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Abstract

Aims—This study aimed at evaluating the age, sex, and country-income patterns in aortic
aneurysm disease burden, analysing trends in mortality and years of life lost (YLLSs), as well
as their causal drivers and risk factors, using the 2017 Global Burden of Diseases, Injuries, and
Risk Factors Study (GBD 2017).

Methods and results—We described the temporal, global, and regional (195 countries) patterns
of aortic aneurysm (thoracic and abdominal) mortality, YLLSs, their drivers [sociodemographic
index (SDI), healthcare access and quality index (HAQ index)] and risk factors using the GBD
1990-2017. Correlation and mixed multilevel modelling between aortic aneurysm mortality,
YLLs, HAQ index and other variables were applied. From 1990 to 2017, a global declining trend
in age-standardized aortic aneurysm mortality was found [2.88 deaths/100 000 (95% uncertainty
intervals, Ul 2.79 to 3.03) in 1990 and 2.19 deaths/100 000 (95% Ul 2.09 to 2.28) in 2017].
Among high-income countries (HICs) a consistent declining Spearman’s correlation between
age-standardised aortic aneurysm mortality, SDI (HICs; 1990 rho: 0.57, < 0.001; 2017 rho: 0.41,
P=0.001) and HAQ index was observed (HICs; 1990 rho: 0.50, £<0.001; 2016 rho: 0.35, P=
0.006); in comparison with low- and middle-income countries where correlation trends were weak
and mixed. At a global level, higher HAQ index was related with lower aortic aneurysm mortality
and YLLs [mortality, coef: —0.05, 95% confidence interval (Cl): —0.06, —0.04; YLLs, coef: —0.94,
95% CI: -1.17, -0.71].

Conclusions—Age-standardized aortic aneurysm mortality declined globally between 1990 and
2017. Globally, age-standardized aortic aneurysm mortality and YLLs were related to changes in
SDI and HAQ index levels, while country-level income-related variations were also observed.

Keywords
Aortic aneurysm; Low- and middle-income countries; Mortality; Years of life lost

Introduction

Aortic aneurysm is defined as a bulge is a vascular condition characterized by aorta’s
segmental dilatation. it can be developed in any week part of the aorta, starting from the
part in the chest (thoracic aneurysm) or in the abdomen (abdominal aneurysm).! Most of the
aortic aneurysms are developed silently without any signs,? a fact that makes the diagnosis
and management of the disease difficult. For example, based on data published in 2003,

it was estimated that 1.5 million Americans had undiagnosed abdominal aortic aneurysm.3
Aortic aneurysms carry the risk of rupture, associated with subsequent high risk for sudden
death and low chances <20% of survival.* Rupture risk is substantially increased once the
size of the aneurysm exceeds 5 cm, and at this stage, physicians along with the patient have
to decide the appropriate treatment and management option, either surgery or conservative
therapy.!
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While ischaemic heart disease and stroke, the leading causes of cardiovascular burden
globally,® draw increasing attention from international policymakers and stakeholders, there
is limited global epidemiological information on the burden of aortic aneurysm disease, even
though this is almost equally lethal as various cancer types, e.g. brain neoplasms.8 Aortic
aneurysms are typically described in the middle-aged population, with higher prevalence
among those over 65 years.3 Currently, the global population is ageing rapidly with the old
(65p years old) and oldest old (90p years old) now being the fastest growing segment in
regions including Europe, Asia, and the USA.” This is accompanied by a parallel increase
in aortic aneurysm mortality. For example, 15000 deaths per year in males over 65 years
old were estimated in the USA.3 Apart from advanced age, other risk factors that have

been related with aortic aneurysm expansion and consequent rupture are smoking, abnormal
arterial pressure and cholesterol levels, as well as previous family history of aneurysm.3

