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Abstract

Background Current literature presents mixed effects of the COVID-19 pandemic on Indigenous communities. We
aim to highlight potential disparities and temporal shifts in both the impact of COVID-19 and vaccine uptake among
hospitalized Indigenous populations in Chile.

Methods We conducted an observational analysis utilizing 1,598,492 hospitalization records from 2020 to 2021

based on publicly accessible hospital discharge data spanning 65 healthcare facilities of medium and high complexity
funded through the Diagnosis-Related Groups (DRG) mechanism in Chile, representing roughly 70% of the country’s
total hospitalizations. This was supplemented with publicly available municipal data on COVID-19 vaccinations and
socio-demographic variables. We performed logistic regression analysis at 0.05 level of significance to assess the
bivariate and multivariable association of Indigenous status with COVID-19 diagnosis and COVID-19 deaths among
hospitalized populations. We also performed univariate and multiple linear regression to assess the association of
COVID-19 vaccination rate and Indigenous status at the municipality level. In addition, we report the distribution of
top 10 secondary diagnoses among hospitalized COVID-19 cases and deaths separately for Indigenous and non-
Indigenous populations.

Results Indigenous populations displayed lower adjusted odds for both COVID-19 diagnosis (OR: 0.76, 95% Cl: 0.74,
0.77) and death (OR: 0.91, 95% Cl: 0.85, 0.97) when compared to non-Indigenous groups. Notably, the adjusted odds
ratio for COVID-19 diagnosis in Indigenous populations rose from 0.59 (95% Cl: 0.57,0.61) in 2020 to 1.17 (95% Cl:
1.13,1.21)in 2021. Factors such as the significantly higher median age and greater number of comorbidities in the
non-Indigenous hospitalized groups could account for their increased odds of COVID-19 diagnosis and mortality.
Additionally, our data indicates a significantly negative adjusted association between COVID-19 vaccination rates and
the proportion of Indigenous individuals.
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Conclusion Although Indigenous populations initially showed lower odds of COVID-19 diagnosis and mortality, a
marked rise in diagnosis odds among these groups in 2021 underscores the urgency of targeted interventions. The
observed negative association between the proportion of Indigenous populations and vaccination rates further
underscores the necessity to tackle vaccine access barriers and work towards equitable distribution.
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Background

Indigenous populations were disproportionately affected
during the 1918 and the 2009 A/HINI influenza pan-
demics [1-7]. In contrast, current reports of the COVID-
19 pandemic paint a mixed picture of its impact among
Indigenous populations across geographic locations and
time [1, 8]. While reports from Canada, Ecuador, and
Australia suggest low risks of both infection and death
among Indigenous compared to non-Indigenous [1, 8],
the data from the USA, Peru (Ucayali region), Brazil,
and Mexico point to a higher risk of infection and death
[1, 8-10]. A study from Mexico showed a 68% higher
mortality rate among Indigenous populations than non-
Indigenous populations and an increased mortality rate
ratio over the subsequent pandemic waves, indicating a
worsening impact of the COVID-19 pandemic over time
[10].

The scarcity of studies from different geographic
regions examining the impact of the COVID-19 pan-
demic among Indigenous and non-Indigenous popula-
tions stems partly from a lack of detailed epidemiological
data [11, 12]. Moreover, historic and ongoing marginal-
ization and systemic policies related to genocide and rac-
ism have limited the quality, quantity, access, and use of
COVID-19 data relating to Indigenous populations [13].
Therefore, it is critical to conduct careful epidemiological
studies evaluating past pandemics’ differential impact on
Indigenous populations.

Latin America, where the Indigenous population of
approximately 58 million people (9.8% of the region’s
population) is concentrated in Chile, Colombia, Guate-
mala, Mexico, and Peru [14], has been hit especially hard
by the COVID-19 pandemic [15]. Chile, a South Ameri-
can country with about 17.6 million people, has an Indig-
enous population comprising over 2.1 million people
(12.8%), according to the 2017 census [16]. About 80% of
the Indigenous population in Chile self-identify as Mapu-
che. Moreover, Chile’s observed case-fatality ratio of 1.2%
and cumulative death rate per 100,000 population of
336.22 as of March 2023 ranks it among the top 10 coun-
tries globally in terms of pandemic impact [17].

We have used detailed hospital discharge data to inves-
tigate differences in the mortality and morbidity impacts
of COVID-19 among Indigenous and non-Indigenous
populations from Chile. Data on hospitalized COVID-19
cases provide insights into patients with severe manifes-
tations requiring inpatient management [18]. We sought

to analyze data from Chile’s Diagnosis-Related Groups
(DRGs) systems for 2020 and 2021, allowing us to charac-
terize COVID-19 cases and deaths by Indigenous status.
We also analyze the top 10 secondary diagnoses among
cases and deaths with COVID-19 as a primary diagnosis,
separately for Indigenous and non-Indigenous groups. To
assess the association between COVID-19 vaccination
and Indigenous status, we complement our analysis using
COVID-19 vaccination uptake and socio-demographic
data, including the proportion of the Indigenous popu-
lation at the municipality level. Findings from our study
can help shed light on disparity drivers in COVID-19
hospitalization and mortality burdens among Indigenous
and non-Indigenous populations.

Methods
We used a descriptive cross-sectional design using data
from multiple sources as described in the data section.

Data

Individual-level hospital discharge data We sourced de-
identified individual-level hospital discharge data for 2020
and 2021 from 65 hospitals across all Chilean regions,
available through Fondo Nacional de Salud (FONASA)
[19]. These hospitals, funded via the Diagnosis-Related
Groups (DRG) payment mechanism, handle all cases of
moderate to high complexity and represent roughly 70% of
Chile’s total hospitalizations. The data includes individuals
under Chile’s public health insurance system (FONASA),
covering 80% of the national population. Among individ-
uals that self-identify with a specific ethnic group, 88% are
covered by the public health system while this figure is
77% for individuals that do not self-identify with an ethnic
group [20]. For each hospitalization record, we retrieved
data on selected variables displayed in Table 1. The names
of the conditions for a given ICD code were obtained from
eCIEMaps query tool [21].

