demonstration of this result; P refers to progressivity in Jenkins and Van Kerm, but the term proportionality is more applicable here.

 

3Gini and concentration indices can be estimated with the sgini or conindex commands in the software package Stata. More generally, they can be obtained from convenient covariance or regression approaches. These practical steps are intuitively described in [22], chapter 8.

 

4A mathematical exposition for these interpretations can be found in Appendix 2.

 

5Many papers on income inequality and socioeconomic inequality in health compare Gini coefficients and Concentration Indices between places and over time. See, e.g. Van Ourti et al. [26] for an example.

 

6An overview of countries, world regions, and diseases is provided in Tables 7 and 8 in Appendix 5.

 

7Statistics Canada provides an explanation of age-standardization of mortality rates: https://​www.​statcan.​gc.​ca/​eng/​dai/​btd/​asr.

 

8Where a group contains fewer than 15 death causes, this group is excluded from the tables. The number of causes within a group are shown in brackets within each table.

 

9Here, the ‘average’ death/DALY rate is total death/DALY rate divided by the number of causes. The ‘median’ death/DALY rate is that of the middle-ranked cause.

 



OEBPS/images/12963_2021_257_Article_TeX_IEq3.png





OEBPS/images/12963_2021_257_Article_TeX_IEq2.png
cV
O(s)





OEBPS/images/12963_2021_257_Article_TeX_IEq1.png





OEBPS/images/12963_2021_257_Fig4_HTML.png
100000
90000
80000
70000
60000
50000
40000
30000