Knowledge on aortic aneurysm epidemiology is mostly based on abdominal aortic
aneurysm, showing a respective occurence that varies between males (2 to 13%) and females
(6%) at the age of 65 and beyond.8 Available data show that back in the 20th century, aortic
disease incidence and mortality increased mostly among high-income countries (HICs).?
Since then, ultrasound screening as well as preventive and health education strategies were
applied, and a relative decline in the 21th century was reported among developed nations.1°
However, the epidemiology of aortic aneurysm has not been well characterized in low-

and middle-income countries (LMICs). In 2013, a cross-national study evaluated abdominal
aneurysm mortality among 19 member states of the World Health Organization,1! showing
that abdominal aneurysm mortality is not declining “globally” (meaning across the analysed
sample of countries) and with a high country variability. Studies from high-income settings
focusing on aortic aneurysm and vascular disease epidemiology do exist,2 but the majority
of these studies were small, used a clinical approach and, for instance, results could not be
generalized to the population level. The Aneurysm Global Epidemiology Study, conducted
some years ago, only included 19 countries, in their majority high-income ones HICs.11
Thus, global information on the epidemiology of aortic aneurysm, including LMICs, is
limited.13

This study aimed at evaluating the age, sex, and country-income patterns in aortic aneurysm
disease burden, analysing temporal levels and trends in aortic aneurysm mortality and years
of life lost (YLLs), causal drivers of changes in aortic aneurysm mortality and YLLs, and
the risk factors of these findings, using 2017 Global Burden of Diseases, Injuries, and

Risk Factors Study (GBD 2017).14.16 To contextualize these patterns, and the effect of
causal drivers and risk factors, we also performed secondary analyses including Spearman
correlation and mixed-effect multilevel regression analysis of aortic aneurysm mortality
and YLLs with societal indicators of sociodemographic index (SDI), country-level income
differences (high-, middle-, and low income) and the healthcare access and quality (HAQ)
index.
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GBD measures, aortic aneurysm mortality, and years of life lost

We used the results of GBD 1990-2017 to evaluate temporal and regional trends in age-
standardized and age-specific : aneurysm mortality and YLLs rates and YLLSs and to assess
age, sex, and country-income temporal patterns of causal drivers and risk factors on a global,
regional, and national scale.1#16 Additional details of methods used to estimate mortality
rates and YLLs, including all other analytic approaches for assessment of relative morbidity
and mortality from individual diseases and injuries, are available in current GBD 2017
publications.®

Aortic aneurysm is among the 10 most common global causes of cardiovascular disease
(CVD)-related mortality. In the GBD, death due to aortic aneurysm was defined based

on the International Classification of Disease (ICD) coding system [(ICD)-9 and (ICD)-10
codes].16 The GBD study 2017 is organized by a geographical hierarchy of seven super
regions consisting of 21 sub-regions, with 195 countries and territories nested within
those sub-regions and this level of hierarchy was used for the local estimation of aortic
aneurysm. The full GBD cause hierarchy, including corresponding ICD-9 and ICD-10
codes,7 is detailed in GBD 2017 publications® on cause-specific mortality, with cause-
specific methods detailed in the corresponding appendices.

GBD estimates aorticaortic aneurysm-specific mortality using standardized modelling
processes—most commonly, the Cause of Death Ensemble model (CoD), which uses
covariate selection and out-of-sample validity analyses and generates estimates for each
location-year, age group, and sex. The GBD cause of death database includes seven types
of data sources. These are vital registration data, verbal autopsy and cancer registries, as
well as police records, sibling history, surveillance, and survey/census data. Information
from countries/territories with complete registration systems was considered to be of high
quality. For countries having incomplete vital registration systems, vital statistics for causes
of death were supplemented with other data types to provide cause-specific estimates. As
reported by the GBD 2017 study, only vital registration data have been used modelling
the cause of death for aortic aneurysm. The exact methodology of the vital registration
data use can be found in the GBD 2017 publications.1® Only the countries that used the
ICD-9 and ICD-10 were included in the GBD data input. Specifically, these were 441—
441.9 for ICD-9 and 171-171.9 for ICD-10. Aortic aneurysm data based on ICD-8 coding
were excluded for discontinuity with the rest of time series as well as data of Oman for
the same reason.18 Additional details, including model specifications and data availability
for each cause-specific model, can be found in the GBD 2017 mortality and causes of
death publications.1® Oman for the same reason” please add: Following the aforementioned
procedure, aortic aneurysm deaths by location, age, year and sex calculated and then were
used in conjuction with the relative reference lifetables for the estimation of the aortic
aneurysm YLLs.
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Socioeconomic, healthcare access and quality indicators as causal drivers; risk factors
estimation and uncertainty levels