Data on municipal level COVID-19 vaccination We
obtained publicly available data on the total number of
second dose COVID-19 vaccines administered at the
municipality level by the end of 2021, from the Ministry
of Science, Technology, Knowledge and Innovation (Min-
isterio de Ciencia, Tecnologia, Conocimiento e Inno-
vacion), Chile [22]. Of the 346 municipalities in Chile,
based on map V.2.B published in reference [23], we classi-
fied 28 municipalities with more than 49.22% Indigenous
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Table 1 Selected variables from the dataset analyzed in the study
Variables Definition Type of
variable
SEXO Sex Categorical
FECHA_NACIMIENTO Birth date Continuous
Indigenous status For the classification of Indigenous status, we used the variable ETNIA in the dataset. There were 11 unique  Categorical
types of entries in this variable: Aymara, Colla, Diaguita, Kawesqar, Lican Antai (Atacameno), Mapuche, Nin-
guno, Otro, Quechua, Rapa nui (Pascuense), and Yagan (Yamana). Of these entries of self-reported ethnici-
ties, Ninguno (none) was categorized as non-Indigenous, and all others were categorized as Indigenous.
COVID-19 diagnosis The hospitalized cases in which diagnosis was recorded as U07.1 (Laboratory confirmed COVID-19 case) Categorical
or U07.2 (clinically and epidemiologically confirmed COVID-19 case) among any of the diagnosis variables
from diagnostic 1 to diagnostic 35 were classified as a COVID-19 case. Similarly, cases for which U07.1 or
U07.2 were recorded in diagnosis 1 were classified as cases with COVID-19 as a primary diagnosis.
NACIONALIDAD Nationality Categorical
TIPO_INGRESO Type of hospital entry: urgent, programmed, or obstetric Categorical
FETCHA_INGRESO Hospital admission date Continuous
FECHAALTA Date of discharge from hospital Continuous
Death We used the variable TIPOALTA in the dataset to classify death status. Cases for whom TIPOALTA was equal  Categorical
to FALLECIDO were categorized as deaths, and others were categorized as non-deaths.
DIAGNOSTICO Diagnosis Categorical
Age (in years) Computed as the difference between FETCHA_INGRESO and FECHA_NACIMIENTO and categorized into Continuous
five age groups.
Age group Age categorized into five groups: Less than 18 years, 18-44 years, 45-54 years, 55-64 years, 65 years and Categorical
above.
Length of hospital stay Computed as the difference between FECHAALTA and FETCHA_INGRESO Continuous
Comorbidity count Computed based on the total number of secondary diagnoses for a given case or death Continuous
Comorbidity category Comorbidity count categorized into three groups: no comorbidity, one comorbidity and more than one Categorical

populations as cases. The nearest municipality to each of
these 28 municipalities with 7.89-15.13% of Indigenous
populations was designated a control 1 municipality and
the nearest municipality with 7.88% or less Indigenous
population was designated a control 2 municipality. The
municipalities that were nearest were visually identified
using Chile’s municipality-level map. Additional file 1 lists
cases, control 1, and control 2 municipalities. We then
estimated the second-dose COVID-19 vaccination rate as
a percentage of the total population for each case and con-
trol municipality using the 2017 population estimate data
for the municipalities of Chile [24].

Data on municipal-level socio-demographic variables We
used publicly available socio-demographic data from
Chile’s Population and Housing Census 2017 [16]. We
aggregated the person-level data into the municipal level
for the following variables: Indigenous population, sex,
age group (5 categories), average years of schooling and
proportion with paid employment (among those above 17
years old).

Statistical analysis

Temporal distribution of weekly hospitalizations accord-
ing to indigenous status We present the weekly time
series of new hospitalized COVID-19 cases stratified by
Indigenous status in 2020 and 2021 in Chile.

Logistic regression for COVID-19 hospitalization and
death We used logistic regression analysis at 0.05 level
of significance to assess the bivariate and multivariable
association of both COVID-19 diagnosis and COVID-19
deaths with selected variables: sex, age, nationality, Indig-
enous status, type of hospital visit, number of comorbidi-
ties and length of hospital stay. Additionally, we present
the results of bivariate and multivariable analyses exam-
ining the associations between COVID-19 diagnosis and
deaths with the selected variables, separately for Indig-
enous and non-Indigenous patients. We also evaluated
the association of Indigenous status with these selected
variables separately for COVID-19 cases and deaths. For
categorical covariates, we used Chi-Square tests, and for
non-normally distributed numerical covariates such as
age and length of hospital stay, the Wilcoxon Rank Sum
Test was applied.

Top-ranked secondary diagnosis among primary COVID-
19 hospitalization and deaths To assess the difference
between Indigenous and non-Indigenous groups in the
distribution of secondary diagnosis among cases and
deaths with COVID-19 as a primary diagnosis, we report
95% confidence intervals (CI) of the estimated proportion
for each of the top 10 secondary diagnoses using normal
approximation for the binomial CI through an online
resource [25].
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Vaccination rates in predominantly indigenous munici-
palities We performed Wilcoxon signed rank tests for the
data with 28 pairs of cases and control 1 and cases and
control 2 to assess the association between Indigenous
status and vaccination rates.

Regression analysis for COVID-19 vaccination rate and
indigenous status We performed univariate and multiple
linear regression analysis using COVID-19 vaccination
rate as percentage of total population as the dependent
variable and selected socio-demographic variables at the
municipality level to assess the association between Indig-
enous status and vaccination rates. All the analyses were
performed in SAS 9.4.
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Results

We analyzed 1,598,492 records in the datasets from
2020 (781,694) and 2021 (816,798), of which 7.43% were
COVID-19 positive cases, including 5.79% cases with
COVID-19 as a primary diagnosis and 1.28% COVID-19
deaths. Weekly time series of new hospitalized COVID-
19 cases and deaths at the national level are shown in
Fig. 1.