DALYs per 100,000 population

20000
10000

1990

—— SE&E Asia, Oceania

—— N Africa, Middle East

1992 1994 1996 1998

—— C&E Europe, C Asia

South Asia

2000

2002 2004 2006 2008

——— High-income

Sub-Saharan Africa

2010 2012 2014 2016

——— L America, Caribbean





OEBPS/images/12963_2021_257_Tab5_HTML.png
9+ 80 70 60 S0 40 30 20 10 0 10 20 30 40 50 60 70 80 90+
Negative P Indices Percentiles Positive P Indices.
2007 2017
2007/ 2008/ 2009/ 2010/ 2011/ 2012/ 2013/ 2014/ 2015/ 2016/ | 2007/
DALY - 08 ) 10 14 15 16 17| oAy .
Rate Rate
AllNCDs
(181)
" . P 0.000 0001 0001 [0001% 0000 = 0000  0.00
S&SE Asia, Oceania 18825 om | g 0000 0000 0000 0000 0000 0000 0000 0000 0000 18561 071
3 0,000
CAE Europe, CAsia 26395 073 | ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 240 071
na o P 0.000 0.000 0.000 0.000 0.000 0.000 0.000
High-income 17,08 067 | ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 leat0 067
} 3 0001 0001 0000 0000
L. America, Caribbean 19,272 0.66 R 0.000 0.000 0.000 0.000 0.000 18,338 0.65
3 0001 0001 0000 | 0000  0.000
N Africa, Middle East 279 o7 | ¢ 0000 0000 0000 o000 0900 21,789 073
) 3 0001 0001
s Asia 8314 on | ¢ 0000 0000 0000 0000 0000 290 072
3 0001
Sub-Saharan Africa 3583 067 | ¢ 000 0000 0000 0000 0000 21,758 067
Neoplasms (40)
3 0000
S&SE Asla, Oceanla 3253 064 | g 0000 0000 0000 0000 0000 0000 0000 0000 0000 3176 068
) 3 0000 0001
CAE Europe, C Asia 3869 060 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 338 059
. 3 0000 0001 0000 0000 0000 0000 0001  0.000
High-income a7 059 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 282 059
e 3 0001 ]
L. America, Caribbean 2667 054 | ¢ 0000 0000 0000 000 0000 0000 o000 o000 0000 251 053
- P 0001 0001  0.001 0.001 0.000 0.001 0.001
N Africa, Middle East 2383 038 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2206 057
) 3 0001 0001  0.000 0,000
§ Asia 2214054 | g 0000 0000 0000 0000 0000 0000 0000 0000 0000 2368 054
3 0000 0000  0.000 0000 0000  0.000
Sub-Saharan Africa 2990 056 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2,852 056
Cardiovascular diseases (17)
P 0000 0000 0000 0000 0000  0.001
S&SE Asia, Oceania 5019 075 4816 076
R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
) 3 0001 0.001 0000 0001
CAE Europe, C Asia 10000077 | ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 M2 076
. 3 0001 0001
High-income 2698 068 | ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2275 0.66
L. America, Caribbean 3,755 071 P 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.000 0.000 3,360 0.70
R 0000 0000 0000 0000 0000 0000 0000 0000 0000
- 3 0.001 0.000 0.000 0.001 0.000 0.000 0000 06017  0.000
N Africa, Middle East 7115 080 | o 0000 0000 0000 0000 0000 0000 0000 0000 0000 6070 080
5 P 0001 0001  0.001 0.001
Shsia 6076 078 | g 0000 0000 0000 0000 0000 0000 0000 0000 0000 L
) 3 0000 0000 0000 0000 0000 0001 0001 0000 0001
Sub-Saharan Africa ssst 073 | o 0000 0000 0000 0000 0000 0000 0000 0000 0000 4729  om
Digestive (16)
) : P 0001 0.000 0001 0002
SESE Asia, Oceania 952 041 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 827 040
3 0001
CAE Europe, C Asia 1795 04z | g 0000 0000 0000 0000 0000 0000 0000 0000 0000 lee7 040
. 3 0.000 0000 0000  0.001
High-income 697 032 | ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 660 032
ot 3 0001 | 0002 0001 0001 0000 0000 0000
L. America, Caribbean 1264 032 | ¢ 0000 0000 0000 0000 0000 0000 0000 0000 0000 169 032
) 3 0001 0001 0001 0001 0000 | 0001  0.000
N Africa, Middla East 11200 048 g 0000 0000 0000 0000 0000 0000 0000 0000 0000 Loz 04
) 3 0001 0001 0001 0000
SAda 1,466 044 R 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 1,306 043
) 3 0001 0001
Sub-Saharan Africa 2204z | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1571 03
Other (37)
S&SE Asia, Oceani 1706 o6 | P o001 1270 063
19 Oceania g - R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 g -
3 Y 0.000 0001
CAE Europe, C Asia 1624 064 | g 0000 0000 0000 0000 0000 0000 0000 0000 0000 1365 oe
3 0002 0002 0001 0001 0001
High-income 7L 060 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1,083 059
o cart 3 0001 0000 0001 0001 0001  0.002
L. America, Caribbean 1,795 067 | ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1631 065
. P 0003 0002 0.002 0.000
N Africa, Middle East 2594 069 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2,078 087
) 3 0001
§Asia 1844 061 | g 0000 0000 0000 0000 0000 0000 0000 0000 0000 L7471 062
. 3 0001 0001 0001 0000 0000 0001 0001 0001 0001
Sub-Saharan Africa 2507 062 | o 0000 0000 0000 0000 0000 0000 0000 0000  0.000 2293 061






