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Abstract 
Background:  

Developed nations have shown high e0 on the account of low G0 and low H and F indices. Whereas, 
LMICs and LICs showed increase in e0 mainly contributed by reduction in the burden of infectious 
diseases; however, with increasing causes of death diversity.  

Objective 

The study aims to examine the cause of death inequality and diversity for assessing the progression 
in mortality transition in HICs versus LMICs versus LICs. 

Methods 

Age-cause-specific decomposition of life expectancy at birth (e0), Gini coefficient at birth (G0), 
Shannon entropy (H) and Fractionalization index (F) by sex were performed using mortality rates of 
highest and lowest income countries in 23 GBD regions selecting 45 countries retrieved from the 
GBD (2021) study.  

Results 

The HICs countries of America, Asia, Australasia and Europe gained momentum in their pace of e0 
and G0 which was attributable to single reduction in cardiovascular diseases attaining a low causes 
of death diversity. On the other hand, LMICs countries of Asia, Oceania, North and South America, 
Africa show large reduction in infectious diseases for their pace in mortality transition. UMICs show 
similarity with LMICs. LICs of Africa showed large improvement in infant and children but not in adult 
mortality.  

Conclusion 

The significant contribution of NCDs to ∆H and ∆F in middle through old age groups supported by 
the considerable contribution of CDs confirms their role in increasing diversity in causes of death in 
selected LMICs. NCDs in adult through old age groups show a negligible role in causes of death 
diversity, as evident in inequality in age at death.  

Contribution 

The outcomes of the study unravel a high level of causes of death diversity responsible for the slow 
pace of mortality transition in LMICs and LICs. A significant contribution from the NCDs is lacking in 
the progression of life expectancy, inequality in age at death in LMICs and LICs.  
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Introduction  
Worldwide, the challenge of the epidemic of noncommunicable diseases (NCDs) is upfront [1-3]. Many 
developed and developing countries deal with the huge burden of NCDs with an understanding of 
public health cognisance [4,5]. The inequality features associated the demographic developments [6], 
apart from a public health concern, are crucial for understanding the challenges of the prolonged 
burden of NCDs [7], especially in low-middle-income countries and low-income countries (LICs) [8]. 
Low mortality and high morbidity is now recognised as a transitioning phase of health transition in 
developing countries which partly explains the apace in the epidemiological transition [9-12]. At the 
same time, the diversity in causes of death has been higher in HICs and UMICs but lower in LMICs 
and LICs.  

The rapid increase in life expectancy at birth (e0) underneath conceals the inequality in mortality and 
morbidity as well as structural changes in causes of death. Also, the phenomenon of high e0 and high 
disparity in lifespan eludes the interpretation of a better e0 

[13]. In this regard, the scrutinisation of 
causes of death from the perspective of changes e0 and inequality in age at death as measured by 
the Gini coefficient at birth (G0) [14] and diversity in causes of death as measured by Fractionalization 
index (F) and Shannon entropy index (H), provides a robust understanding of the role of many 
causes of death for a persistent high burden of NCDs in LMICs, LICs and HICs[15].  

The study explores the demographic contributions of many causes of death by age and sex in 
reference to the pattern of mortality of communicable diseases (CDs) and NCDs [16-18]. In LMICs such 
as India, major programs and policies are for mother and their children that have been considered 
successful in the light of improvised demographic indicators such as infant mortality rate (IMR) and 
Maternal Mortality Ratio (MMR) [19,20]. Further, it has been expected that such health interventions 
would also benefit adult mortality decline in men and overall health in the population. However, the 
causes of death in women are majorly related to pregnancy, childbirth, and post-partum periods in 
adult ages, whereas it has been injuries and NCDs in adult and old men. So, the reverberation of 
health practices and care and percolation of knowledge did not pass on to the other age groups and 
male counterparts. This has been found true for many LMICs and LICs. The prompt reasoning could 
be the large and persistent burden of CDs together with escalating burden of NCDs in these 
countries. The health interventions in LMICs and LICs require more understanding in terms of 
beneficiaries and target populations and gender differentials in mortality and morbidity. The causes 
of death greatly vary by age and sex, and importantly, by regimes of mortality and morbidity in these 
countries. The case of inequality in mortality and morbidity regimes remains utmost crucial [21]. The 
progress in mortality and epidemiological transition alone partly explain the structural changes in 
causes of death in a population [22,23].   