Table 2 presents the demographic, comorbidity, hos-
pital visit and death outcome related characteristics of
the total hospitalized patients, COVID-19 cases, and
COVID-19 deaths, separately for Indigenous and non-
Indigenous patients. The Indigenous group comprised
10.07% of total hospitalized patients, 7.89% of hospital-
ized COVID-19 cases and 7.10% of hospitalized COVID-
19 deaths (Table 2). Among the hospitalized COVID-19
cases, the median age, median length of hospital stays,
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Fig. 1 Weekly number of COVID-19 cases and deaths, Chile, 2020-2021. Panel A: Total cases and deaths. The solid line indicates weekly COVID-19 cases
and the dashed line indicates weekly COVID-19 deaths, Panel B: Total cases and deaths by Indigenous status. The solid and dashed black lines indicate
weekly COVID-19 cases among non-Indigenous and Indigenous populations respectively. The grey solid and dashed line indicate weekly COVID-19

deaths among non-Indigenous and Indigenous respectively
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Table 2 Characteristics of sample by indigenous status

Page 5 of 13

Total hospitalization

(n=1,598,492)

COVID-19 diagnosis among hospi-
talized patients (n=118,788)

Death among COVID-19
positive hospitalized pa-
tients (n=20,536)

Sex
Male
Female

Median age in years (Q1, Q3) **

Age group™**t

<18 years

18-44 years

45-54 years

55-64 years

65 and above

Type of hospital visit
Urgent

Programmed (planned)
Obstetrics/gynecology
Nationality***+ 1+
Chilean

Indigenous
(n=160,899) (%)

64,610 (40.16)
96,276 (59.84)

43.23 (26.68,
65.36)

20,564 (12.78)
62,427 (38.80)
16,475 (10.24)
20,425 (12.69)
41,008 (25.49)

88,908 (55.26)
40,600 (25.23)
31,381 (19.50)

149,168 (92.71)

Non-Indigenous

(n=1,437,593) (%)

596,874 (41.52)
840,535 (5847)

4358 (25.77,
65.52)

227,013 (15.79)

509,658 (35.45)

144,108 (10.02)

187,717 (13.06)
(

369,097 (25.67)
800,744 (55.70)
379,366 (26.39)
257,469 (17.91)

1,358,687 (94.51)

Non-Chilean 9053 (5.63) 78,543 (5.46)
Death***

Yes 5635 (3.50) 56,205 (3.91)

No 155,264 (96.50) 1,381,388 (96.09)
Median length of hospital stay 3(1,7) 3(1,7)

(days) (Q1,Q3) *** 11

Median comorbidity count (Q1, 3(1,6) 3(1,6)

Q3) ¥**4+

Comorbidity category***++

No comorbidity 19,909 (12.37) 181,647 (12.64)
One comorbidity 22,003 (13.68) 191,486 (13.32)
More than one comorbidity 118,987 (73.95) 1,064,459 (74.04)

Indigenous Non-indigenous  Indigenous Non-Indige-
(n=9374) (n=109,414) (%) (n=1458) (%) nous
(%) (n=19,078)
(%)
5072 (54.11) 59,182 (54.09) 823 (56.45) 10,962 (57.48)
4302 (45.89) 50,207 (45.89) 635 (43.55) 8110 (42.52)
57.87 (42.08,70.34) 58.74 (4357, 72.68 (6241, 72.55(62.55,
71.16) 80.83) 80.93)
238(2.54) 3881 (3.55) 3(0.21) 37(0.19)
2430 (25.92) 25,257 (23.08) 87 (5.97) 812 (4.26)
1470 (15.68) 16,888 (15.43) 96 (6.58) 1429 (7.49)
1951 (20.81) 23,232 (21.23) 260 (17.83) 3547 (18.59)
3285 (35.04) 40,156 (36.70) 1012 (69.41) 13,253 (69.47)
8796 (93.83) 102,227 (9343) 1433 (98.29) 18,853 (98.82)
156 (1.66) 2192 (2.00) 25(1.71) 208 (1.09)
422 (4.50) 4994 (4.56) 0(0) 17 (0.09)
8200 (87.48) 104,631 (95.63) 1361 (93.35) 18,795 (98.52)
1173 (12.51) 4783 (4.37) 97 (6.65) 283 (1.48)
1458 (15.55) 19,078 (17.44) - -
7916 (84.45) 90,336 (84.56)
8(3,16) 9(5,18) 9(4,19) 11(5,21)
7(511) 8(511) 10(7,13) 11(8,13)
0(0.00) 75(0.07) 0(0) 8(0.04)
99(1.06) 2069 (1.89) 1(0.07) 138(0.72)
9275 (98.94) 107,270 (98.04) 1457 (99.93) 18,932 (99.23)

**%p<0.0001 **p<0.001 *p<0.05 for Indigenous vs. non-Indigenous among COVID-19 positives. t11p<0.0001 t1p<0.01 tp<0.05 for Indigenous vs. non-Indigenous
among COVID-19 deaths. Wilcoxon rank sum test was applied for age, length of hospital stay and comorbidity count. For other categorical variables Chi-Square test

was applied, Q1: quartile 1, Q3: quartile 3

and the median comorbidity count was significantly
higher in the non-Indigenous group compared to the
Indigenous group (Table 2).

When comparing the top 10 secondary diagnoses
among the two groups, a significantly higher proportion
of the Indigenous population with a primary COVID-
19 diagnosis had viral pneumonia, unspecified acute
respiratory failure, severe respiratory insufficiency, and
respiratory distress syndrome compared to the non-
Indigenous population. Similarly, a higher proportion of
the non-Indigenous populations had cough, unspecified
fever, and acute renal failure with acute cortical necrosis
as a secondary diagnosis (Table 3). For COVID-19 hospi-
talized individuals who died with a primary COVID-19
diagnosis, a statistically significant higher proportion of
non-Indigenous individuals had nosocomial conditions

(Table 4). The proportion of secondary diagnoses for
other types of viral pneumonia, essential hypertension,
and uncomplicated type II diabetes mellitus did not dif-
fer significantly between Indigenous and non-Indigenous
groups (Tables 3 and 4).

