International Journal of Epidemiology, 2024, 53(1), dyad183
https://doi.org/10.1093/ije/dyad183

Original Article

|IEA©

International Epidemiological Association

OXFORD

Original Article

Towards closing socio-economic status disparities in
COVID-19 premature mortality: a nationwide and trend
analysis in Chile

Lea Maureira,’ Cinthya Urquidi
Patricia Matus?

,>* Alejandro Sepulveda-Penaloza,? Mario Soto-Marchant® and

'Instituto de Ciencia e Innovacion en Medicina, Universidad del Desarrollo, Santiago, Chile, 2Departamento de Epidemiologia y Estudios en
Salud, Universidad de los Andes, Chile and *Escuela de Tecnologia Médica, Facultad de Salud y Odontologia, Universidad Diego Portales,
Santiago, Chile

*Corresponding author. Departamento de Epidemiologia y Estudios en Salud, Facultad de Medicina, Universidad de los Andes, San Carlos de Apoquindo
#2200, Las Condes, Santiago 7550000, Chile. E-mail: curquidi@uandes.cl

Abstract

Background: Socio-economic status (SES) disparities in coronavirus disease 2019 (COVID-19) mortality have been reported but complete
information and time trends are scarce. In this study, we analysed the years of life lost (YLL) due to COVID-19 premature mortality during the
pandemic in Chile and its evolution according to SES and sex compared with a counterfactual scenario [cerebrovascular accidents (stroke)].

Method: We used Chile’s national mortality databases from 2020 to 2022. YLL and age-standardized YLL and mortality rates by sex and by
epidemic waves were determined. The 346 communes were stratified into SES groups according to their poverty index quintile. Negative
binomial regression models were used to test trends.

Results: In >2 years of the pandemic, the COVID-19 YLL was 975937, corresponding to 61 174 deaths. The YLL rate per 100 000 inhabitants was
1027 for males and 594 for females. There was a heterogeneous distribution of YLL rates and the regional level. Communes in the most advantaged
SES quintile (Q5) had the highest YLL during the first wave compared with those in the lowest SES quintile (Q1) (P< 0.001) but the opposite was
true during the second wave. COVID-19 YLL trends declined and differences between Q1 and Q2 vs Q5 converged from the second to the fourth
waves (0.33 and 0.15, Pyeng< 0.001 and Pyeng= 0.024). YLL declined but differences persisted in stroke (-0.002, Pyeng=0.979).

Conclusions: COVID-19 deaths resulted in a higher impact on premature death in Chile, especially in men, with a heterogeneous geographic
distribution along the territory. SES and sex disparities in COVID-19 premature mortality had narrowed by the end of the pandemic.
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Key Messages

* We analysed the years of life lost (YLL) due to coronavirus disease 2019 (COVID-19) premature mortality and its evolution according to
socio-economic status (SES) and sex during the pandemic in Chile.

¢ COVID-19 mortality during the pandemic in Chile resulted in 975000 YLL due to premature mortality, with a heterogeneous geographical
distribution. Sex and SES disparities gradually narrowed until the end of the pandemic compared with those in a counterfactual scenario
[cerebrovascular accidents (stroke)].

* This study provided valuable information on identifying vulnerable groups to target response plans against possible new communicable
epidemics and raised new hypotheses about closing disparities, thus contributing to public policy precision.

Introduction
The coronavirus disease 2019 (COVID-19) pandemic was re-

(NCDs).? Previous evidence has shown that this could be the
same for COVID-19 mortality,*” as people living in disadvan-

sponsible for >6.5 million deaths worldwide as of October
2022," resulting in a devastating impact due to premature mor-
tality. The 1.23 million COVID-19-related deaths during 2020
in 81 countries triggered 20.5 million years of life lost (YLL),
which was two to nine times higher than the average YLL asso-
ciated with seasonal influenza.? Socio-economic status (SES) dis-
parities in all-cause premature mortality are well documented in
many countries, especially for non-communicable diseases

taged areas are overexposed to severe acute syndrome coronavi-
rus 2 (SARS-CoV-2), are at higher risk of comorbidities
associated with COVID-19 mortality and have less access
to healthcare.

