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OPEN Changes in disease burden and

epidemiological transitions

Gabriel Gulis*2"™?, Radka Zidkova? & Zdenek Meier?

The epidemiological transition has been characterized by demographic, societal and health changes

in societies. Presuming that acute diseases, mostly of communicable etiology, are more important

in terms of early-life mortality, whereas chronic diseases are responsible for a greater burden of
disease throughout the life course, we attempt to develop an index to measure the stage of the
epidemiological transition. Using Global Burden of Diseases, Risk Factors and Injuries (GBD) data
available at https://vizhub.healthdata.org/gbd-compare/ on 04/04/2024 to calculate the Epidemiologic
Transition Estimate (ETE) index as a ratio of YLD/YLL for the time period of 1990-2019. The values

of the index ranged from 0.131 to 1.067 and 0.180 to 2.108 for males and females, respectively,

across the 195 included countries. The transition process seems to be faster to females compared to
males. The index shows consistently increasing values for five SDI-based country groups, with clear
differences among the groups. Although more research and validation studies are needed despite all
the uncertainties, the index seems to be robust to assess the progress in epidemiological transition.
These findings can help to predict future social care and health system needs to address causes leading
toYLD orYLL.
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The epidemiologic transition! is often perceived as a simplified process of decreasing mortality from
communicable diseases followed by an increasing share of chronic, mostly noncommunicable diseases®. The
demographic element of this transition leads to the aging of populations, and together with the shifted pattern
of disease occurrence in different age groups, health systems face the need to shift health services and social
care. National systems for health need to maintain their focus on diseases of infancy and childhood, often of
communicable etiology, and at the same time provide services to tackle the growing burden of chronic diseases’;
this “double burden” situation is well described in the literature by different authors*-®. Most of this literature is
focused on low-income country settings, and little, if any, knowledge is published on epidemiologic transition
within high-income countries. With respect to the economic development status of the country, it would be
desirable for national health service planners to know the state of transition in their own country to estimate the
pace of transition and planning of appropriate health services, including the workforce. In this context, it is good
to think about the involvement of social care services, which could bring significant benefits, such as improved
health promotion and primary prevention, followed by improved clinical outcomes, reduced hospitalization
rates, and positive effects on patient satisfaction®.

The Global Burden of Diseases, Risk factors and Injuries study'?, through the concept of disability adjusted
life years (DALY) which consist of years of life lost (YLL) due to premature mortality and years of life lost due
to disability (YLD), introduced the possibility of analyzing health trends from two different approaches. From a
public health angle, the YLL allows us to assess the ability of a health system to keep people alive to older ages'!,
whereas the YLD shows how healthy a certain population is throughout their lifetime!. In other words, YLL
shows how well a health system diagnoses and treats people to avoid premature mortality, and YLD shows how
well a health system promotes and protects health, prevents disease, supports avoidance of complications, and
provides good rehabilitation services. Hypothetically, this means that changes in the occurrence and fatality of
acute diseases should be more common in the YLL subgroup of disease burden, whereas changes in chronic
diseases should be more common in the YLD subgroup, although there are differences in the level of prevention
(primary prevention should lead to a decrease in YLDs, whereas secondary and tertiary prevention may increase
YLDs”). Can this kind of thinking lead to an index that would allow us to estimate the progress of epidemiologic
transition?

The objective of this paper is to answer that question by presenting and discussing a simple ratio (index) of
YLD/YLL. We hypothesize that in a society with predominantly high mortality in younger age groups, there is
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Males Females
Year 1990 2019 1990 2019
Mean 0.289 0.472 0.533 | 0.894
T test value 0.005338 0.011833
Median 0.254 0.433 0.395 |0.802
Standard deviation 0.056 0.051 0.161 |0.178
Standard variance 0.016 0.061 0.096 | 0.287
Minimum 0.131 0.219 0.180 |0.315
Maximum 0.574 1.067 1.117 | 2.108
Confidence level 95% of mean | 0.00077 | 0.00069 | 0.0022 | 0,0024

Table 1. Descriptive statistics of the ETE index.

1990 2016
Mean 0.420 0.644
Variance 0.037 0.116
Observations 195 195
Pearson correlation 0.913

Hypothesized mean difference | 0

Df 194

t Stat -17.167
P(T<=t) one-tail 4.38495E-41
t Critical one-tail 1.652

P(T <=t) two-tail 8.76991E—-41
t Critical two-tail 1.972

Table 2. Results of t-test statistics.

a high YLL and low YLD, leading to epidemiologic transition estimate (ETE) values less than 1. This society is
at the beginning stage of the epidemiologic transition. In contrast, in a society with low mortality in young age
groups, the incidence of chronic, noncommunicable diseases is increasing, leading to higher YLD values and
greater ETE values.