OEBPS/images/12963_2021_257_Article_TeX_Equ9.png
k = 200AG





OEBPS/images/12963_2021_257_Tab2_HTML.png
9+ 80 70 60 S50 40 30 20 10 0 10 20 30 40 50
Negative P Indices Percentiles Positive P Indices
1990 1990-1999 1999 1999-2008 2008 2008-2017 2017
[:;L: G AG R P DAY G 4G R P DALY G AG R P DAY G
rate rate rate
SE&E Asia, Oceania 41,075 075 | -0.014 0006 | 0020 | 36023 074 | -0.006 0.030 29335 073 | -0005 0008 | 0013 | 25077 073
C&E Europe, C Asia 37777 077 | 0001 0010 0010 | 40,008 077 | -0.006 0005 0011 | 36487 076 | -0011 0002 0013 | 30,576 0.75
High-income 25564 073 | -0.004 0002 0006 | 23098 073 | 00038 0002 0006 | 21,107 072 | 0002  0.001 20252 073
Latin America, Caribbean | 39,319 073 | -0.014  0.016 33977 072 | -0.008 0006 0014 | 29118 071 | -0.004 0002 0006 | 26895 070
N Africa, Middle East 48724 077 | -0013 0003 41,686 076 | -0.008 0006 0014 | 35190 075 | 0000 0004 0004 | 31,321 075
South Asia 64065 079 | 0021 0012 55327 077 | -0.013 0004 0017 | 46666 075 | -0.007 0005 0012 | 39,718 075
Sub-Saharan Africa 82,766 078 | 0011  0.009 84,635 079 | -0.005 0004 0009 | 70479 079 | -0.040 0003 [10042 | 51,979 075






OEBPS/images/12963_2021_257_Article_TeX_Equ7.png





OEBPS/images/12963_2021_257_Article_TeX_Equ8.png





OEBPS/images/12963_2021_257_Article_TeX_Equ5.png
AG =2 [ Lo(s) = Li(s) + CV(s) - CV(s)ds
=2[,C(s) — Lo(s)ds — 2 [ ,CV(s) — Li(s)ds
=R-P.





OEBPS/images/12963_2021_257_Article_TeX_Equ6.png
P = 2ff w (F (xp)) l— — —] h (xg, x1) dxodx;





OEBPS/images/12963_2021_257_Article_TeX_Equ3.png
P=Go-GY.





OEBPS/images/12963_2021_257_Article_TeX_Equ4.png
1
G:1—2fL(s)ds

0





OEBPS/images/12963_2021_257_Article_TeX_Equ1.png
AGEGI—G()ER—P,





OEBPS/images/12963_2021_257_Tab3_HTML.png
90+ 8 70 60 50 40 30 20 10 10 30 40 60 70 80 90+
Negative P Indices Percentiles Positive P Indices
2007 2017
2007/ 2008/ 2009/ 2010/ 2011/ 2012/ 2013/ 2014/ 2015/ 2016/ 2007/
DALY . 08 09 10 1 12 13 14 15 16 17 || .
Rate Rate
P ooz oo
S&SE Asia, Oceania 29,131 0.73 2:000 - 0001 0.002 _ 0:000) 0:00L 0:002 0:003 25,077 0.73
R 0.021 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004
C&E Europe, C Asia 37,056 076 0.001 0.003 0.001 0.002 0.001 - 0.000 0.000 0.000 0.015 30,576 675
R 0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.003
P
High-income 21,289 072 0.000 0.000 0.000 0.003 0.000 0.001 i 20,252 073
R 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.002
P
L. America, Caribbean 29,269 071 0.001 0.000 0.000 0.001 0.001 0.000 0.001 0.007 26,895 0.70
R 0.000 0.000 0.093 0.004 0.000 0.000 0.000 0.000 0.000 0.001 0.002
N Africa, Middle East 35,973 0.75 P 0.001 0.001 0.001 0.000 0.000 0.002 0.001 0.002 0.005 31,321 0.75
R 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.004
P
S fsle 47,398 075 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.000 0.001 0.014 35,718 675
R 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007
P
Sub-Saharan Africa 72,786 0.79 1 51,979 0.75
R 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 ; 0.003






OEBPS/images/12963_2021_257_Article_TeX_Equ2.png
R=G -G





OEBPS/images/12963_2021_257_Tab6_HTML.png
9+ 80 70 60 50 30 20 10 0 10 20 30 40 50 60 70 80 90+
Negative P Indices Percentiles Positive P Indices
2007 2017
2007/ 008/ 2009/ 010/ 201y 01 01y 00 018 00 L
o . 08 09 10 1 12 13 14 15 16 17 L .
Rate Rate