Chile is a Latin American country that has had rapid eco-
nomic development during past decades but this has been dis-
proportionately distributed along the territory. Consequently,
substantial health inequalities and disparities, including NCDs,
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persist.® The country has a mixed healthcare system, public and
private, and the population health coverage and financial pro-
tection in both still lag behind the average of Organization for
Economic Cooperation and Development countries.”

Unlike prevention programmes for NCDs, the policy re-
sponse to the pandemic was relatively unified in Chile, integrat-
ing private and public health systems with important and
internationally recognized milestones, such as restrictive and
mandatory healthcare measures, higher rates of mass testing'®
and successful vaccination rollout and coverage rates.'"'* From
the first COVID-19 case on 3 March 2020 until 31 October
2022, the country faced four waves of COVID-19, recording
>4.7 million infected patients and 61178 related deaths."
COVID-19-related deaths have since decreased substantially,
remaining stable in recent months despite emerging new cases.
A few previous studies reported SES disparities in COVID-19
mortality but only in specific geographical areas or during only
the first year of the pandemic.'®'> Thus, to the best of our
knowledge, there has not been a complete evaluation of the im-
pact of COVID-19 on premature mortality and SES disparities,
and its evolution.

In this study, we aimed to quantify the YLL attributable to
COVID-19 at national and subnational levels for the entire
pandemic in Chile, as deaths at younger ages have a major
impact on population health, and to analyse YLL evolution
according to SES and sex across epidemic waves compared
with the evolution of selected NCDs to find disparities and
whether they have changed over time.

Methods

This study used national mortality databases from the
Department of Health Statistics and Information (DEIS, by its
acronym in Spanish) of the Chilean Ministry of Health, free
and anonymously available (www.deis.cl). Consequently, this
study did not require ethics approval or other administrative
permissions.

DEIS systemically records age-disaggregated causes of death
based on the International Classification of Diseases, 10th
Revision guidelines (ICD-10). These are high-quality mortality
databases because DEIS verifies information from death certifi-
cates and standardizes their records according to World Health
Organization (WHO) recommendations,'® with previously
demonstrated high reliability."” Mortality databases also in-
volve demographic information such as age, sex, date of death,
place of residence and place of death.

We included ICD-10 codes U07.1 (‘COVID-19, virus identi-
fied’) and U07.2 (‘COVID-19, virus not identified’) correspond-
ing to fatalities associated with COVID-19. As laboratory
capacity was scarce in the initial stages of the pandemic in
Chile, U07.2 was the most-used epidemiological criterion. Data
on age, sex, date of death and place of residence were also in-
cluded in the analysis.

Chile is territorially divided into three administrative lev-
els: 16 regions, subdivided into 56 provinces and 346 com-
munes. Regional and commune levels were considered for the
subnational-level analysis.

COVID-19 pandemic study period and waves

The pandemic study period was from 3 March 2020 to 31
October 2022. It was divided into four epidemic waves as fol-
lows: the first wave was from 3 March to 10 October 2020;
the second was from 1 November 2020 to 30 September
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2021; the third was from 1 October 2021 to 30 April 2022;
and the fourth wave was from 31 April to 31 October 2022.
The criterion was based on the lowest points of the graphical
behaviour of the epidemic curve in Chile, as reported by the
Chilean Ministry of Health.'?

YLL calculation

YLL is an accurate metric broadly used to analyse the impact
of premature mortality as it reveals actual years lost due to
dying earlier than expected.'® Absolute YLL was calculated
based on Global Burden of Diseases (GBD) methodology,"®
which is the difference between the age at death of each indi-
vidual and the standard life expectancy (SLE). At the popula-
tion level, the absolute number of YLL for a particular sex
and SES group was multiplied by the SLE at the age of death
for the same group. We used the GBD SLE tables 2013-16
and 1990 for total YLL estimation and by sex stratification,
respectively.'® For SES stratification, life expectancy tables
were based on recently published SES data for Chile."”