Method

As a data source, we used the Compare tool of the GBD study, which is publicly available at https://vizhub.he
althdata.org/gbd-compare/; data for 2019 calculations were used. We always used age-standardized values of
YLL and YLD calculated per 100 000 to avoid differences caused by different age structures of populations. We
calculate a simple index of the ETE as follows:

ETE=YLD/YLL

We used regional categorization (21 regions) presented by the Institute of Health Metrix and Evaluation
(IHME)" of the University of Washington, Seattle, USA. A list of countries belonging to each region is given
in Annex I of this manuscript. To provide data for the selected countries, we used countries where the WHO
Regional offices had their headquarters.

We selected the sociodemographic index (SDI)-based groups of countries and calculated time trends in the
ETE to allow discussion at different development levels. The SDI is a summary measure of development that uses
income per person, average educational attainment in the population older than 15 years and the total fertility
rate'®. We used the SDI and categorization of countries as available on the Compare tool (https://vizhub.healthd
ata.org/gbd-compare/ visited 04/05/2018) website.

Results
The GBD database constructed with the Compare tool contains data for 200 + countries and territories. The basic
descriptive statistics for the ETE index for regions by male and female sex are presented in Tables 1, 2.

The difference between 1990 and 2019 is statistically significant.

The temporal trends of ETE values across 21 regions in 195 countries throughout the world for the studied
period, separately for males and females, are shown in Figs. 1 and 2.

Three major issues are visible from regional analysis by sex:

o Not surprisingly Western Europe, Australasia, High-income North America and High-income Asia Pacific
regions are the frontrunners of epidemiological transition.
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Fig. 1. Temporal trend of the ETE index in different regions of the world in males.

« There is a substantial difference between males and females; females are presenting higher ETE index values
meaning that YLD element overturns the YLL element in burden of disease.

« The substantial drop of the value of proposed index in Caribbean in 2010 shows the sensitivity of it to major
events. The likely reason of that drop is extremely high mortality in Haiti after major earthquake in Hati and
Dominican Republic!®.

The distribution of ETE values further supported by the significance of the difference between 1990 and 2019
confirmed our basic hypotheses that such an index might provide sensible information. A growing inequality
over time among regions both for males and females is another generally noticeable phenomena.

The temporal trend of the development of ETE index values by SDI country group is presented in Fig. 3.

All groups showed a consistent increasing trend in the ETE index, confirming our hypothesis that ETE can
be used to indicate the process of epidemiologic transition. The differences among SDI groups further confirm
the growing inequality trend noticed on Figs. 1 and 2.

In the second step, we decided to select countries and analyze the temporal trend of the ETE. We choose
countries where the regional headquarters of the WHO are located. Figure 4 presents the results.

Despite of very arbitrary, one might say not scientific selection of countries data again show the growing
global inequality; Denmark together with USA are progressing much faster as the other four selected countries.
It is also interesting that Denmark over 2005-2010 surpassed USA in progress of transition.

To verify the index and our hypothesis, we examined changes in the causes of total DALYs lost by five
SDI groups between 1990 and 2019. We downloaded the data from the Compare tool website (https://vizhu
b.healthdata.org/gbd-compare/ visited 07/05/2018) and used the following standard categories of causes: (1)
communicable, maternal, neonatal and nutritional diseases (CMNNSs); (2) noncommunicable diseases (NCDs);
and (3) injuries. The top 10 causes of lost DALYs were used to create Fig. 5.

CMNNSs are not among the top ten causes of disease within high-SDI countries, and their prevalence is
decreasing in all SDI groups, presenting the same pattern as the values of the ETE index.
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Fig. 2. Temporal trend of the ETE index in different regions of the world in females.
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12

0.8

0.6

0.2

I B W . S S e R R SR R R I, A I SRR S N
PSP LS F S FPEFEEFTEES F RSP0 S P
N TR TR AT TR AR AR AR AR AR AR AT AT A

e [ OW SD| e | ow-miidldle SDI se Miiddle SDI e High-middle SDI s High SDI

Fig. 3. Temporal trend of the ETE by SDI category.