LMICs to set the target of a 25% reduction in premature mortality from NCDs by the year 2025 [24], in 
compliance with the United Nations [25]’s Sustainable Development Goals (SDGs) Goal 3 and Target 
3.4. An important concern is the inequality in mortality and morbidity contributed by the causes of 
death and age groups over a period of time. The inequality in mortality is contributed by many 
causes of death[26,27] as well as premature mortality [28,29] or acceleration in old age mortality[30]. The 
decomposition analysis [31] of the changes in e0 and G0, F and H [32] by causes of death describes 
developments in mortality and morbidity over time. Specifically, the cause-age-specific contributions 
to ∆G0 unveil the causes of death responsible for the reduction in premature mortality owing to a 



threshold age that separates premature deaths and old deaths and contributions to ∆F and ∆H 
describe the diversity as a barrier or supplement to epidemiological transition [33,34]. The 
distinguishing feature of threshold age in the decomposition analysis of G0 is an advantage 
compared to that of e0. Compared to developed countries, developing shows a lower G0, F and H 
values[35,36]. A low threshold age provides a narrow age-interval for the reduction of premature 
mortality in LMICs and LICs population[37]. Hence, the causes of death in combination with age 
groups where NCDs and CDs vary in dominance are more consequent for lowering the causes of 
death inequality as well as diversity. The study examines the role of CDs and NCDs for ∆e0, ∆G0, ∆F 
and ∆H using cause-age-specific mortality data from GBD study between 1990-1994 and 2017-2021. 
The specific objectives of the study are (i) to assess the age-specific contributions to ∆e0, ∆G0, ∆F and 

∆H (ii) to scrutinise the causes of death to ∆e0, ∆G0, ∆F and ∆H by age and sex. The study focuses on 
23 causes of death by quinquennial age groups and sex to comprehend the varying progression in 
mortality transition in highest and lowest income countries in 23 GBD regions selecting 45 countries 
using HBD (2021) study.  

2 Data and Methods 
In the study, we used GBD (2021) study as the main data source and many methods to assess the 
progression of mortality transition primarily by examining the contribution of causes of death to ∆e0, 
∆G0, ∆F and ∆H between 1990-1994 and 2017-2021. We aim to examine the change in causes of 
death inequality and diversity in 45 countries across 23 GBD regions interjectionally with their 
income level, i.e. HICs, UMICs, LMICs, and LICs.   

2.1 Global Burden of Disease (GBD) (2021) Study 

The Global Burden of Disease (GBD) (2021) [38,39] study, coordinated by the Institute for Health 
Metrics and Evaluation (IHME), provides data on the burden of diseases, injuries, and risk factors for 
two sexes, and for 204 countries and territories, including the South Asian country India as a whole. 
For selected countries across the seven regions of the world, this study used age-cause-specific 
mortality rates by sex and 18 countries for 23 major causes of death at level 2 available in the GBD 
(2021) study for analytical outcomes (see Appendix: Table 1). In this study, we have separated 
maternal disorders from neonatal and maternal disorders, and hence we have, in total, 24 causes of 
death to analyse. The age-cause-specific mortality rates by sex are additive to overall mortality rates 
(Global Burden of Disease Collaborative Network 2020).   

2.2 Life expectancy, Inequality in age at death, Fractionalization Index, and Shannon 
entropy Index  

2.2.1 Life expectancy (ex) 
We used overall age-specific death rates (ASDR) by quinquennial age groups up to the open age 
group of 75+/95+ years for both sexes from the GBD (2021) study for constructing life tables for 45 
countries for the period of 1990-1994 to 2017-2021. Assuming ASDR follow Gompertz’s law of 
mortality, new life tables were constructed based on the methodology recommended by the United 
Nations (United Nations 1982: 31, see Annex I). Five-year moving average of ASDR was used to 
construct life tables. The difference between the estimated e0 and published e0 by World Bank 
(2023) is small.   