To further assess the effects of socioeconomic factors and health system performance on
global/regional health metrics, we employed the SDI and the HAQ index, respectively.

SDI is a composite indicator based upon the country-level income per capita, the average
educational attainment among individuals over age 15, and the total fertility rate among
women under 25. The SDI ranges from 0 to 1.18 Each country’s income level [high (HICs)-,
middle (MICs)-, low (LICs)-] was based on the World Bank’s classification.1®

HAQ index is a composite metric developed following GBD 2016 that is based on
comparative mortality rates for healthcare sensitive diseases, standardized to risk exposure
level, and is meant to quantify the overall performance of health systems. The HAQ index
ranges from 0 to 100.20.21

The GBD 2017 comparative risk assessment (CRA) framework classified all the risk
factors and and the respective risk factor clusters into one of three categories: behavioural,
environmental/occupational, or metabolic. Data on risk factor exposure levels were
identified, and modelled using approaches similar to non-fatal models. Quantitative relative
risk was estimated for each risk-outcome pair, and population-attributable fraction statistics
were calculated using standard GBD CRA methods.18 Risk factors were expressed as
summary exposure values (SEVs) which reflect the measure of a population’s exposure

to a risk factor taking into account the extent of exposure by risk level as well as the
severity of that risk’s contribution to disease burden. SEV score varies from0to 1. A

‘0’ SEV score means that no excess risk for a population exists while a score ‘1’ reflects
the highest risk level. SEV is expressed on a scale from 0 to 100% to reflect the risk-
weighted prevalence.We focused our risk factor analysis (see secondary analysis below) on
specific aortic aneurysm risk factors,11 based on the literature. These were high low-density
lipoprotein (LDL)-cholesterol, high fasting plasma glucose and smoking habits, as defined
by the latest GBD 2017methodology.

It is reported earlier. GBD estimations, we report 95% uncertainty intervals (Uls) derived
from 1000 draws from the posterior distribution of each step in the estimation process. In
difference with confidence intervals (CIs), Uls capture uncertainty from various modelling
steps, and also from sources such as model estimation and model specification, rather than
from sampling error alone. Uncertainty related with mortality and YLLs estimation reflects
sample sizes of data sources, adjustment and standardization methods applied to to the
respective data, parameter uncertainty in in the modelling estimations, and also uncertainty
within the cause-specific mortality models.16

Primary analysis and trends estimation

Aortic aneurysm mortality as annualized rates of change (ARC) was used to compare
trends of mortality across countries between 1990 and 2017. ARCs%, computed as natural
log-transformed (final estimates/initial estimates)/(# of years), were used to compare trends.
Additionally, global, regional (by GBD super regions), and World Bank income level
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age-standardized mortality rates (per 100 000) between 1990 and 2017 were applied, as
univariate trend analysis through time.

Secondary analysis and patterns assessment

Correlation analysis—Associations between age-standardized aortic aneurysm mortality
and SDI and HAQ index were tested by the Spearman’s rho coefficients. The associations
were tested for the years 1990, 1995, 2000, 2005, 2010, 2015, and 2017 among all 195
countries, by sex, and by country-income level (low-, middle-, and high). All ~-values

are based on two-sided tests. A P-value <0.05 was considered as significant. We followed
previously reported criteria?! to classify a correlation as weak (<0.3), moderate (0.4-0.6),
and strong (>0.7) (coefficients are presented as absolute values).