The age-standardized YLL and mortality rates per 100000
inhabitants were calculated using the direct standardization
method and the WHO reference population to make reliable
comparisons and complement YLL interpretation. Population
projections based on the 2017 Chilean Census of the National
Institute of Statistics were used for rate denominators.

COVID-19 YLL trends by communal SES and sex

The 346 communes of Chile were stratified into four SES
groups according to their poverty index quintile distribution;
thus, Quintile 1 (Q1) had the highest poverty level and
Quintile 5 (QS5) had the lowest. The poverty index was
extracted from poverty estimates published for free access by
the Ministry of Social Development of Chile, updated
to 2020.

To build a counterfactual scenario for SES and sex dispar-
ities in COVID-19 premature mortality, YLL for cerebrovas-
cular accidents (stroke, ICD-10 164) was calculated as these
are non-chronic events related to SES inequalities before the
pandemic.'”*° Moreover, the Chilean health system did not
suffer significant lags in caring for these patients during
the pandemic.

Statistical analysis

Absolute YLL and age-standardized YLL and mortality rates
were described considering the entire pandemic by sex at na-
tional and regional levels. The age-standardized YLL rate
was only at the national level by sex and epidemic waves due
to low mortality records in some strata.

YLL and stroke trends were estimated using the multivari-
ate negative binomial regression models as follows:

In(E[V|t]) = PO+ Blt+In (Pt) (model 1)
In(E[V]t, x]) = PO+ p1t+ P2x +In(Pt) (model 2)
In(E[V]t,x]) = B0 + P1t+P2x + ytx + In(Pt) (model 3)

where (E[V]t]) is the expected value of the YLL or stroke rate
for COVID-19 epidemic wave ¢ (¢=1, 2, 3 and 4); (E[V]¢, x])
is the expected value of the YLL or stroke rate for epidemic
wave ¢ and at the explanatory variable x (sex or quintile dis-
tribution of SES), which were introduced into models as cate-
gorical variables (Q5 and female were the reference groups).
The offset term In(Pt) is the population aged 0-79 years at
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wave ¢ for each age—sex group described previously. Negative
binomial models were preferred over Poisson models due to
overdispersion and were expected to vary in different subsets
of the data.

In the three models, coefficient B0 is the model intercept. In
Model 1, coefficient B1 estimates the overall YLL in each epi-
demic wave; thus, the last wave was introduced as a categori-
cal variable and the first was introduced as a reference group.
In Model 2, coefficient B2 tests the difference in explanatory
variable x. Positive and negative coefficients mean that the
YLL or stroke rate is higher or lower in one group compared
with the reference group. Coefficient yzx in Model 3 is the in-
teraction term between epidemic waves and x, testing
whether the trends have parallel or different slopes. Thus, a
significant coefficient means that slope trends converge or di-
verge, and non-significance implies that they are parallel
(coefficients B and y are vectors to the SES variable). For
Models 2 and 3, the epidemic wave was introduced as a dis-
crete variable.

YLL and stroke rates were modelled as the calculated YLL
for each year of age on a discrete scale; consequently, age stan-
dardization was unnecessary. To test transversal differences of
YLL by sex and SES at each epidemic wave, YLL estimated by
using models were compared using the Student’s #test, assum-
ing an asymptotic normal distribution. Significance was set at
P < 0.05 to test trends and group comparisons. YLL estimate
trends with 95% CIs were analysed and graphed using R Studio
version 4.1.0 and Tableau Desktop version 2022.2.0
(Universidad del Desarrollo license).

Results

From 3 March 2020 to 31 October 2022, 793 778 fatalities
were recorded in the Chilean nationwide database and there
were 61174 COVID-19-related deaths for all years of age,
corresponding to 975937 YLL attributable to COVID-19.
The age-standardized mortality and YLL rates were 68.9 and
1247.1 per 100000 inhabitants, respectively. Regarding sex
distribution, the age-standardized mortality and YLL rates
were nearly double in males compared with females (e.g.
1331.4 in males and 874.1 in females). The highest age-
standardized mortality and YLL rates were observed during
the first and second COVID-19 epidemic waves, which oc-
curred in 2020. For instance, the age-standardized YLL rate
was 1211 per 100000 inhabitants in the first COVID-19
wave, 968.5 in the second wave, and 232.3 and 173.3 per

100000 inhabitants in the third and fourth waves, respec-
tively (Table 1).