2.2.2 Inequality in age at death (G0) 
We computed the Gini coefficient at the age of zero (G0) as a measure of inequality in age at 
death[14,36,40], based on the newly constructed life table. The G0 for an abridged life table is expressed 
as: 
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years lived by the individuals who have died within the given interval [41,42].  

2.2.3 Fractionalization Index (F) 
We computed Fractionalization Index (F) as a measure of diversity in causes of death[43] 

𝐹(𝑥) = 1 −  𝑃௫
ଶ  

where, 𝑃௫  is the share of 𝑖th causes of death in 𝑥th age group.  

2.2.4 Shannon Entropy Index (H) 
We computed Shannon entropy Index (H) as a measure of diversity in causes of death[44] 

𝐻(𝑥) = −  𝑃 𝑙𝑜𝑔 (𝑃 ) 

where, 𝑃  is the share of 𝑖th causes of death.  

2.3 Decomposition of e0 and G0 by age groups 

The decomposition techniques were applied to analyse the contribution of many age groups to ∆e0 

∆G0, ∆F and ∆H between 1990-1994 and 2017-2021 
[45]. The contribution of many age groups attests 

to the change in age-specific mortality between population subgroups and over time. We applied 
Kitagawa [46] method of replacement or standardisation to decompose ∆e0, ∆G0, ∆F, and ∆H.  

The application of the decomposition technique based on standardisation of ASDR is expressed as  

𝛿 = 𝑒൫𝑀[௫ା]൯ − 𝑒(𝑀[௫]) 

where,  

𝛿  is the contribution of 𝑖௧  age-interval [𝑥, 𝑥 + 𝑛) to the difference in e0 between two populations. 
𝑀[௫] is a vector of age-specific mortality rates with its elements in the first population for 𝑥 ≤ 𝑥 
and in the second population for 𝑥 ≥ 𝑥 [14]. The decomposition technique is applied over the 
permutations of populations and time, running from age 0 to the oldest age.   



2.4 Decomposition of e0 and G0 by causes of death and age groups 

The Kitagawa [46] method of decomposition technique was applied to calculate cause- and age-
specific contributions to e0 and G0. Specifically, the contribution of 𝑗௧  cause of death to the 
contribution 𝛿  in 𝑖௧  age-interval [𝑥, 𝑥 + 𝑛) is calculated as  
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𝑖௧  age-interval [𝑥, 𝑥 + 𝑛) in the population 𝑎 and 𝑏, respectively, and 𝑚
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 and 𝑚
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 are 
age-specific mortality rates in 𝑖௧ age-interval [𝑥, 𝑥 + 𝑛) in the population 𝑎 and 𝑏, respectively [14]. 
This decomposition analysis provides age-cause-specific contributions to ∆e0, ∆G0, ∆F, and ∆H for 
both sexes between 1990-1994 and 2017-2021, which are comparable across population subgroups 
and over time.      

3 Results 

3.1 Changes in e0, G0, F and H of selected 18 countries, 1990-1994 and 2017-2021 

Fig. 1 shows the change in e0, Fig. 2 show the change in G0, F, and H between 1990-1994 and 2017-
2021. Amongst the selected countries, India shows a concomitant increase in e0 and a decline in G0; 
the F and H indexes showed a decline. For India, e0 increased for men and women from 59.4 and 
60.8 years, respectively, in 1990-1994 to 67.7 and 70.7 years, respectively, in 2017-2021 (Fig. 1). 
Contemporaneously, the G0 values for men and women declined from 0.219 and 0.225 in 1990-
1994, to 0.154 and 0.146 in 2017-2021. The high e0 and low G0 are evident, attesting to strong 
progress in mortality transition. The diversity indices F and H decreased from 0.867 and 0.729 in 
1990-1994 to 0.844 and 0.711 in 2017-2021. Similar to India, many LMICs, LICs and HICs showed a 
rise in e0 values concomitant with a fall in G0 values, but actually they differ in the change in causes 
of death diversity, i.e. F and H, for eg., China, Nepal, Burundi, Botswana, Sudan, Bangladesh, Bhutan, 
and Pakistan showed a decline in the diversity index F and H whereas HICs such as Australia, New 
Zealand, Luxembourg, UK, etc. showed a rise in F and H values (Fig. 2).   