Linear regression mixed model analysis—Mixed-effect multilevel regression models
were carried out to assess whether age-standardised and age-specific aortic aneurysm
mortality and YLLs rates (outcomes) were related with HAQ index (independent variable)
between 1990 and 2017, after adjustment for various confounders. Specifically, the mixed-
effect multilevel model?? was conducted to assess the effect of HAQ index on aortic
aneurysm mortality and YLLs (both sexes estimates), adjusting for the effect of SDI x
HAQ index, smoking habits, high LDL-cholesterol, and high fasting plasma glucose. The
interaction of SDI with HAQ index (SDI x HAQ index) was used based on the literature.?3
The analysis was repeated also by age group (50-69 years old and 70p years old) and by
country-income level. Maximum likelihood estimation was used in the multilevel analysis,
where years were considered the first level of analysis while the countries were considered
as the 2nd level where the observations of the repeated measures were aggregated.
Corresponding p values and 95 Cls are reported. Correlation analyses and linear mixed
model analysis were performed with the base R software and the package gimmTMB.

Role of the funding source

The funder of the study had no role in the study design, data collection, data analysis, data
interpretation, or the writing of the report. All authors had full access to the data in the study
and had final responsibility for the decision to submit for publication.

Results

Primary analysis

Trends in aortic aneurysm age-standardized mortality and YLLs, for both
sexes, by males and females and by country-income level, between 1990 and
2017—Age-standardized estimates of aortic aneurysm-related globally and across across
LMICs, for both sexes in 1990 and 2017, as well as the percent change in mortality over the
period 1990-2017, are shown in Supplementary material online, Table S1 and Figure S1. A
series of countries and territories had positive age-standardized annual percent change in the
aortic aneurysm rate of death. Among them are the regions of central and eastern Europe,
central Asia, north Africa and middle East, Latin America, and the rest of Asia. Among
these regions, the countries with the highest positive annual percent of mortality change
(ARC% between 1990 and 2017) due to aortic aneurysm were among others, Uzbekistan

Eur J Prev Cardiol. Author manuscript; available in PMC 2024 May 22.
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(ARC= 2.90%) and Georgia (ARC= 4.17%), while those with the most negative annual
percent of mortality change were Australia (ARC = -3.34%) and Rwanda (ARC= -3.31%).

Globally, age-standardized aortic aneurysm mortality resulted in 2.88 deaths/100 000 (95%
Ul 2.79 t0 3.03) in 1990 and 2.19 deaths/100 000 (95% Ul 2.09 to 2.28) in 2017. For
females, global age-standardized aortic aneurysm mortality in 1990 was 1.75 deaths/100
000 (95% Ul 1.67 to 1.92), and in 2017, this was 1.41 deaths/100 000 (95% Ul 1.36

to 1.52), while for males, global age-standardized aortic aneurysm mortality was 4.43
deaths/100 000 (95% Ul 4.21 to 4.79) in 1990 and 3.15 deaths/100 000 (95% Ul 2.97

to 3.35) in 2017 (Figure 1). Time trend pattern analysis by GBD super-regions showed

that Central and Eastern Europe and Central Asia had increased overall age-standardized
aortic aneurysm mortality rates between 1990 and 2017 compared to the rest of GBD
super-regions. Similarly, the super-region of sub-Saharan Africa showed a plateau in aortic
aneurysm mortality between 1990 and 2000 and then a decreasing trend until 2017 (Figure
2). Aortic aneurysm mortality patterns by country-income level showed that HICs were
following a profound decline in age-standardized aortic aneurysm mortality rate between
1990 and 2017. However, MICs and LICs followed a slight decline in age-standardized
aortic aneurysm mortality rate which plateaued after 2010. Comparative analysis showed
that the age-standardized trajectory in HICs significantly differs from that in LMICs for the
period 1990-2010 (P for all < 0.0007) (Figure 3).

Worldwide, among the 17 leading cardiovascular causes of age-standardized YLLs rates,
aortic aneurysm declined from 9th in 1990 (51.09 YLLs/100 000, 95% Ul: 49.01-54.52) to
10th in 2017 (38.18 YLLs/100 000, 95% Ul: 36.21-40.00). Even though aortic aneurysm
was in the 10th rank, this was related with higher YLLs burden than other C\VVDs such as
endocarditis, myocarditis, peripheral artery disease (data shown in full detail in the GBD
visualization tool).