Al Injuries

(30)
P - 000 0009 0005 o 001 0012 o0016]

S&SE Asia, Oceania 3083 061 oco1 ({50007 o000 CER E k. 2569 0.60
R 0054 0000 0001 0000 0001 0001 0000 0000  0.003 0.004

CaE Europe, CAsia sz oes | P 0001  -0.003 0.000 | -0.004 -0.001 0009| 4o ges
R 0000 0001 0017 0007 0000 0000 0006 0002 0001  0.000 0.004
P o 7 7 Y -

ighiincome 2520 083 0001 0001  -0.001 0.001 0000 -0.003 0005 00 gen
R 0000 0000 0000 0013 0005 0000 0002 0001 0000  0.000 0.003

. America, Caribbean o0 03 | P 0001 0003 0006 0004  -0002 0004  -0.002 0008| Lo o
R 0000 0001 0516 0043 0002 0001 0000 0000 0002  0.007 0,013

N Africa, Middle East s163 o063 | F 0:00480:00% 405 068
R 0000 0000 0000 0013 0001 0001 0001 0000 0000  0.000 0.009

S ncin a2es o | P 0001 0002  0.000 0000 0007  -0.003 -0.002 0005 o0 oe
R 0001 0000 0000 0001 0000 0001 0001 0003 0001  0.000 0,002
P

Sub-Saharan Afrca a5 058 0003 0000 0003 0002 0001 0002 0003 0005 0004 0003 s 0s2
R 0001 0000 0000 0000 0000 0000 0001 0005 0000  0.001 0.005

Unintentional injuries (16)
Pl 0295 0127 | 0015 0012 -0 i 0.

S&SE Asia, Oceania 1358 063 0007 (0005 -0.003 Rlioua .02 [EEERIENR 00021 4136 063
R 0320 0097 0000 0001 0000 0002 0002 0001 0000  0.000 0.005
P 7 y 7

C&E Europe, C Asia 2800 062 0l003 0.005 0.000 0.000 {51-0.00215552:0.002 2,28 064
R 0000 0000 0028 0006 0000 0000 0000 0000  0.000

High-income 103 066 0003 0002  0.000 0001  -0001 0000  -0.001 -
R 0000 0000 0000 003 0011 0000 0000 0000 0000

L. America, Carbean 112 oss | P -0.001 0003 0001 0000 0002 0007 107 oss
R 0000 0001 0010 0000 0000 0000  0.000
P Py y X )

N Africa, Middle East 1411 053 0.00L 9000 ocor [IEG0G8]  o.c0s 1,166 054
R 0000 0000 0000 0000 0000 0000  0.000
P - | .

s Asia 2149 062 0.000 ; 0.001 [ 1766 063
R 0001 0000 0000 0000 0000 0001 0001 0003 0001
P g 5 5

Sub-Saharan Afrca - 0001 0001 0002 0003 0000 0000 0002 0002  -0.001 1565 os2
R 0000 0060 0000 0000  ©000 0000 0000 6000 0000






OEBPS/images/12963_2021_257_Article_TeX_Equ10.png
k = 200P





OEBPS/css/sidebar.gif





OEBPS/images/12963_2021_257_Fig3_HTML.png
Cumulative share of total DALY rate

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0%
0%

Lorenz 1990

10%

20% 30%

40% 50% 60% 70%

80%

Cumulative share of DALY causes ranked from lowest to

Lorenz 2017

highest by DALY rate

— — — Concentration Curve 2017
(1990 ranks)

90% 100%

Line of equality





OEBPS/navigation.xhtml

    
      Contents


      
        		The relative importance and stability of disease burden causes over time: summarizing regional trends on disease burden for 290 causes over 28 years