The overall mortality and morbidity impact of the
COVID-19 pandemic was significantly lower among
Indigenous populations compared to non-Indigenous
with an adjusted OR for COVID-19 diagnosis of 0.76
(95% CI: 0.74, 0.77), and an adjusted OR for COVID-19
death of 0.91 (95% CI: 0.85, 0.97). However, there was a
significant increase in adjusted odds of COVID-19 diag-
nosis among Indigenous populations from 0.59 (95% CI:
0.57, 0.61) in 2020 to 1.17 (95% CI: 1.13, 1.21) in 2021.
There was also a slight increase in the odds of COVID-19
death in 2021 compared to 2020, among the Indigenous,
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Table 3 Top 10 secondary diagnoses among patients with COVID-19 as a primary diagnosis by indigenous status
Rank Indigenous Non-Indigenous
Secondary diagnosis Frequency Secondary diagnosis Frequency
(ICD code and name) (Percent of total secondary di-  (ICD code and name) (Percent of
agnosis recorded (n=58,653)) total second-
(95% CI) ary diagnosis
recorded
(n=712,112))
(95% Cl)
1 J12.8 (Other types of viral pneumonia) 7090 (12.09) J12.8 (Other types of viral 80,007 (11.24)
(11.82,12.35) pneumonia) (11.16,11.31)
2 196.00 (Unspecified acute respiratory 5287 (9.01) J96.00 (Unspecified acute respiratory 51,779 (7.27)
failure if with hypoxia or with hypercap-  (8.78,9.25) failure if with hypoxia or with hyper-  (7.21,7.33)
nia)/ J96.0 (Severe respiratory insuffi- capnia)/ J96.09 (Acute respiratory
ciency)/J96.09 (Acute respiratory failure failure of unspecified cause)
of unspecified cause)
3 110 (Essential (primary) Hypertension) 3026 (5.16) 110 (Essential (primary) Hypertension) 37,421 (5.25)
(4.98,5.34) (5.20,5.31)
4 R06.0 (Dyspnoea) 2529 (4.31) R06.0 (Dyspnoea) 32,281 (4.53)
(4.15,4.48) (4.48,4.58)
5 RO5 (Cough) 2010(3.43) R0O5 (Cough) 26,422 (3.71)
(3.28,3.57) (3.67,3.75)
6 E11.9 (uncomplicated type 2 diabetes 1487 (2.54) E11.9 (Uncomplicated type 2 diabe- 17,909 (2.51)
mellitus) (241, 2.66) tes mellitus) (2.48,2.55)
7 £66.9 (Obesity, unspecified) 1479 (2.52) E66.9 (Obesity, unspecified) 17,482 (2.45)
(2.38,2.68) (2.42,2.49)
8 R50.9 (Fever, unspecified) 1250 (2.13) R50.9 (Fever, unspecified) 16415 (2.31)
(2.01,2.25) (2.27,2.34)
9 J80 (Respiratory distress syndrome) 941 (1.60) R51 (Headache) 11,322 (1.59)
(1.50,1.71) (1.56,1.62)
10 M79.19 (Myalgia of unspecified cause) 879 (1.50) N17.1 (Acute renal failure with acute 11,014 (1.55)
(1.40, 1.60) cortical necrosis) (1.52,1.58)

but it did not reach statistical significance [0.90 (95% CI:
0.82, 0.98) in 2020 to 0.92 (95% CI: 0.84, 1.01) in 2021]
(Tables 5 and 6). We hypothesized that this shift in OR
could be associated with the differential rate of COVID-
19 vaccination among Indigenous and non-Indigenous
groups. Therefore, we also evaluated the relationship
between COVID-19 vaccination rates and Indigenous
status using municipal-level data.

We present the bivariate and multivariable associa-
tion of selected variables and COVID-19 diagnosis and
COVID-19 deaths among Indigenous and non-Indig-
enous individuals separately in Tables 7 and 8. In the
adjusted model for both Indigenous and non-Indige-
nous individuals, there were significantly higher odds
of COVID-19 diagnosis and COVID-19 deaths among
males, and a significantly positive association with
comorbidity count and age. However, compared to Indig-
enous males, non-Indigenous males had greater odds of
both COVID-19 diagnosis and COVID-19 death com-
pared to their female counterparts. Likewise, with one
unit increase in comorbid condition, the odds of COVID-
19 death among non-Indigenous group increased by 34%
among the non-Indigenous group and by 17% among
the Indigenous group. By age, the odds of COVID-19

diagnosis and deaths were comparable between Indig-
enous and non-Indigenous groups (Tables 7 and 8).

A total of 15,973,895 COVID-19 second dose vacci-
nations were administered in Chile by the end of 2021.
The overall rate of 2nd dose COVID-19 vaccinations
in the 28 municipalities with more than 49.22% Indig-
enous population (case municipalities) was 79.11% com-
pared to the vaccination rate of 86.85% in the rest of the
municipalities. The median difference in the vaccination
rate of case and control 1 municipalities was —8.24%
and was statistically significant (Signed Rank statistics:
-158, p-value<0.0001). Similarly, the median difference
in the vaccination rate of case and control 2 municipali-
ties was —8.64% and was statistically significant (Signed
Rank statistics: -159, p-value<0.0001). There was a sta-
tistically significantly negative association between the
proportion of the Indigenous population and the vacci-
nation rate such that an increase in the Indigenous pop-
ulation by 1% decreased the vaccination rate by 0.33%
(p-value<0.0001). This association remained unchanged
(parameter estimate —0.32, p-value<0.0001) after con-
trolling for other socio-demographic variables (propor-
tion of the population aged less than 6 years, proportion
of population aged 18-64 years, proportion of males,
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Table 4 Top 10 secondary diagnoses among patients with COVID-19 as primary diagnosis who died, by indigenous status

Rank Indigenous Non-Indigenous
Secondary diagnosis Frequency Secondary diagnosis Frequency
(ICD code and name) (percent of total secondary di- (ICD code and name) (Percent of
agnosis recorded (n=12,765)) total second-
(95% Cl) ary diagnosis
recorded
(n=170,487))
(95% CI)
1 J12.8 (Other types of viral pneumonia) 1242 (9.73) J12.8 (Other types of viral 15,684 (9.20)
(9.22,10.24) pneumonia) (9.06,9.34)
2 J96.00 (Unspecified acute respiratory 991 (7.76) J96.00 (Unspecified acute respiratory 11,225

failure if with hypoxia or with hypercap-  (7.30, 8.23)
nia)/ J96.0 (Severe respiratory insuffi-

ciency)/ J96.09 (Acute respiratory failure

of unspecified cause)

3 110 (Essential (primary) Hypertension) 681 (5.33)
(4.95,5.72)

4 R06.0 (Dyspnoea) 416 (3.26)
(2.96, 3.58)

5 N17.9 (Acute renal failure, unspecified) 337 (2.64)
(2.37,2.93)

6 RO5 (Cough) 308 (2.41)
(2.15,2.69)

7 E11.9 (Uncomplicated type 2 diabetes 298 (2.33)
mellitus) (2.07,2.60)

8 J80 (Respiratory distress syndrome) 264 (2.07)
(1.82,2.33)

9 R50.9 (Fever, unspecified) 174 (1.36)
(1.16, 1.56)

10 £66.9 (Obesity, unspecified) 170 (1.33)
(1.13,1.53)

failure if with hypoxia or with hyper-  (6.58) (6.47,
capnia)/ J96.09 (Acute respiratory 6.70)
failure of unspecified cause)