Subnational premature mortality and mortality
related to COVID-19

Figure 1 shows the geographical distribution of age-
standardized YLL rates at the regional level and stratified by
sex. For the study period and both sexes, all regions of Chile
have lost years of life due to COVID-19 premature mortality.
However, the highest YLL rates were in three regions of the
northern zone of Chile (Arica, Tarapacd and Antofagasta),
the Metropolitan Region (which is in the central area of the
country) and a region of the southern zone of Chile
(Magallanes), were similar according to sex distribu-
tion (Figure 1).

In Supplementary Table S1 (available as Supplementary
data at IJE online), the number of COVID-19-related deaths,
age-standardized mortality rate, absolute YLL and age-
standardized YLL rate are reported at the subnational level
and by sex. The subnational patterns of COVID-19 mortality
rates were consistent with YLL patterns.

YLL trends by communal SES and sex

The YLL attributable to COVID-19 and stroke increased from
the first to the second epidemic wave, subsequently declining to
the fourth. The estimated coefficient slope of increment was
0.43 (P<0.001) for COVID-19 and 0.14 for stroke
(P=0.0158). The decline from the second to the fourth wave
was —1.47 (P<0.001) and -0.41 (P <0.001) for COVID-19
and stroke, respectively (Figure 2 and Supplementary Table S2,
available as Supplementary data at IJE online).

Model 2 in Table 2 showed differences in YLL estimates in
COVID-19 and stroke according to the communal SES quin-
tile distribution. After adjusting for epidemic waves, COVID-
19 YLL estimates were higher in communes with a higher
level of poverty (Q1: 0.27, P <0.001, Q2: 0.14, P < 0.001,
Q3: 0.15, P<0.001) than in those with the lowest level of
poverty (Q5). Similarly, there were differences in YLL esti-
mates for stroke, but with higher coefficients (Q1: 0.85, Q2:
0.48, Q3: 0.27 vs Q5, P <0.001). There were no differences
between Q4 and QS for COVID-19 and stroke.

During the first epidemic wave, communes with the lowest
poverty quintile (Q5) had the highest COVID-19 YLL estimates
and communes with the highest poverty level (Q1) had the low-
est COVID-19 YLL (P < 0.001); this pattern was the opposite
in the second epidemic wave (P < 0.001). Meanwhile, there

Table 1. Mortality and premature mortality attributable to COVID-19 from 3 March 2020 to 31 October 2022 in Chile by sex and epidemic wave

Chile? Male® Female®

Number  Mortality Absolute YLL  Number Mortality Absolute YLL  Number Mortality Absolute YLL

of deaths rate® YLL rate®  of deaths rate® YLL rate®  of deaths rate® YLL rate®

Total 61174 68.9 975937 1247.1 33865 89.8 476060 1331.9 27309 52.6 362412 874.4
Epidemic wave?

Wave 1 19260 67.6 309359 1211.0 10948 90.3 154665 1324.8 8313 49.8 110409 813.7

Wave 2 29077 50.7 493309 968.5 16149 65.7 243014 1037.0 12931 38.9 183679 681.4

Wave 3 9248 14.7 125827 232.3 4882 18.9 57237 237.5 4366 11.8 49392 171.2

Wave 4 3589 11.2 47442 173.3 1890 14.3 21144 173.4 1699 8.9 18932 131.9

YLL, years of life lost.
?  Age-standardized rate per 100 000 inhabitants.

Estimated using the Global Burden of Disease (GBD) Standardized Life Expectancy (SLE) tables.