3.2 Age-specific contributions to ∆e0, ∆G0, ∆F, and ∆H in selected 18 countries, between 
1990-1994 and 2017-2021 

Fig 3 and 4 show the age-specific contribution to e0 and G0 for 45 countries between 1990-1994 
and 2017-2021. For India, the most significant contribution to ∆e0 and ∆G0 is from the infant (0-1 
years) age group for both sexes, followed by the child (1-4 years) age group. The 0-1 age group 
contributed around 54% in men and 40% in women for their increase in ∆e0 and approximately 65% 
and 69%to ∆G0 by men and women, respectively, between 1990-1994 and 2017-2021. The 0-1 and 
1-4 age groups contributed around 76% and 67% to ∆e0 and 81 and 76% to ∆G0 in men. This 
remarkable increase in e0 and G0 was mostly contributed by the infant and child mortality decline. 
There was a large contribution from the 0-4 age groups to the fall in F and H indices for India. Similar 
to India, many LMICs and LICs showed a large contribution of 0-4 age groups.  

Most of the LMICs and LICs reveals that adult (15-49 years) mortality decline showed a sizeable 
contribution in men and women. Adult mortality decline in men is almost half that in women, so 



men did show a smaller contribution to ∆e0 and ∆G0 than women. Nevertheless, men and women in 
their adult age group contributed 15 and 18% to ∆e0 and 19.5 and 25.5% to ∆G0. The middle age 
group of 50-69 years in men and women contributed 19.47 and 13.96% to ∆e0 and 4.75 and 5.37% 
to ∆G0. The older age group of 70 plus in men and women contributed 14.6 and 17.2% to ∆e0 and -
13.5 and -12.9% to ∆G0. The decline in F and H was majorly contributed by the middle and old age 
groups. For China, the middle age group contributed 27%, and for India, it was 32% to F, with similar 
contributions to H. The oldest of the old age group contributed 42% and 51% to F and H (Fig. 5 and 
6).  

3.3 Age-specific contribution of 24 causes of death to ∆e0 and ∆G0, India, 1990-1994 and 
2015-2019 

The age-specific contributions to ∆e0, ∆G0, ∆F, and ∆H for India and 17 other countries between 
1990-1994 and 2017-2021 by three broad causes of death. A major contribution to changes in ∆e0 
and ∆G0 for India and other LMICs and LICs was from CDs. Specifically, for India, CDs contributed 71.5 
and 78.3% to ∆e0 and 85.6 and 86.8% to ∆G0 by men and women, and noncommunicable diseases 
(NCDs) contributed 20.4 and 14.8% to ∆e0 and 4.6 and 4.8% to ∆G0 by men and women, respectively; 
injuries contributed only 8.1 and 6.9% to ∆e0 and 9.8 and 8.3% to ∆G0 by men and women. Many 
LMICs and LICs countries showed similar contributions of broad causes of death to ∆e0 and ∆G0. The 
contribution to ∆F and ∆H was mainly from the adult, middle and old age groups in India and other 
LMICs and LICs. On the other hand, HICs showed contribution to ∆F and ∆H by older and oldest of 
old age groups.  