110 (Essential (primary) Hypertension) 9360 (5.49)

(5.38, 5.60)
R06.0 (Dyspnoea) 5839 (3.42)
(3.34,3.51)
N17.9 (Acute renal failure, 4360 (2.56)
unspecified) (248, 2.63)
E11.9 (Uncomplicated type 2 diabe- 4208 (2.47)
tes mellitus) (2.39,2.54)
RO5 (Cough) 4138 (243)
(2.35,2.50)
R50.9 (Fever, unspecified) 2468 (1.45)
(1.39,1.50)
Y95 (Nosocomial conditions) 2234 (1.31)
(1.26,1.36)
£66.9 (Obesity, unspecified) 2228 (1.31)
(1.25,1.36)

average years of schooling, and the proportion of popula-
tion aged 17 years and above having paid work) (Table 9).

Discussion

Our finding of lower risk of COVID-19 infection and
death among the Indigenous population is in line with
previous studies from Canada, Ecuador, and Australia [1,
8] and in contrast to findings from the USA, Brazil, and
Mexico [1, 8-10]. Our findings indicate that old age and
a higher frequency of comorbidities among non-Indige-
nous populations explain the higher COVID-19 diagnosis
and death among non-Indigenous hospitalized popula-
tions. Furthermore, our results suggest that COVID-19
vaccination disparities increased the odds of COVID-
19 among Indigenous groups from 2020 to 2021. How-
ever, temporal changes in social distancing interventions
implemented in Chile could also have contributed to this
result.

Our findings of lower overall odds of infection and
death among hospitalized Indigenous compared to the
non-Indigenous could be related to some characteristics
of Indigenous populations in Chile compared to other
Latin American countries. For example, Chile has one
of the lowest proportions of the Indigenous population

living in poverty (15.4% Indigenous, 10.2% non-Indig-
enous) in all Latin America [14]. In contrast, Colombia,
Ecuador, Mexico, and Panama all have over 50% of their
Indigenous populations living in poverty [14]. The gap
in poverty rate between Indigenous and non-Indigenous
populations in Chile has also been decreasing over the
last 15 years. Specifically, for Indigenous populations,
the poverty rate declined from 44% in 2006 to 13.2% in
2020, whereas for non-Indigenous populations, the pov-
erty rate declined from 28% in 2006 to 10.5% in 2020
[26]. Likewise, among the five countries where 80% of
the Indigenous population in Latin America reside, Chile
has the lowest proportion of the Indigenous population
living in municipalities with critical or high vulnerability
to COVID-19 infection (20.9% in Chile vs. 77.9% in Gua-
temala) [14]. Though Indigenous populations in Latin
America mostly live in rural areas with poorer access to
medical resources, most of the Indigenous populations in
Chile live in urban areas [14]. Moreover, age is one of the
most important predictors of severe disease and death
from COVID-19 [27, 28]. In Chile, the proportion of the
population>=60 yrs. is lower among Indigenous groups
than non-Indigenous [14].
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Table 5 Bivariate and multivariable associations between COVID-19 diagnosis and selected variables among hospitalized cases

Variable COVID-19 diagnosis COVID-19 diagnosis Year 2020 Year 2021
Unadjusted OR (95% Cl) Adjusted OR? (95% ClI) COVID-19 diagnosis COVID-19 diagnosis
Adjusted OR? (95% Cl) Adjusted OR? (95% Cl)
Indigenous
Yes 0.75(0.73,0.77) *** 0.76 (0.74,0.77)*** 0.59 (0.57,0.61)*** 117 (1.13,1.21)%%*
No Reference Reference Reference Reference
Sex
Male 1.74(1.72,1.76) *** 1.20(1.19, 1.22) *** 1.24(1.22,1.27)%** 1.18(1.16, 1.20) ***
Female Reference Reference Reference Reference

Age (in years)”
Age group (in years)

1.02 (1.02, 1.02) ***

XH%

1.006 (1.006, 1.006)***

048 (0.47, 0.50)***
Reference

14.45 (13.86, 15.06)
Reference

<18 Reference

18-44 3.01(291,3.11)
45-54 7.63(7.37,7.89)
55-64 8.13(7.87,841)

65 and above 7.00(6.78,7.23)
Nationality *x%

Chilean 1.11(1.08,1.14)
Non-Chilean Reference

Type of hospital visit xxx xxx
Urgent 25.35(24.33,2641)
Programmed Reference
Obstetrics/gynecology 340 (3.24,3.57)

Length of hospital stay in days”
Comorbidity count®
Comorbidity category

1.03 (1.03, 1.03) ***
1.25(1.25,1.26) ***

XK

No comorbidity 0.04 (0.03,0.05)
One comorbidity Reference

More than one 10.65(10.20,11.11)
Death

Yes 7.28(7.15,7.41)%*
No Reference

3.25(3.09,342)
1.004 (1.004, 1.005) ***
117 (117, 107)%%%

2.05 (2.01, 2.09)***
Reference

1.01 (1.01, 1.07)***

042 (040, 0.44)***
Reference

10.76 (10.18,11.37)
Reference
2.72(2.54,2.92)

1.004 (1.003, 1.005) ***
113 (113, 1.13)***

2.26 (2.20, 2.33) ***
Reference

1.001 (1.001, 1.002) ***

0.55(0.53,0.57) ***
Reference

17.95 (16.85,19.12)
Reference

3.76 (3.49,4.05)

1.004 (1.003, 1.004) ***
1.23(1.22,1.23) ***

1.83(1.78,1.88) ***
Reference

Age was estimated as the difference between date of admission and birth date *Variables in the multivariable logistic regression model: sex, age, nationality,
Indigenous status, type of hospital visit, comorbidity count, length of hospital stays, and death ®median (quartile 1, quartile 3) reported, Cl: Confidence Interval
*p-value <0.05 **p-value <0.01 ***p-value <0.0001

Interestingly, the adjusted association of Indigenous
status with COVID-19 diagnosis and COVID-19 deaths
was higher in 2021 than in 2020. The adjusted odds of
COVID-19 diagnosis among Indigenous groups were
lower than the non-Indigenous in 2020, but higher
among Indigenous in 2021. Likewise, the adjusted odds
of COVID-19 deaths among Indigenous groups were
lower than the non-Indigenous in 2020, but slightly
increased to 0.92 in 2021. This indicates that over time,
the Indigenous populations in Chile tended to be nega-
tively impacted by the pandemic even though the initial
risk was lower than that of the non-Indigenous groups. A
previous study from Mexico also showed that there was
an increase in COVID-19 mortality rate ratio of 1.55 in
the first wave to 1.65 in the second wave to 1.86 in the
third wave, and 2.40 in the fourth wave, reflecting the
increased risk of COVID-19 death among Indigenous
over time [10]. The increased odds of COVID-19 infec-
tion and death over the subsequent years may reflect

social disparities in COVID-19 vaccination or other
public health measures. Indeed, we found a significantly
lower COVID-19 vaccination rate in areas with larger
Indigenous populations in Chile.