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12963_2021_257_Tab4_HTML.png
90+ 80 70 60 40 30 10 0 10 20 30 40 50 60 70 80 90+
Negative P Indices. Percentiles Positive P Indices
2007 2017
2007/ 2008/ 2008/ 2010/ 2011/ 2012/ 2013/ 2014/ 2015/ 2016/ | 2007/
DALY 09 12 13 14 17 17 | pary
Rate < Rate S
All CMNNs
(79)
R 0.000 0.000 0.000 0.000 i 0.000 0.000 0.000 0.000 0.000 0.000 0.003
) P 0001 0000 0000 0000 | -0001 ~ 0000 0000 0001 0000 0000 | 0004
C&E Europe, C Asia 4918 087 | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0004 | 381 087
High-income 171 oss | P 0.000 0.000 -0.001 0.000 -0.001 0.000 0.000 0.000 0.000 | -0.003 | 1,547 087
R 0000 0000  0.000 0000 0000 0000 0000  0.000 0000 0000 0000
o P 0001 0001 0.001 0001 0000 0000 0001 0000 0000 0003
L. America, Caribbean 5937 08 ) ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o001 | *%% 088
- P 0000 0000 0001 0001 0002 0001 000 0000 0001 0000 | 0009
N Africa, Middle East 8ois 084 ) ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o004 | 476 083
) P ]
S Asia 19730 o080 | . 0.000 oo oo o000 13197 081
) P 0.001 0.001
Sub-Saharan Africa 4793 083 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 o003 | 2647 08
Neglected tropical diseases
and malaria (23}
) ) P 0003 -0.002 Y -0.003
SBSE Asia, Oceania 9 074 1 g 0.001 0.000 0.000 0.001 0.001 0.004 0.000 0.000 0.000 0002 | 2 078
) 3 0001 0001  -0.001 0000 0000 0000  -0002  -0001 0000 | -0.006
C&E Europe, C Asta n 087 | g 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 &6 087
. 3 -0.001 0000  -0.001 ] 00031 -0.020
High-income v 082 | ¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.009 16 085
L. America, Caribbean 237 0.68 : 205 0.72
- P
N Africa, Middle East u 073 1 g 0.003 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.005 0.000 143 0.75
) P -0002  -0.003 -0.002 -0.003
$ hsia 716 077 1 g 0000  0.002 0.001 0.001 0000  0.001 0002 0.002 0001 0002 471 082
) P -0001 0000  -0.001 0002 0002  -0.002
Sub-Saharan Africa 6639 08 | ¢ 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0000  0.000 3822 089






OEBPS/images/12963_2021_257_Article_TeX_Equa.png
AG = G| - Gy





OEBPS/images/12963_2021_257_Article_TeX_Equb.png
AG=1-2] (I)Ll(s)ds — [1 -2 (I)Lo(s)ds]
=2, Lo(s) = Li(s)ds





OEBPS/images/12963_2021_257_Fig2_HTML.png
Cumulative share of total DALY rate

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

0%

10%

20% 30%

40% 50% 60% 70%

80%

Cumulative share of death causes ranked from lowest

Line of equality

to highest by DALY rate

Lorenz Curve

90%

100%





OEBPS/css/envelope.png





OEBPS/images/12963_2021_257_Tab8_HTML.png
HIV/AIDS and STis
HIV/AIDS resulting in other diseases
HIV/AIDS - Drug-susceptible TB
HIV/AIDS - Multidrug-resistant TB
HIV/AIDS - Extensively drug-resistant TB
Syphilis
Chlamydial infection
Gonococcal infection
Other sexually transmitted infections
Trichomoniasis
Genital herpes

y inf & tub I
Lower respiratory infections
Upper respiratory infections
Otitis media
Drug-susceptible tuberculosis
Multidrug-resistant tuberculosis

d

Latent tuberculosis infection

Enteric infections

Diarrheal diseases

Typhoid fever

Paratyphoid fever

Other intestinal infectious diseases

Invasive Non-typhoidal Salmonella (iNTS)