¢ Estimated using GBD 1990 SLE tables.
4" Estimated using GBD 2013-16 and 1990 SLE tables.
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Figure 1. COVID-19 age-sex standardized years of life lost (YLL) rates from 3 March 2020 to 31 October 2022 at the subnational level (regions) and by
sex in Chile
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Figure 2. Years of life lost (YLL) rate trends across epidemic waves for COVID-19 and stroke

were no differences between Q2 and Q3 (P=0.291) and Q4  distribution, slope trends converge across epidemic waves for
and QS (P =0.140) (Figure 4). COVID-19 (coefficients interaction term 0.33, Pgeng <

Figure 3 and Model 3 in Table 2 show the YLL estimate 0.001), but were parallel for stroke (coefficient interaction
trends for COVID-19 and stroke according to communal SES terms 0.0005, Pieng = 0.979 in Model 3). Similar results
groups. Comparing YLL trends of Q1 to QS5 poverty  were found for Q2 vs QS (coefficient interaction terms 0.15,
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Table 2. Negative binomial regression model for YLL trends estimates by sex and communal SES
Model 2 Model 3
COVID-19 Stroke COVID-19 Stroke
Coefficient P Coefficient P Coefficient P* Coefficient P*
Sex
Epidemic waves -0.57 <0.001 -0.15 <0.001 -0.62 <0.001 -0.15 <0.001
Male (female reference) 0.32 <0.001 0.26 <0.001 0.56 <0.001 0.28 0.005
Male*wave interaction term - - - - 0.10 0.012 -0.01 0.827
Communal SES
Epidemic waves -0.57 <0.001 -0.15 <0.001 -0.68 <0.001 -0.16 0.0001
SES (QS reference)
Q1 0.27 0.001 0.85 <0.001 -0.52 0.007 0.84 <0.001
Q2 0.14 0.052 0.48 <0.001 -0.21 0.216 0.45 0.009
Q3 0.15 0.043 0.27 <0.001 -0.03 0.844 0.19 0.251
Q4 -0.09 0.224 0.10 0.121 -0.40 0.017 0.09 0.596
QS5*wave interaction term
Ql*wave - - - - 0.33 <0.001 -0.002 0.979
Q2*wave - - - - 0.15 0.024 0.001 0.884
Q3*wave - - - - 0.08 0.255 0.028 0.652
Q4*wave - - - - 0.13 0.038 0.004 0.948
Q1-Qs, socio-economic Quintiles 1-5; SES, socio-economic status; YLL, years of life lost.
P trend for the interaction terms.
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Figure 3. Years of life lost (YLL) rate trends across epidemic waves and by communal socio-economic status (SES) quintile distribution for COVID-19

and stroke

Piena= 0.024) and Q4 vs QS5 (coefficient interaction terms
0.13, Pyena= 0.038). YLL slope trends were parallel for
stroke (Model 3 in Table 3 and Figure 3). Supplementary
Figure S1 (available as Supplementary data at IJE online) dis-
plays each quintile SES distribution with its 95% CI.
Independently of epidemic waves, there were differences in
YLL according to sex for COVID-19 and stroke. For both
conditions, the estimated YLL was higher in males than in

females (coefficient 0.32, P < 0.001 for COVID-19; coeffi-
cient 0.56 in stroke, P < 0.001 for stoke) (Table 2, Model 2).
Compared with those in females, YLL trends in males
declined and converged across the epidemic waves in
COVID-19 (coefficient interaction term 0.10, Pyeng= 0.012);
however, this pattern was parallel in YLL for stroke (coeffi-
cient interaction term —0.01, Pgeng= 0.827; Model 3 in
Table 2 and Figure 4).
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Figure 4. Years of life lost (YLL) rate trends across epidemic waves and by

Discussion

Our results revealed a substantial impact of COVID-19 mor-
tality during almost 3 years of the pandemic in Chile. The
61174 COVID-19-related deaths resulted in 975000 YLL
due to premature mortality, i.e. 15.9 years lost per person
who died of COVID-19, and males were most affected. These
findings were similar to other reports, with similar sex distri-
bution.?"** For example, during the first year of the pan-
demic, 16 YLL per person were reported in 81 countries and
21 YLL per person were reported in 2 years of the pandemic
in Malaysia.*