Secondary analysis

Correlation patterns between 1990 and 2017, in aortic aneurysm age-
standardized mortality, SDI and HAQ index, by country-income level—Figure
4 presents countries’ temporal correlation coefficients between age-standardized aortic
aneurysm mortality rates and SDI for LICs, MICs and HICs, between 1990 and 2017. A
consistent (but weak) correlation between aortic aneurysm mortality and SDI was observed
(1990 Rho: 0.23, P=0.001; 2017 rho: 0.33, P< 0.001). When focusing on country-income
level, a consistent and suppressed correlation trend was shown, mostly for HICs (1990

rho: 0.57, P<0.001; 2017 rho: 0.41, £=0.001). MICs and LICs showed a correlation
trend which was weak (rho< 0.3). When the univariate correlation analysis focused on the
HAQ index, a consistent and suppressed positive correlation trend was shown across HICs
(1990 Rho: 0.50, A< 0.001; 2016 rho: 0.35, £=0.006), while among LICs and MICs
reversed correlation trends were reported (although not consistently significant) (Figure 4A
and B). Stratified analysis between age-standardized aneurysm mortality, SDI and HAQ
index, by males and females, showed similar trends as the above-mentioned analysis among
the different country-income levels (Supplementary material online, Figures S2 and S3).
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Causal drivers and risk factors in relation with aortic aneurysm mortality and
YLLs, by country-income level and by age-specific groups, between 1990 and
2017—1In order to further explore the relation between the aforementioned drivers, other
factors and aortic aneurysm mortality and YLLs rates, go beyond univariate correlation
analysis, mixed-effect multilevel regression analysis was conducted, adjusting for various
factors. Specifically, in Table 1, after adjusting for all confounders, age-standardised aortic
aneurysm mortality and YLLs were inversely related with HAQ index (mortality, coef:
-0.05, S.E: 0.01, 95% CI: —-0.06, —0.04; YLLs, coef: —0.94, S.E: 0.12, 95% CI: -1.17,
-0.71). The simultaneous effect of SDI and HAQ index revealed a synergistic effect with
both age-standardised aortic aneurysm mortality and YLLs (mortality, coef: 0.04, S.E:
0.01, 95% CI: 0.03, 0.05; YLLs, coef: 0.72, S.E: 0.11, 95% CI: 0.50, 0.94), showing the
magnitude of the effect of sociodemographic level on the aforementioned relationships.

In addition, high LDL-cholesterol, smoking habits and high fasting plasma glucose were
positively related with age-standardisedage-adjusted aortic aneurysm mortality and YLLS.

Table 2 presents the relationship between aortic aneurysm (age-adjusted mortality and
YLLs: rates) and various factors, by country income-levels, applying mixed-effect multilevel
regression analysis. It was shown that the inverse effect of HAQ index on age-standardised
aortic aneurysm YLLs was almost double among LICs, in comparison with HICs and
MICs. A similar but synergistic country-income level trend was shown for the interaction
of SDI and HAQ index on aortic aneurysm age-standardized YLLs - A relation that was
confirmed when SDI was inserted in the model as tertiles (data not shown in text). Risk
factors were positively related with increased aortic aneurysm YLLs among HICs and
MICs but no relation was observed among LICs. In addition to the above-mentioned,
HAQ index was inversely related with lower aortic aneurysm age-standardized mortality
rates among all country-income levels, between 1990 and 2017, while its interaction with
SDI was synergistically related with aortic aneurysm mortality among high-, middle-, and
low-income countries.