Neglected tropical diseases & malaria

Malaria

Chagas disease

Visceral leishmaniasis

African trypanosomiasis

Schistosomiasis

Cysticercosis

Cystic echinococcosis

Dengue

Yellow fever

Rabies

Ascariasis

Other neglected tropical diseases

Ebola

Zika virus

Cutaneous and mucocutaneous

Lymphatic filariasis

Onchocerciasis

Trachoma

Trichuriasis

Hookworm disease

Food-borne trematodiases

Leprosy

Guinea worm disease

Other infectious diseases

Pneumococcal meningitis

Hinfluenzae type B meningitis

Meningococcal meningitis

Other meningitis

Encephalitis

Diphtheria

Whooping cough

Tetanus

Measles

Varicella and herpes zoster

Acute hepatitis A

Acute hepatitis B

Acute hepatitis C

Acute hepatitis E

Other unspecified infectious diseases
| and | disord:

Nutritional defici

Di e di

Protein-energy malnutrition
Other nutritional deficiencies
lodine deficiency

Vitamin A deficiency

Dietary iron deficiency
Neoplasms

Non-Hodgkin lymphoma
Multiple myeloma

Other malignant neoplasms

Cirrhosis - hepatitis B

Cirrhosis - hepatitis C

Cirrhosis - alcohol use

Cirrhosis - other causes

Peptic ulcer disease

Gastritis and duodenitis
Appendicitis

Paralytic ileus and intestinal
Inguinal, femoral, and abdominal

Other benign and in situ neoplasms
Liver cancer due to NASH

Stomach cancer

Liver cancer due to hepatitis B
Liver cancer due to hepatitis C
Liver cancer due to alcohol use
Liver cancer due to other causes
Acute i i

y bowel disease
Vascular intestinal disorders
Gallbladder and biliary diseases
Pancreatitis

Other digestive diseases
Cirrhosis due to NASH
Gastroesophageal reflux disease
Neurological disorders

i 's disease and other

Chronic
Acute myeloid leukaemia

Chronic myeloid leukaemia
Non-melanoma skin cancer
Other leukaemia

Larynx cancer

Tracheal, bronchus, and lung cancer
Breast cancer

Cervical cancer

Uterine cancer

Prostate cancer

Colon and rectum cancer

Lip and oral cavity cancer
Nasopharynx cancer

Other pharynx cancer
Gallbladder and biliary tract cancer
Pancreatic cancer

Malignant skin melanoma
Ovarian cancer

Testicular cancer

Kidney cancer

Bladder cancer

Brain and nervous system cancer
Thyroid cancer

Mesothelioma

Hodgkin lymphoma

Esophageal cancer

Benign and in situ intestinal
Benign, in situ cervical & uterine
Non-melanoma skin cancer (basal)
Cardiovascular diseases
Rheumatic heart disease

Ischemic heart disease

Ischemic stroke

Intracerebral haemorrhage
Subarachnoid haemorrhage
Hypertensive heart disease

Atrial fibrillation and flutter
Aortic aneurysm

Peripheral artery disease
Endocarditis

Other cardiovascular& circulatory

Maternal abortion and miscarriage
Maternal haemorrhage

Maternal sepsis and other maternal
Maternal hypertensive disorders
Maternal obstructed labor and uterine
Ectopic pregnancy

Indirect maternal deaths

Late maternal deaths

Other maternal disorders

Neonatal preterm birth

Neonatal encephalopathy - birth
Neonatal sepsis and other neonatal
Haemolytic disease and other neonatal
Other neonatal disorders

Maternal deaths aggravated by HIV/AIDS

's disease

Epilepsy

Multiple sclerosis

Motor neuron disease
Other neurological disorders
Migraine

Tension-type headache
Mental disorders
Anorexia nervosa

Bulimia nervosa

CMNNs NCDs Injuries
Musculoskeletal disorders
Other musculoskeletal disorders
Rheumatoid arthritis
Osteoarthritis