The contribution of 24 causes of death to ∆e0, ∆G0, ∆F, and ∆H for India and 42 other countries were 
analysed between 1990-1994 and 2017-2021. Specifically, for China, amongst CDs, respiratory 
infection and tuberculosis, together with enteric (diarrhea and typhoid) infections, contributed a 
share of 43.2 and 45.7% to ∆e0 and 39.1 and 38% to ∆G0 in men and women, respectively. Other 
communicable diseases and neonatal and maternal disorders also contributed majorly to ∆e0 and 
∆G0. Among NCDs, cardiovascular diseases and chronic respiratory diseases contributed 7.7 and 
6.4% to ∆e0 and 0.0 and -1.3% to ∆G0 in men and women, respectively. Amongst NCDs, the other 
noncommunicable diseases contributed the largest contribution of 2.8 and 2.1% to ∆G0 (Table A1 
and A2). Therefore, it is apparent that the advances in mortality transition are contributed by the 
mortality decline in CDs, not NCDs and injuries. Sudan, Botswana, India, Central African Republic 
showed similar age-cause-specific contributions to ∆G0, ∆F, and ∆H. Among LMICs and LICs, the 
contributions were similar but it varied for UMICs and strikingly for HICs. The contribution of 
cardiovascular diseases was 5.22, 5.61, 5.12, 7.53 and 2.72 years to the rise in e0 for Australia, Japan, 
Luxembourg, Singapore and the USA. Whereas, LMICs other than India such as Brazil, Nepal, 
Botswana showed moderate contribution of 3.98, 1.28, 1.21 years. The Upper middle income 
countries such as China and Malaysia showed contributions of 2.32 and 0.89 years (Fig. 3).   

Fig. 3, 4, 5, and 6 elucidates the age-specific contributions of 24 causes of death to ∆e0, ∆G0, ∆F, and 

∆Hfor India and 42 other selected countries between 1990-1994 and 2017-2021 by quinquennial 
age groups. On an average, the cause-age-specific contributions by quinquennial age groups reveal 
that contributions of CDs were sizeable in infant through old age groups for contributing to e0 for 
LMICs. By age group, CDs show a significant contribution in the infant and child age groups. Apart 
from these age groups, CDs have shown significant contributions for women in the reproductive age 
group, followed in the old age group. LICs showed strong contributions of infant and children age 
groups but lack mortality decline in adult and old ages.  



On an average, in the age group of 0-1 year for LICs, neonatal disorders followed by enteric 
infections and respiratory infections and tuberculosis show the largest contribution of 9 and 7% to 
∆e0 in men and women, respectively. Other infectious diseases followed by enteric infections and 
respiratory infections and tuberculosis show large contributions of 4.7 and 5.8% to ∆e0 in male and 
female children, respectively. Among the adolescent age group of 5-14 years, the contribution of 
many causes of death was small as the mortality rates have been lowest compared to other age 
groups with progressive mortality changes.  

The adult age group of 15-49 years show a moderate contribution in men and a large contribution in 
women, although men than women show a two-fold higher mortality rate. Given that the adult 
mortality decline is greater in women, the contribution of maternal disorder was 4.5% to ∆e0 and 
6.2% to ∆G0 followed by respiratory infections and tuberculosis and enteric infections. In adult men, 
respiratory infections and tuberculosis and enteric infections contributed respectively 4.5 and 2.6% 
to ∆e0 and 5.5 and 3.5% to ∆G0.  

Many causes of death in the middle age group of 50-69 years showed a considerable contribution to 
∆e0 but small contribution to ∆G0. Enteric infections, cardiovascular diseases, respiratory infections 
and tuberculosis, and chronic respiratory diseases contributed 5.7, 3.6, 3.3, and 3.0% to ∆e0 and 1.8, 
0.63, 0.75, and 0.55% to ∆G0 by men in the middle age group. The contribution of NCDs to ∆e0 was 
considerable in this middle age group of 50-69 years. However, the contribution of NCDs to ∆G0 was 
marginal and insignificant. At the same time, results showed that contribution to ∆e0 and ∆G0 in the 
middle age group varies widely by the same causes of death.  

Further, these four causes of death, namely enteric infections, cardiovascular diseases, respiratory 
infections and tuberculosis, and chronic respiratory diseases in the age group of 70+ years, showed 
the contribution of 7.94, 2.61, 2.31, and 2.3% to ∆e0 and -6.32, -1.89, -1.61, and -1.79% to ∆G0. While 
the contribution of enteric infections in the middle and old age groups was large and significant, the 
contribution of cardiovascular diseases and chronic respiratory diseases were smaller to ∆H as well 
as ∆F in LMICs and LICs as well as UMICs.  