Stratified mixed-effect regression analysis was also applied for those within the age groups
of 50-69 years and =70 years. In Table 3, the magnitude (inverse) effect of HAQ index

on specific-age aortic aneurysm mortality and YLLs: rates was higher among older adults
(70+ years old) compared to the age group of 50-69 years. Similarly, SDI x HAQ index,
high LDL-cholesterol, and smoking habits showed higher coefficients in the group of older
adults. High fasting plasma glucose was not related with aortic aneurysm mortality and
YLLs among those aged =70 years.

In Table 4, further stratification by country-income levels were applied to capture differences
in income driven trends, between 1990 and 2017, for the 50-69 and 70+ age groups. For the
population 50-69 years old, HAQ index showed similar patterns as those previously reported
in Table 2, however with no significance among HICs. The case was different for the age
group of older adults where a consistent relation was observed among all country-income
levels. The magnitude of the effect of the HAQ index on aortic aneurysm mortality and
YLLs was greatest for the population 70+ years old, across HICs and LICs.
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Discussion

The first main result of our analysis was, in terms of global, regional, and national trends
between 1990 and 2017, an increase in a gest and ardized ARC% of aortic aneurysm
mortality of almost 29% of the sample. The majority of them were LICs and MICs, located
in America. Second, global age-standardized mortality trajectories for the entire sample

as well as for males and females declined between 1990 and 2017. Third, trend analysis

by country-income levels showed that, except for HIC regions that showed a declining
trajectory between 1990 and 2017, there were declining trajectories in age-standardized
mortality rates among LMICs, but those stagnated after 2010. Fourth, our secondary analysis
showed a consistent but suppressed correlation between age-adjusted aortic aneurysm
mortality, SDI and HAQ index, among HICs, for 1990 to 2017. Fifth, our multi-level mixed
modelling analysis showed that countries’ HAQ index system is the most consistent and
protective driver against aortic aneurysm mortality and YLLs across all country-income
levels. The magnitude of the association between HAQ index system with aortic aneurysm
mortality and YLLs was particularly pronounced among LICs which was almost equal to
that of HICs. Sixth, when mixed model analysis was stratified by specific age groups, the
population beyond 70 s seems to acquire a survival benefit of 6 years (reflecting the decline
in YLLS), if a better healthcare system is established in regional area of residence, which is
doubled among LICs and HICs. Finally, smoking habits and high LDL-cholesterol were the
risk factors that were significantly associated with increased aortic aneurysm mortality and
YLLs among HICs and MICs but not among LICs.

Our main findings signal to diversity of areas that merit discussion. In the following
paragraphs, we will address aortic aneurysms’ mortality and YLLs trends (globally,
regionally, by sex, age groups, and country-income levels), their univariate and adjusted
relation with social and healthcare drivers as well as with metabolic and behavioural risk
factors. We address these topics due to the scarcity of information on the epidemiology of
aortic aneurysm as well as on its silent and multi-factorial and multi-dynamic nature.

Our results regarding gender and global trends are in line with the literature, with males
reporting higher aortic aneurysm rates than females.24 Also the applied geographical
analysis showed that various countries located in central Europe, Asia, northern Africa and
middle East and Latin America, had a positive age-standardized ARC% of aortic aneurysm
mortality rate. This is a regional pattern of agest and ardized ARC% mortality rate which
follows previous and current reported trends.125 Qur results are in line with the Aneurysm
Global Epidemiology study and others that found that abdominal aortic aneurysm mortality
is declining in most developed countries, however with much regional variations.1:26 Based
on our analysis, Georgia was the country with the highest positive age-standardized ARC%
mortality due to aortic aneurysm in these 27 years, while Australia was the one with the
highest declining ARC%. Due to limited age-specific national and global data on both
abdominal and thoracic aortic aneurysm mortality, adequate comparisons among the results
and estimations from previous studies were limited. Analysis of trajectories by GBD-super-
regions showed a sharp declining trend in age-standardized aortic aneurysm mortality after
2000, among sub-Saharan populations. This may be attributed to the chronic disease and
especially CVD screening strategies planned in early 2000s in this region.2’ In addition, we
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found that, since 1990, age-standardized aortic aneurysm mortality trajectories continue to
increase in central, eastern Europe and central Asia. This finding may be related to changes
in diagnostic strategies and adaptations in registration of death certificates,2® but could

also be due to specific risk factors. This, together with the fact that there is lack of aortic
aneurysm diagnosis and screening, low healthcare budget allocations, and limited aortic
aneurysm surgical repair options in some settings, calls for changes and enhancements in
vascular health preventive strategies and aortic aneurysm treatment/management in specific
regions of Europe?® and Asia.30