Discussion

The aim of our work was to develop and test a simple index to estimate the progress of epidemiological
transition using data from the GBD study. Compared to the GBD study, which developed the SDI, we used a
different approach based on the hypothesis that, by moving ahead in epidemiological transition, the share of
YLD compared to YLL is changing in favor of YLD. Owing to improved living conditions and the availability
of vaccines, societies are better managing the risk of mortality in childhood related to motherhood and
reproduction as well as the control of communicable diseases!'®~'%. This, in turn, leads to longer life and aging,
allowing individuals to experience noncommunicable diseases and injuries. This process reflects the five stages
of epidemiologic transition!. The proposed index shows how many YLDs relate to one YLL due to premature
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ETE trend of selected countries
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Fig. 4. Temporal trend of the ETE in selected countries.
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Fig. 5. Changes in causes of loss of DALY by SDI group.

mortality. As the value of the ETE index increases, more resources need to be allocated to health promotion,
protection, primary, secondary and tertiary prevention of diseases and chronic disease care. In relation to
YLDs, it is important to consider that health promotion and primary prevention activities are expected to lead
to prolonged health!*?° and thus a decrease in YLD, while secondary and tertiary prevention activities, for
example, reducing the severity or duration of a disease leading to longer life with chronic conditions?!, are likely
to increase the volume of YLDs. Through this, the index adds to discussion on whether to focus on compression
of morbidity or compression of mortality*??*. Clearly bot are important and closely inter-twinned as the popular
public health formulation is saying “adding years to life is as important as adding life to years”. Studying the role
of different health promotion and disease prevention interventions on YLD (and consequently on epidemiologic
transition and ETE) requires additional research on specific diseases (e.g., mental health). As the value of the
index increases, health systems should be oriented more toward long-term care than toward acute care in the
case of low ETE indices.

The presented ETE index shows clear and consistent changes all over the world; there is a statistically
significant increase in the value of the index. Comparing the range of values for 2019 to 1990, a difference
widening effect is visible, indicating substantial inequalities in the progress of epidemiological transition.
Apparently, the progress of epidemiological transition is an exponential/multiplicative process that is accelerated
by reaching higher levels. The ETE index seems to offer an opportunity to study in greater depth the temporal
relationships and patterns of the transition.
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A substantial inequality is identified by sex; females in every regional or development group have higher
values of the index. This finding is consistent with known male-female differences in health?’. Other studies
also point out that women, despite living longer, are no longer living more disability-free lives than men?*. In
other words, women have lower mortality but higher morbidity rates than men?*. These differences are based on
both biological systems and social processes®*. This difference is important in terms of health policies especially
oriented toward health promotion and disease prevention areas.

Analyzing the index by sex, SDI levels and even by selected countries confirms a major and growing global
inequality. On one hand, this corresponds well to Omran’s suggestion that the epidemiological transition is
influenced by demographic, economic and sociological determinants!, which are reflected in the SDI'2. On other
hand however, it is not a positive results taking in account fighting global health (and general) inequalities among
countries is on global political agenda for many decades now. Changes in the top ten groups of diseases leading
to a decrease in DALY in the five SDI groups fully support our presumption of moving from communicable to
chronic diseases and, to some extent, validate the construct of our index.

The correlation between two indices is quite strong, yet both have slightly different meanings. The SDI has
been widely described and discussed in the literature!?, and is predominantly addressing societal development
stage. Our proposed index should inform health and social policy makers where to orient health policies in
respective countries to maximize population health gains.

There are several future research and policy possibilities related to ETE index use. It would be interesting to
estimate a kind of cutoff point; what does this mean for population health or a health system in a country if the
ETE index reaches a certain value? For example, could one say that reaching value 1, equalizing numbers of YLD
and YLL lost, means that a country achieved a turning point in terms of switching to a need for more chronic,
compared to acute care? Conducting single-country analysis or comparative multicountry analysis with added
policy and health system changes into timelines could provide answers to this research question. Another future
research direction could be toward analyzing the time lag between changes in the SDI and changes in indices
using the observed/expected ratios for YLD and YLL from the GBD dataset. Analyzing which diseases are
turning faster than others to more YLD, compared to YLL, could also be an interesting research topic. Another
research agenda should be linked to the role of different public health interventions in YLD, as described above.