Specifically, CDs show an essential role in adding significant points to increase e0, whereas NCDs add 
only a few points to e0 in LICs followed by LMICs. It is noteworthy that the contribution of NCDs to 
∆G0 is small compared to its own contribution to ∆e0 as well as to that of CDs to ∆e0 and ∆G0. It 
confirms that NCDs show negligible contribution to the decline in G0 values over time. The significant 
contribution of CDs to ∆G0 in infant through old age groups confirms their role for reducing 
inequality in age at death.  

The Shannon entropy index revealed a large contribution by the oldest of old age groups, especially 
in females. The contributions were stronger in HICs compared to UMICs, LMICs and LICs. Among 
males, a large contribution was also from the middle age groups and slightly less by adult age 
groups. By gender, males experience large positive as well as negative contributions in adults 
through old age, whereas females experience dominant, positive contributions in the middle and 
oldest of old ages and slightly lower contributions in the middle age groups compared to their male 
counterparts. The Fractionalization index also conforms with the Shannon entropy index with some 
variation. Australia, Luxembourg, Brazil, Japan, Kazakhstan, Singapore, and the USA showed large 
contributions in the oldest of old age groups; these contributions were stronger in females 
compared to males. China showed contributions similar in both Shannon entropy as well as 
fractionalization index.  



4 Discussion:  
The progress of epidemiological transition in LMICs and LICs is characterised by mortality decline 
mainly for communicable diseases (CDs) in infant (0-1 year) and child (1-4 years) age groups[47] and 
intrusion of noncommunicable diseases (NCDs)[11] at adult (15-49 years), middle (50-69 years) and 
old (70+ years) ages[48-50]. Meanwhile, HICs have shown large contributions to the advances in 
mortality transition attributable to chronic diseases (Fig. 3, 4, 5, and 6). With a decline in IMR and 
U5MR, the many LMICs such as India, Bhutan, Bangladesh, Burundi, Kazakhstan, Nepal, and Pakistan 
have transcended from the high mortality regime in the early 1990s to a mid/low mortality regime in 
the late 2010s. Despite showing a significant decline in the burden of CDs, mainly among infants and 
children and women of childbearing ages[51,52], adults and old, more likely in men than in women, 
are enduring the heavy burden of NCDs together with CDs[10]. The progress in mortality and 
epidemiological transition in these LMICs is strongly supported by low inequality in age at death, as 
measured by the Gini coefficient at birth (G0) with the linear increase in life expectancy at birth 
(e0)[35]. On the other hand, LICs and to some extent in LMICs endure a phenomenal phase of the dual 
burden of diseases characterized by morbidity expansion[5] which indicates limited progress in 
mortality and epidemiological transition. They are burdened with tolls of deaths in infant, child, and 
adult age groups. Acknowledging such contrasting views, researchers in the study analysed the 
contribution of 24 causes of death to the inequality in age at death, and diversity indices such as 
Fractionalization and Shannon entropy to understand the complexities in the progress of the 
epidemiological transition[43]. The study aims to unravel the inequalities as well as diversity in 
mortality in the progression of epidemiological transition[51]. The decomposition analyses were 
performed to assess cause-age-specific contributions to ∆e0, ∆G0, ∆F, and ∆H, using GBD data 
between 1990-1994 and 2017-2021.  

For men and women, the e0 values increased for LICs, LMICs and HICs; more in LMICs compared to 
HICs and LICs; contemporaneously, the G0 values declined strongly in LMICs and HICs compared to 
LICs (Fig. 1). Results of the decomposition analyses showed many CDs significantly contributed to an 
increase in e0 and G0 (Fig. 2). A significant contribution of CDs to ∆e0, ∆G0, ∆F, and ∆H is evident over 
age and time, especially in LMICs and LICs (Fig. 3 and 4) whereas HICs showed large contributions of 
chronic diseases. The reductions in the toll of deaths caused by CDs are in infant, child, and 
adolescent age groups and adult women in the reproductive age group advantaged LMICs more than 
LICs. The reduction in the toll of deaths caused by CDs has been possible in India and other South 
Asian countries; specifically for India it was possible with the implementation of long-term women 
and child-specific health policies and programs such as Reproductive and Child health (RCH)-I and -
II[19], Intergraded Child Development Services (ICDs), Janani Suraksha Yojana (JSK), Janani Shishu 
Suraksha Karyakaram (JSSK)[20] etc. which successfully orchestrated a consistent decline in IMR, 
U5MR, and maternal mortality ratio (MMR) since the mid-1990s. However, such specific health 
programmes have not been available for men.  