There were subnational geospatial variations in YLL. The
northern and extreme south and the most populated regions
(Metropolitan Region) were most affected, highlighting the
importance of timely access to health services, early diagnosis
and treatment in extreme areas. Geographical disparities may
be explained by the fact that these regions are the main bor-
der points in Chile and the first COVID-19 detected case was
in the Metropolitan Region. Social and individual isolation
was mandated in Chile to reduce mobility and limit SARS-
CoV-2 transmission, accompanied by various fines and sanc-
tions to ensure compliance. Unlike in other countries, decon-
finement was gradual according to the epidemiologic
situation of smaller geographic areas. Thus, outbreaks in
most affluent areas in the first wave could be controlled in
the subsequent waves. Social and environmental factors that
influence subnational variations were reported in some stud-
ies.®?* In Brazil, a subnational difference was found in YLL
in different states due to racial differences.** Additionally, a
multi-city international study showed that low temperatures
in the south of Chile and low absolute humidity in the north-
ern regions increased the incidence of the disease.”’

After the study period, new cases continued to emerge, but
mortality dropped sharply. Although SES disparity was

sex for COVID-19 and stroke

marked at the initial stage of the pandemic, interestingly, it
gradually narrowed until the end of the pandemic. Similarly,
results were recently reported in Barcelona but only in the in-
cidence of COVID-19 cases.”® In contrast, disparities in
COVID-19 YLL by area deprivation were exacerbated from
2020 to 2021 despite high vaccine coverage in Scotland.””
Although multiple factors can explain these findings, i.e. the
natural history of diseases or confounding factors, having
used a counterfactual comparison allow us to hypothesize
that the centralized management of the pandemic in Chile
may explain this gap closure, which includes equal access to
testing and healthcare, with particular attention on rapid ac-
cess to vaccines and high vaccination coverage rates.
Moreover, the Chilean Ministry of Health established a na-
tional and centralized public and private management plan
for intensive healthcare beds to provide respiratory assis-
tance, independently of the patient’s health insurance status
and set healthcare price.”®

The main strength of this study is that we used high-quality
national mortality databases for our analysis because the
DEIS standardizes them. This study included the entire
COVID-19 pandemic in Chile, including subnational analy-
sis, in order to have a more complete and comprehensive un-
derstanding of the impact of the COVID-19 pandemic. A
counterfactual scenario was used to compare the evolution of
COVID-19 with other severe conditions that require hospi-
talizations, although, ideally, it would have been other
immuno-preventable diseases. However, stroke events were
not interrupted during the pandemic and had decentralized
management that was different from the COVID-19 manage-
ment implemented in Chile, postulating complex and central-
ized interventions for closing gaps in communicable diseases.
Nevertheless, it would be interesting to investigate how much
can be attributed to vaccination.
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We performed a robust YLL estimation, providing evi-
dence for later COVID-19 disability adjusted life years
(DALY) calculations.”® Although YLL and DALY are
broadly used to quantify the burden of NCDs, their comor-
bidity correction for acute illnesses in infectious diseases is
still controversial.>*° Dying from infectious diseases, as
occurs in COVID-19, is exacerbated by multimorbidity con-
ditions, associated with less life expectancy and SES. Thus,
correcting YLL for comorbidities could be counterproductive
in detecting SES disparities.”® This approach would not lead
to other burden disease comparisons,*'*? e.g. influenza.?’

One limitation is that our study used an SES ecological in-
dicator instead of an individual indicator due to data unavail-
ability. Moreover, our study did not include confounders and
other explanatory variables in trend analysis. However, this
is an explanatory study and further research would examine
this later. Although trends were compared with the counter-
factual scenario of stroke, there is some relationship between
stroke trends used as the control group and COVID-19
deaths. However, it is challenging to find any disease that has
any relationship with COVID-19, even in treatment or im-
pacted by non-pharmaceutical interventions. Finally, our geo-
graphical distribution results were estimated under the
assumption of non-spatial correlation due to the unified care
system for COVID-19 in Chile. Therefore, later studies
should consider autoregressive parameters to quantify this
spatial autocorrelation.

In conclusion, this study quantified the impact of COVID-
19 mortality in Chile and identified important sex, geospatial
and SES disparities for >2 years of the pandemic.
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