Low back pain

Neck pain

Gout

Other NCDs

Neural tube defects

Congenital heart anomalies
Orofacial clefts

Down syndrome

Other chromosomal abnormalities
Congenital musculoskeletal & limb
Urogenital congenital anomalies
Digestive congenital anomalies
Other congenital birth defects
Sudden infant death syndrome
Urinary tract infections
Urolithiasis

Other urinary diseases

Uterine fibroids

Polycystic ovarian syndrome
Endometriosis

Genital prolapse

Other gynecological diseases
Thalassemias

Sickle cell disorders

G6PD deficiency

Schizophrenia Haemoglobinopathies & haemolytic
Major depressive disorder Endocrine, metabolic, blood &
Dysthymia Turner syndrome
Bipolar disorder Klinefelter syndrome
Anxiety disorders Caries of deciduous teeth
Autism spectrum disorders Caries of permanent teeth

tii tivity disorder diseases
Conduct disorder Edentulism and severe tooth loss
Idiopathic developmental intellectual Other oral disorders
Other mental disorders Benign prostatic hyperplasia
Substance use disorders Male infertility
Alcohol use disorders Female infertility
Opioid use disorders Premenstrual syndrome
Cocaine use disorders Thalassemias trait
Amphetamine use disorders Sickle cell trait
Other drug use disorders G6PD trait
Cannabis use disorders Transport injuries

Diabetes and kidney diseases
Diabetes mellitus type 1

Diabetes mellitus type 2

Chronic kidney disease - type 1
Chronic kidney disease - type 2

Acute glomerulonephritis

Chronic kidney disease - hypertension
Chronic kidney disease -

Chronic kidney disease due to other
Skin and subcutaneous diseases
Cellulitis

Pyoderma

Decubitus ulcer

Other skin and subcutaneous diseases
Psoriasis

Non-rheumatic calcific aortic valve Scabies
Non-rheumatic degenerative mitral Fungal skin diseases
Other non-rheumatic valve diseases Viral skin diseases
Alcoholic cardiomyopathy Acne vulgaris

iti Alopecia areata
Other cardiomyopathy Pruritus
Chronic respiratory diseases Urticaria
Chronic i y Atopic
Silicosis Contact dermatitis
Asbestosis Seborrhoeic dermatitis
Coal workers pneumoconiosis Sense organ diseases
Other pneumoconiosis Refraction disorders
Asthma Near vision loss
Interstitial lung disease Glaucoma
Other chronic respiratory diseases Cataract

Age-related macular degeneration
Age-related and other hearing loss
Other vision loss

Other sense organ diseases

Pedestrian road injuries

Cyclist road injuries

Motorcyclist road injuries

Motor vehicle road injuries

Other road injuries

Other transport injuries
Unintentional Injuries

Falls

Drowning

Fire, heat, and hot substances
Poisoning by carbon monoxide
Poisoning by other means
Unintentional firearm injuries
Other exposure to mechanical forces
Adverse effects of medical treatment
Venomous animal contact
Non-venomous animal contact
Pulmonary aspiration, airway foreign
Foreign body in other body part
Other unintentional injuries
Exposure to forces of nature
Environmental heat and cold
Foreign body in eyes

Self harm & interpersonal
Executions and police conflict
Sexual violence

Conflict and terrorism

Self-harm by firearm

Self-harm by other specified means
Physical violence by firearm
Physical violence by sharp object
Physical violence by other means





OEBPS/images/12963_2021_257_Fig1_HTML.png
25000

20000
15000

eindod 000‘00T J2d SATVA

10000

5000

L10C
910C
ST0C
102
€10C
[4104
1102
0102
600C
800C
L00T
900T
S00C
00T
€00C
o0t
T00T
000z
6661
8661
L66T
9661
S66T
661
€66T
66T
T66T
0661

Injuries

NCDs

CMNNs