On the other hand, many NCDs marginally contribute to an increase in e0 between 1990-1994 and 
2017-2021; however, does not contribute to inequality in age death (Fig. 3). They show negligible 
contributions to the decline in G0 values over time; however, Fractionalization and Shannon entropy 
indices showed the contribution of chronic diseases in LMICs and LICs countries as well. By virtue of 
equalising and disequalising effects in the decomposition analysis of the Gini coefficient, the 
diseases showing affirmative results before the threshold age do not contribute to a better G0 after 
that threshold age[52]. Chronic NCDs show conventional disequalising contributions at old ages; 
however, they show marginal equalising contributions in adult and negligible contributions in the 
middle age groups (Fig. 4). So, a wide age-interval from adult to old ages does not make a conducive 



contribution to ∆G0 which in turn is reflected in ∆H and ∆F indices. The negligible contribution at the 
middle ages confirms a lack of mortality decline, which is utmost necessary for a shift in the 
threshold age and has serious affirmative results against the usual toll of deaths in old ages. The low 
threshold age has repercussions on the Fractionalization index as the square of the share of causes 
of death is affected by the threshold age that flips the age-specific contributions (Fig. 5 and 6).  

Developed countries such as Japan, Australia, Luxembourg, Singapore, and the USA show the strong 
phenomenon of high e0 and low G0 [53] attributable to high threshold age[40,54] and the reduction in 
the burden of chronic NCDs at adult and middle ages[17,55] attested by high level of F and H diversity 
indices. In particular, India and other South Asian countries do not show a significant contribution of 
NCDs in adults through old age. Instead, adult mortality differentials negatively skewed towards men 
are regressive to the threshold age. Moreover, the middle age group of 50-69 years, entrenching the 
threshold age in the studied period, will keep showing a negligible role for inequality in age at death. 
However, the F and H indices showed some contributions of chronic indices responsible for the 
decline in the indices. Altogether, the progress of inequality in age at death is passive in the light of 
low threshold age, wide mortality differentials, high diversity of causes of death and slight mortality 
decline among NCDs. It infers that a wide age range from adult to middle age groups in LMICs is not 
contributing enough when compared with that of HICs.  

Overall, the outcomes of the study reveal that the cause of death diversity and level of inequality in 
age at death achieved in the studied period is only contributed by the CDs in the LMICs and LICs. 
Whereas, the HICs were heavily contributed by the chronic diseases. The study emphasises that 
NCDs are responsible for high inequality in age at death in LMICs and LICs whereas HICs are better in 
inequality and causes of death diversity. It infers that the level of inequality of age at death is 
considered high because a significant contribution from the NCDs is lacking in LMICs. Accordingly, 
the causes of death diversity corroborated the findings[15]. The progress of inequality in age at death 
is passive on account of the unbalanced contribution between CDs and NCDs in India and many 
LMICs and LICs. While the low threshold age is one of the barriers, the persistent burden of NCDs 
remains a major factor for high inequality in age at death and high level of causes of death diversity 
in LMICs and LICs. Notably, the LMICs and LICs lacked programs and policies, especially for men, and 
as a consequence, their adult, middle and old mortality rates have been higher compared to women.   