Within the past years, there has been increased attention within the scientific community

on the complex pathophysiological and clinical mechanisms of aortic aneurysm.3! However,
until today, there are limited data and research on global, regional, and temporal population-
based social and healthcare drivers that could be related with aortic aneurysm mortality

and disease burden. Sociodemographic drivers and quality/availability of healthcare services
have been reported to be strongly related with various chronic diseases and mostly

with CVD established diseases.32:33 Our analysis showed a declining trajectory of age-
standardized mortality in high-income regions, but with mixed patterns among low- and
middle-income regions. This could be attributed to the well-known relation between high-
income regions, SDI, government health expenditure and targeted health screening and
education strategies (e.g. among smokers), as has been described in the literature.3* Trends
in age-standardized mortality among LMICs appeared to be stagnated after 2010. A fact that
could be explained from the degree of effectiveness of cardiovascular health promotion
strategies, risk factors intervention and availability of cardiovascular medicines among
LMICs.35:36 To further analyse the effect of some of these drivers, SDI and HAQ index
univariate spearman’s correlation analysis between SDI, HAQ index and aortic aneurysm
mortality was applied. Our analysis showed that higher SDI and HAQ index levels were
consistently related to suppressed trends in age-standardized aortic aneurysm mortality
among high-income regions (however results were mixed and not-consistent among the rest
of the regions). As has been reported recently, low income and low educational levels are
related with increased risk of abdominal aortic aneurysm rupture.3” These data can benefit
first the enhancement of vascular health education at the individual level and second can
help regional stakeholders to better organize aortic aneurysm and vascular health preventive
policies, interventions38 and healthcare system planning especially among low- and middle-
income regions.

When linear multilevel regression analysis adjusted for all confounders was applied, HAQ
was inversely related with age-standardized aortic aneurysm mortality and YLLs. A result
that was consistent across all regions and country-income levels. It was shown that among
low-income regions, higher HAQ could be related with a 2-year survival benefit from
aortic aneurysm. At the same time, the interaction of SDI and HAQ index showed positive
interrelation with age-adjusted aortic aneurysm mortality and YLLSs, illustrating the strong
role of sociodemographic determinants. To the best of our knowledge, these findings are
reported for the first time on a global and by country-income level scale. It is well-known
that open and endovascular surgery options are used as interventional options for aortic
aneurysm with high risk of rupture.#9 However, this treatment encompasses a high cost and
often is applied among advanced healthcare and HICs settings.3”41 Among LICs and MICs,
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this could pose a major public health concern due to the low availability of health resources
and the increase in ageing population in these settings.’ If HICs with advanced health care
systems are failing to diagnose this salient and lethal disease, while fatality remains high,
there may exist a disadvantaged situation in many LMICs.

Following literature in clinical cardiology, it is known that aortic aneurysm cases are
increasing particularly for the population over 50 years old,3 however epidemiological
information especially among low- and middle-income regions is scarce. For this reason,
the aforementioned multilevel regression analysis was stratified for those age 50-69 years
old and 70+ years in the entire sample and stratified by county-income level. The survival
benefit of better HAQ (as reflected by HAQ index) was more pronounced in the group

of 70+. Similar results were shown when analysis was stratified by country-income level,
where a survival benefit of almost 12 YLLs could be gained among 70+ populations residing
in low- and high-income regions. To this end, cardiovascular-related healthcare services
could be redeveloped, having as a common goal early detection and clinical management of
aortic aneurysm disease in the community.42