Besides COVID-19 vaccination disparities, the increase
in odds of COVID-19 infections from 2020 to 2021 may
result from the differential impact of social distanc-
ing interventions. With the relaxation of restrictions on
businesses in 2021 in Chile, Indigenous populations who
are highly represented in the informal economy [29, 30]
might have been infected at higher rates compared to
non-Indigenous groups because of the nature of their
work. For example, Native Americans in the US have a
significant underrepresentation in high-education occu-
pations after controlling for individual differences in
demographic characteristics [31], impacting their ability
to work remotely [32].

In our study, we found that the odds for COVID-19
diagnosis and death increased in 2021 from the 2020
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Table 6 Bivariate and multivariable association between COVID-19 death and selected variables among hospitalized COVID-19 cases

Variable COVID deaths COVID deaths Year 2020 Year 2021
Unadjusted OR Adjusted OR COVID deaths COVID deaths
(95% Cl) (95% CI)? Adjusted OR Adjusted OR

(95% CI)? (95% ClI)?

Indigenous

Yes 0.87 (0.82,0.92) *** 0.91(0.85,0.97) ** 0.90 (0.82,0.98) * 0.92(0.84,1.01)

No Reference Reference Reference Reference

Sex

Male 117 (1.14,1.21) ¥** 1.25(1.21,1.29) *** 1.30(1.23, 1.36) *** 1.23(1.17,1.29) ***

Female Reference Reference Reference Reference

Age (in years)®

Age group (in years)
<18

18-44

45-54

55-64

65 and above
Nationality

Chilean

Non-Chilean

Type of hospital visit
Urgent

Programmed
Obstetrics/gynecology

Length of hospital stay in (days)”

Comorbidity count®

1.06 (1.06, 1.06) ***
Reference

342 (2.48,4.70)
9.22 (6.73,12.64)
18.13 (13.26, 24.80)
49.78 (36.44, 67.99)

3.19 (2.87,3.54)%*%
Reference
2.03(1.77,2.32)
Reference

0.03 (0.02,0.05)

1.005 (1.004, 1.005) ***
1.15(1.15, 1.15) ***

1.06 (1.06, 1.06) ***

1.008 (0.900, 1.13)
Reference
1.91(1.65,2.21)
Reference
0.22(0.13,0.36)
0.99 (0.99, 0.99) ***
1.14 (113, 1.14) ***

1.05 (1.05, 1.06) ***

0.99(0.83,1.18)
Reference
1.62(1.35,1.93)
Reference
0.17(0.09, 0.36)
0.99 (0.98, 0.99) ***
111 (107, 1.12) ***

1.06 (1.06, 1.06) ***

0.99 (0.85,1.15)
Reference
2.29(1.78, 2.95) ***
Reference
0.27(0.13,0.54)
0.99 (0.99, 0.99) ***
1.21(1.20, 1.22) ***

Comorbidity category
No comorbidity 1.74(0.82,3.70)
One comorbidity Reference

More than one 3.09 (2,60, 3.67)***

Age was estimated as the difference between date of admission and birth date. *Variables in the multivariable logistic regression model: sex, age, Indigenous status,
comorbidity count, type of hospital visit, length of hospital stay, and nationality Pmedian (quartile 1, quartile 3) reported, Cl: Confidence Interval *p-value <0.05 **p-

value<0.01 ***p-value<0.0001

level, indicating an increase in worse outcomes such as
COVID-19 hospitalizations and deaths due to COVID-
19 infection among Indigenous groups. This is supported
by our finding of a low overall vaccination rate of second
dose COVID-19 vaccination in the municipalities, with
a higher proportion of the Indigenous population com-
pared to the rest of the municipalities. Similarly, there
was a statistically significantly lower median vaccination
rate in municipalities with a higher proportion of the
Indigenous population compared to the nearest munici-
palities with lower proportions of the Indigenous popu-
lation. This is also supported by the findings from our
crude and adjusted regression models.

In the adjusted model, we found significantly higher
odds of both COVID-19 diagnosis and COVID-19 deaths
among males compared to female for both Indigenous
and non-Indigenous groups. However, the OR value was
higher for non-Indigenous males than Indigenous males.
For example the OR for COVID-19 death among males
compared to females was 1.20 in Indigenous group and
1.25 in non-Indigenous group. However, it is not clear

whether this difference is explained by biological or soci-
etal factors [33].

Our analysis of the top ten secondary diagnoses among
hospitalized cases with COVID-19 as a primary diagno-
sis revealed a statistically significant higher proportion
of conditions related to the respiratory system, such as
viral pneumonia, and acute respiratory failure among
the Indigenous. In contrast, conditions such as fever and
acute renal failure were significantly higher among non-
Indigenous. Likewise, a significantly higher proportion of
non-Indigenous populations who died with COVID-19
as a primary diagnosis had nosocomial conditions and
unspecified obesity. Our results align with a previous
study that reported an association of Mapuche ancestry
with increased mortality due to asthma and decreased
mortality from diabetes [34]. Likewise, increased mor-
tality due to conditions of the larynx and bronchus were
associated with Aymara ancestry [34]. Notably, in Chile,
the largest ethnic group is Mapuche, followed by Aymara
[35]. It is reassuring that in our hospitalization data, the
highest proportion of Indigenous groups were Mapuche
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Total hospitalization, Indigenous (n=160,899)