5 Conclusion 
The Fractionalization and Shannon entropy indices declined for many LMICs and LICs, whereas they 
increased for HICs. The inequality in age at death has been modest in LMICs and LICs whereas it has 
been strong in HICs between 1990-1994 and 2017-2021. A decline in the inequality in age at death is 
concomitant with a linear increase in e0; however, it varies for F and H indices as they have changed 
in a narrow range. However, when decomposed by the causes of death versus age group, the 
outcomes of the study attest to a significant contribution of CDs and a small contribution of NCDs in 
LMICs and LICs. On the other hand, HICs experienced a large contribution of chronic disease to ∆e0, 

∆G0, ∆F, and ∆H.  

A decline in the diversity indices confirms a large number of causes of death to tackle for a rapid 
pace of mortality transition. The study confirms a high diversity in causes of death and inequality in 
mortality in LMICs and LICs on account of CDs as well as NCDs. Cardiovascular disease and chronic 
respiratory diseases with a large burden of deaths are responsible for death and recent changes in 
diversity indices. On the contrary, CDs have declined for all age groups, from infant to old age 
groups. Nonetheless, their contribution is significant in LMICs and LICs which increased the diversity 
in causes of death. In order to achieve a progression in mortality transition, it will be crucial to 



reduce the premature mortality caused by infectious diseases that will, in turn, narrow the diversity 
in causes of death.   
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Fig. 1: Change in Life expectancy of 45 selected countries, 1990-1994 and 2017-2021, GBD (2021) 
study 

 

Fig. 2: Change in Gini coefficient, Fractionalization index, and Shannon entropy of 45 selected 
countries, 1990-1994 and 2017-2021, GBD (2021) study 

 



Fig. 3a: Age-cause-specific contributions to life expectancy of continent North and South Americas, 
1990-1994 and 2017-2021, GBD (2021) study 

 

Fig. 3b: Age-cause-specific contributions to life expectancy of continent Asia, 1990-1994 and 2017-
2021, GBD (2021) study 

 



Fig. 3c: Age-cause-specific contributions to life expectancy of continent Australasia, Europe, and 
Oceania, 1990-1994 and 2017-2021, GBD (2021) study 

 

Fig. 3d: Age-cause-specific contributions to life expectancy of continent Africa, 1990-1994 and 
2017-2021, GBD (2021) study 

 



Fig. 4a: Age-cause-specific contributions to the Gini coefficient of continent North and South 
Americas, 1990-1994 and 2017-2021, GBD (2021) study 

 

Fig. 4b: Age-cause-specific contributions to the Gini coefficient of continent Asia, 1990-1994 and 
2017-2021, GBD (2021) study 

 



Fig. 4c: Age-cause-specific contributions to the Gini coefficient of continent Australasia, Europe, 
and Oceania, 1990-1994 and 2017-2021, GBD (2021) study 

 

Fig. 4d: Age-cause-specific contributions to the Gini coefficient of continent Africa, 1990-1994 and 
2017-2021, GBD (2021) study 

 

 



Fig. 5a: Age-cause-specific contributions to the Fractionalization index of continent North and 
South Americas, 1990-1994 and 2017-2021, GBD (2021) study 

 

Fig. 5b: Age-cause-specific contributions to the Fractionalization index of continent Asia, 1990-
1994 and 2017-2021, GBD (2021) study 

 



Fig. 5c: Age-cause-specific contributions to the Fractionalization index of continent Australasia, 
Europe, and Oceania, 1990-1994 and 2017-2021, GBD (2021) study 

 

Fig. 5d: Age-cause-specific contributions to the Fractionalization index of continent Africa, 1990-
1994 and 2017-2021, GBD (2021) study 

 



Fig. 6a: Age-cause-specific contributions to the Shannon entropy of continent North and South 
Americas, 1990-1994 and 2017-2021, GBD (2021) study 

 

Fig. 6b: Age-cause-specific contributions to the Shannon entropy of continent Asia, 1990-1994 and 
2017-2021, GBD (2021) study 

 



Fig. 6c: Age-cause-specific contributions to the Shannon entropy of continent Australasia, Europe, 
and Oceania, 1990-1994 and 2017-2021, GBD (2021) study 

  

Fig. 6d: Age-cause-specific contributions to the Shannon entropy of continent Africa, 1990-1994 
and 2017-2021, GBD (2021) study 

 