Limitations
The most important limitation of the ETE index is its simplified background hypothesis. Naturally, using YLD
and YLL as one or one number is risky, as people are dying, for example, due to cardiovascular disease at a young
age and therefore contribute to YLL values. Another example could be mortality caused by injuries, which often
affect young people and contribute substantially to YLL values. On the other hand, there are infectious diseases
that can progress to chronic diseases, such as HIV. Owing to ART treatments, people live many years with HIV,
which has contributed to YLD values. Future work could include classifying disease groups more specifically
according to YLL and YLD contributions and increasing the precision of the ETE index. In this paper we present
only broad disease category analysis (Fig. 5) which is clearly a limitation. Nonetheless, we believe that the recent
level of the index provides a useful tool and, certainly, a good starting point for additional research.

Use of regional or SDI group level analysis instead of individual country analysis is another limitation of the
manuscript.

Using GBD data from 2019 release could be seen as a limitation at present due to missing out the Covid-19
pandemic impact on YLDs and YLLs. However, this limitation is at same time an opportunity for future research
suggesting re-analysis of data after the GBD 2023 will be published.

Conclusions

We developed and presented the first results of a new index, the ETE, based on GBD study data to estimate the
progression of epidemiologic transition. The index shows consistent results across time and across countries.
After additional research on the issues discussed, it could be recommended that health policy makers assess the
level of epidemiologic transition of a country and consider future health and social policy interventions.

Data availability
The source data that support the findings of this study are available from https://vizhub.healthdata.org/gbd-com
pare/. However, downloaded data are available from the corresponding authors upon reasonable request.

Appendix 1: List of countries by region

Central Asia - Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, and
Uzbekistan.

Central Europe - Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Czechia, Hungary, Montenegro, North
Macedonia, Poland, Romania, Serbia, Slovakia, and Slovenia.

Eastern Europe - Belarus, Estonia, Latvia, Lithuania, Republic of Moldova, Russian Federation, Ukraine.
Australasia — Australia and New Zealand.

High-income Asia Pacific — Brunei Darussalam, Japan, South Korea, Singapore.

High-income North America.- Canada, Greenland, USA.

Southern Latin America - Argentina, Chile, Uruguay.

Western Europe — Andorra, Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Iceland,
Ireland, Israel, Italy, Luxembourg, Malta, Monaco, Netherlands, Norway, Portugal, San Marino, Spain, Sweden,
Switzerland, and the United Kingdom.

Andean Latin America — Bolivia, Ecuador and Peru.
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Caribbean - Bahamas, Barbados, Belize, Bermuda, Cuba, Dominican Republic, Grenada, Guyana, Haiti,
Jamaica, Puerto Rico, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad
and Tobago, United States Virgin Islands,

Central Latin America — Colombia, Costa Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Pana-
ma and Venezuela.

Tropical Latin America - Brazil and Paraguay.

North Africa and Middle East — Afghanistan, Algeria, Bahrain, Egypt, Iran (Islamic Republic of), Iraq, Jordan,
Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Sudan, the Syrian Arab Republic,
Tunisia, Turkey, the United Arab Emirates and Yemen.

South Asia — Bangladesh, Bhutan, India, Nepal, and Pakistan.

East Asia - China, Democratic People’s Republic of Korea and Taiwan (Province of China).

Oceania - American Samoa, Cook Islands, Fiji, Guam, Kiribati, Marshall Islands, Micronesia (Federated States
of), Nauru, Niue, Northern Mariana Islands, Palau, Papua New Guinea, Samoa, Solomon Islands, Tokelau,
Tonga, Tuvalu, and Vanuatu.

Southeast Asia - Cambodia, Indonesia, Lao People’s Democratic Republic, Malaysia, the Maldives, Mauritius,
Myanmar, the Philippines, Seychelles, Sri Lanka, Thailand, Timor-Leste, and Viet Nam.

Central Sub-Saharan Africa - Angola, Central African Republic, Congo, Democratic Republic of the Congo,
Equatorial Guinea, and Gabon.

Eastern Sun-Saharan Africa - Burundi, Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi,
Mozambique, Rwanda, Somalia, South Sudan, Uganda, the United Republic of Tanzania, and Zambia.
Southern Sub-Saharan Africa. - Botswana, Eswatini, Lesotho, Namibia, South Africa and Zimbabwe.

Western Sub-Saharan Africa - Benin, Burkina Faso, Cabo Verde, Cameroon, Chad, Cote d’Ivoire, Gambia,
Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Sao Tome and Principe, Senegal,
Sierra Leone, and Togo.
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