It is well known that mostly behavioural and metabolic risk factors are associated with aortic
aneurysm diagnosis, development and rupture,11 and for this reason, our applied mixed
model analysis was controlled for several of these risk factors. The results of the multilevel
analysis on age- and specific age-standardized aortic aneurysm mortality and YLLs were

in line with previous clinical and epidemiological studies in the field.*3 Smoking and LDL-
cholesterol were the strongest risk factors for aortic aneurysm burden especially for high-
income regions and for the populations 70p years old. Apart from that, in our analysis, we
also observed a risk factor variation specifically in LICs, where the aforementioned factors
were not significant. This difference could also be explained by the proportion of population
remaining undiagnosed for aneurysm and/or lack of information on vascular disease risk
factors among L1Cs.#4 Information on cardiovascular risk factors are particularly scarce
among LMICs.*® Furthermore, the effect of smoking and high LDL-cholesterol on aortic
aneurysm burden reveal deficiencies in the establishment or implementation of targeted
cardiovascular health policies indicating that behavioural health policies encompassing
smoking cessation and nutrition education need enhancement at the community level.

All the above-mentioned indicate the necessity for early and sustainable vascular disease
prevention, population cardiovascular health education, and enhancement of cardiovascular
and other chronic disease screening strategies with a specific focus on MICs and LICs.

The findings of our work have a triple set of policy implications. Frist, it will help LMICs
to plan, develop, and implement aortic aneurysm management, screening and intervention
programmes in order to address and reduce further the disease burden. Second, it will help
high-income regions to enhance even more their current preventive strategies and healthcare
services focusing on vascular health.

Strengths and limitations

This is the first study of its kind using the GBD 1990-2017 data analysing the mortality
related to aortic aneurysm, YLLs and its risk factors, globally. All limitations of the GBD
2017 publications are also applicable to this study,'8 mostly the challenges of capturing
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sources of uncertainty, lags in data availability, variation in coding practices and other
biases, and limitations of existing analytical tools, which may not fully capture temporal
trends in aortic aneurysm mortality and disease burden. For 1990-2017, available data
sources for the GBD population included, among others surveys, censuses adjusted and
unadjusted, and WHO vital registration systems. Additional limitations that could alter the
presented findings are: (i) the difficulty to distinguish between aortic dissection (which often
develop secondary aneurysms) and thoracic as well as abdominal aortic aneurysms; (ii) the
sudden nature of aortic aneurysm rupture could make the cause of death to be categorized
as general cardiac death. Another limitation is that the data analysis could not adjust for
other factors influencing aortic aneurysm population mortality and YLLs (due to the GBD
study’s population based nature), such as variance in genetic factors, adherence to specific
medication (e.g. antihypertensives), changes in the treatment and different type of aneurysm
surgery repair that could also alter the presented estimations.

Conclusion

Globally, a declining trend on age-standardized aortic aneurysm death rates between 1990
and 2017 was observed, with males showing higher rates of aortic aneurysm mortality

than females. Age standardised aortic aneurysm mortality is declining among high-income
territories, while a more trend was observed in low- and middle-income areas after 2010.
HAQ index was among the main drivers of aortic aneurysm mortality and YLLs between
1990 and 2017 globally, by country-income level and by age group (50-69 and 70+ years
old). Smoking and LDL-cholesterol were the risk factors which showed the most consistent
effects on aortic aneurysm mortality and YLLs. These estimates provide useful insights to
guide policymakers, especially in LMICs, promoting vascular health.
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Figure 1.
Global age-standardized aortic aneurysm mortality rates for both sexes, and by males and

females between 1990 and 2017.
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Figure 2.
Age-standardized aortic aneurysm mortality rates for both sexes, by GBD super-regions,

between 1990 and 2017.
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Figure 3.
Age-standardized aortic aneurysm mortality rates for both sexes, by country-income levels,

between 1990 and 2017. HICs, high-income countries; LICs, low-income countries; MICs,
middle-income countries. Comparisons between HIC vs. LICs and MICs for the period
1990-2010 were significant (£ < 0.0007).
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Sociodemographic index; HAQindex: Healthcare access and quality index.
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