Total hospitalized COVID-19 positive, Indigenous

(n=9374)
Variable COVID-19 COVID-19 Year 2020 Year 2021 COVID-19 death  COVID-19 Year 2020 Year 2021
diagnosis diagnosis COVID-19  COVID-19 Unadjusted OR  death COVID-19 COVID-19
Unadjusted OR  Adjusted OR®  diagnosis diagnosis (95% Cl) Adjusted OR?  death death
(95% Cl) (95% CI) Adjusted Adjusted (95% CI) Adjusted OR®  Adjusted
OR® (95% OR? (95% Cl) (95% Cl) OR® (95%
@)} (@)}
Sex
Male 1.82(1.75,1.90) 1.19(1.14, 1260118, 1.12(1.05  1.12(099,1.25 1.20(1.06, 134(1.13, 1.07 (0.89,
o 1.25) *** 1.34)%** 1.19) ** 1.35)** 1.60)** 1.27)
Female Reference Reference Reference  Reference Reference Reference Reference Reference
Age (in years)” 1.02(1.02,1.02) 1.004(1.003, 1.01(1.01, 0.99 (0.99, 1.06 (1.06,1.07)  1.06 (1.05, 1.06 (1.05, 1.05 (1.05,
o 1.006)*** 1.01)%** 1.00) o 1.06)*** 1.07)*** 1.06)***
Age group (in years)  *** - - - - - -
<18 Reference Reference
18-44 346 (3.02,3.95) 291(0.91,9.26)
45-54 836(7.28,9.61) 547(1.72,
17.41)%
55-64 9.02 (7.87, 12.04 (3.83,
10.33) 37.88)***
65 and above 743 (6.51,849) 34.87 (11.14,
100.14)***
Nationality Hxx
Chilean 0.39(0.37,042) 0.24(0.22, 0.18(0.17, 034(03, 2.21(1.78, 0.71 (0.56, 0.51(0.36, 0.95 (0.66,
0.26)*** 0.21)%** 0.38) *** 2.74)%%* 0.90)** 0.70)*** 1.35)
Non-Chilean Reference Reference Reference  Reference Reference Reference Reference Reference
Type of hospital visit ~ *** xx% *x% *x%
Urgent 2844 (24.26, 16.12 (13.73, 12.57 19.51 (14.68, 1.02(0.66,1.57) 1.25(0.77, 1.01 (0.58, 2.25(0.78,
3332) 18.92) (10.34, 25.93) 2.02) 1.75) 6.49)
15.26)
Programmed Reference Reference Reference  Reference Reference Reference Reference Reference
Obstetrics/gynecology 353 (2.94,4.24) 256 (212, 1.89(148, 324236, <0.001 (<0.001, <0.001 <0.001 <0.001
3.10) 242) 4.44) >999.99) (<0.001, (<0.001, (<0.001,
>999.99) >999.99) >999.99)
Length of hospital 1.03(1.02,1.03) 1.00(0.99, 0.99(0.99, 1.001(0.99, 1.004(1.001, 0.99 (0.99, 0.99 (0.98, 0.99 (0.99,
stay in daysb Hxx 1.00) 0.99) *** 1.003) *** 1.007) * 0.99)*** 0.99)*** 0.99)**
Comorbiditycountb 122(1.21,1.22)  1.17(1.16, 1.15(1.14, 1.23(1.22, 1.14(1.13,1.06) 1.3 (111, 1.12(1.10, 1.17 (114,
Comorbidity category - - - - - -
No comorbidity <0.001 (<0.001, A
>999.99)
One comorbidity Reference Reference
More than one 18.71 (15.34, 18.25 (2.54,
22.81)%%* 130.85)**
Death
Yes 6.50 (6.10, 1.98 (1.84, 209(1.90, 1.81(1.63, - - - -
6.93)*** 2.12)%** 2.30) *** 2.02) ***
No Reference Reference Reference  Reference

Age was estimated as the difference between date of admission and birth date ®Variables in the multivariable logistic regression model for COVID-19 diagnosis: sex,
age, nationality, Indigenous status, type of hospital visit, comorbidity count, length of hospital stays, and death; death was the outcome for model for COVID-19
death Pmedian (quartile 1, quartile 3) reported, Cl: Confidence Interval. *p-value <0.05. **p-value <0.01. ***p-value <0.0001, Anot applicable as there were 0 cases of
no comorbidity in both death and no-death group
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Table 8 Bivariate and multivariable associations of selected variables with COVID-19 diagnosis and COVID-19 death among

hospitalized non-indigenous patients

Total hospitalization, non-Indigenous (n=1,437,593)

Total hospitalized COVID-19 positive, non-Indigenous
(n=109,414)

Variable COVID-19 COVID-19 Year 2020
diagnosis diagnosis COVID-19
Unadjusted OR  Adjusted OR?  diagnosis
(95% Cl) (95% Cl) Adjusted
OR? (95%
@)]
Sex
Male 1.73(1.71,1.75) 121 (1.9, 1.24(1.21,
Female Reference Reference Reference
Age (in years)b 1.02(1.02,1.02) 1.006 (1.006, 1.01(1.01,
i 1.006)*** 1.01)%*
Age group (inyears)  *** - -
<18 Reference
18-44 3.00(2.90, 3.10)
45-54 7.63(7.36,7.91)
55-64 8.12(7.84,841)
65 and above 7.02 (6.79,7.26)
Nationality
Chilean 1.29 (1.25, 0.55(0.53, 048 (0.46,
1.33)%** 0.57)*** 0.57)***
Non-Chilean Reference Reference Reference
Type of hospital visit ~ *** b *EE
Urgent 2517 (2412,
26.26)
Programmed Reference Reference Reference
Obstetrics/gynecology 340 (3.24, 3.58)
Length of hospital 1.03(1.03,1.03)  1.005(1.005,  1.005
stay in days® ek 1.005) *** (1.004,
1.006) ***
Comorbidity count® 1.26 (1.26,1.26) 1170117, 1.13(1.13,
xxx 1.17)%e 1130
Comorbidity category -
No comorbidity 0.04 (0.03,
0.05)***
One comorbidity Reference
More than one 10.26 (9.82,
10.72)%**
Death
Yes 7.34(7.21, 2.05 (2.01, 228(2.21,
7.48)%** 2.10)*** 2.35) *x*
No Reference Reference Reference

Year 2021 COVID-19 death  COVID-19 Year 2020 Year 2021
COVID-19 Unadjusted OR death COoVID-19 CoVID-19
diagnosis (95% Cl) Adjusted death death
Adjusted OR? OR?(95% Cl)  Adjusted Adjusted
(95% Cl) OR? (95% Cl) OR?* (95%
@)}

1.19(1.17, 1.18(1.14,1.22)*** 1.25(1.21, 1.29(1.22, 1.24(1.19,
1.21) ** 1.30)*** 1.36)*** 1.30)%**
Reference Reference Reference Reference Reference
1.002 (1.001,  1.06(1.06, 1.07)*** 1.06 (1.06, 1.06 (1.05, 1.06 (1.06,
1.002)*** 1.06)*** 1.06)*** 1.06)***

Reference

344 (2.47,4.80)

9.59 (6.91, 13.31)

18.69 (13.49,

25.87)

51.08 (36.94,

70.64)
0.60 (0.58, 3.48(3.08,3.93)** 1.12(0.98, 1.23 (1.00, 1.02 (0.87,
0.63)*** 1.28) 1.52)% 1.21)
Reference Reference Reference Reference Reference

2.16(1.87,2.49) 1.98 (1.70, 1.70 (1471, 229(1.76,

2.31) 2.06) 2.97)

Reference Reference Reference Reference Reference

0.03 (0.02,0.05) 0.25(0.15, 0.21(1.002, 0.30(0.15,

042) 1.52) 0.60)

1.004 (1.003,  1.005 (1.004, 0.99 (0.99, 0.99 (0.98, 0.99 (0.99,
1.004) *** 1.005) * 0.99)*** 0.99)*** 0.99)***
1.23(1.23, 1.15(1.15,1.15) 134 (1.32, 1110117, 1.22(1.21,
123) % xxx 1.14y%e 1.12)% 123)%

1.67(0.79, 3.55)

Reference

3.00 (2.52, 3.56)***
1.83(1.78, - - - -
1.89) ***
Reference

Age was estimated as the difference between date of admission and birth date ®Variables in the multivariable logistic regression model for COVID-19 diagnosis: sex,
age, nationality, Indigenous status, type of hospital visit, comorbidity count, length of hospital stays, and death; death was the outcome for model for COVID-19
death Pmedian (quartile 1, quartile 3) reported, Cl: Confidence Interval *p-value <0.05 **p-value <0.01 ***p-value <0.0001

and Aymara. Nosocomial infections have been shown to
increase the risk of death in severe hospitalized COVID-
19 patients [36]. In our study the higher proportion of
hospital acquired infections among non-Indigenous
populations could also help explain the higher odds of

COVID-19 deaths among non-Indigenous compared to
Indigenous populations.

In our analysis from hospital discharge data, we did
not include important variables such as COVID-19 vac-
cination or adherence to non-pharmaceutical inter-
ventions, which could help us better understand the
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Table 9 Univariate and multiple regression models for vaccination rate as a percentage of total population (n=346)

Parameter  Stan- P-value* R-square Model with significant Model with all
estimate*  dard (%)* variables variables
error* Parameter estimates  Parameter estimates
(std error) (p-value) (std error) (p-value)

% Indigenous -0.33 0.06 <0.0001 834 -0.32 (0.06) (<0.0001) -0.32 (0.06) (<0.0001)
% of population aged 0-5 years -0.98 0.82 0.23 041 - -5.26 (2.26) (0.02)
% of population aged 18-64 years -0.29 022 0.19 0.51 - -0.77 (0.96) (0.42)
% of population aged 65 years and above 0.63 0.32 0.05 1.11 - -1.39(0.91) (0.13)
% of males -0.31 0.19 0.10 0.78 - -0.70 (0.42) (0.10)
Average years of schooling (among > 17 years) -1.18 0.74 0.11 0.73 - -0.57 (1.18) (0.63)
% having paid work (among > 17 years) -0.30 0.12 0.014 1.76 -0.27 (0.12) (0.02) -0.14(0.21) (0.51)

*Unadjusted univariate models, R-Square for model with significant predictors=9.82%, R-Square for model with all predictors=12.14%, std error=Standard error

factors associated with COVID-19 diagnosis and mor-
tality among our study sub-groups. Relying on hospital
discharge data, rather than population-level data, might
lead us to overlook asymptomatic patients, those with
mild symptoms, or individuals who were never tested.
This methodological choice limits our results’ gener-
alizability, especially for community-level sub-groups,
due to varying access to testing and care between them.
For Indigenous groups, our findings might underrepre-
sent the actual numbers. Major structural barriers—like
geographic isolation, poverty, racism, discrimination,
language challenges, and cultural differences [37-39]—
hamper their access and utilization of healthcare ser-
vices. Additionally, there is a dearth of national initiatives
or policies addressing the distinct health needs of Indig-
enous populations. Given that Chile’s Indigenous popu-
lation is generally younger than the non-Indigenous
population [14], a larger segment might have been
asymptomatic or had mild symptoms, not requiring hos-
pitalization. This could result in a skewed representa-
tion with a lower proportion of hospitalized Indigenous
COVID-19 cases compared to their non-Indigenous
counterparts. A comparison study based on COVID-19
epidemiological data among the general population may
provide more reliable estimates of the situation at the
population level.

Our results on vaccination rates in the case and control
municipalities and the association between the propor-
tion of Indigenous population and vaccination rate may
be affected by ecological fallacy as we use municipality-
level data, not individual case-level data. On the other
hand, our study is the first to investigate the impact of
COVID-19 by examining individual-level detailed hos-
pital discharge data available from Chile’s Diagnosis-
Related Group (DRG) system. We also supported our
findings using vaccination data at the municipal level
using multiple analytical methods. In addition, to our
knowledge, this is the first study to report the distribu-
tion of secondary diagnosis among cases and deaths with
COVID-19 as primary diagnosis separately for Indige-
nous and non-Indigenous populations in Chile.

Conclusion

Initially, Indigenous populations displayed lower rates of
COVID-19 diagnosis and mortality. However, by 2021,
the odds of COVID-19 diagnosis among Indigenous
groups had significantly risen. The negative association
between the proportion of the Indigenous population
and COVID-19 vaccination rates emphasizes the urgency
of tackling vaccine access barriers. For emerging econo-
mies like Chile, it is crucial to ensure equitable vaccine
distribution, especially among vulnerable groups such as
Indigenous communities.
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