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Abstract

Background

Most of the evidence on risk factors for COVID-19 complications comes from North America
or Europe with very little research from Latin-America. We aimed to evaluate the association
between sociodemographic, clinical factors and the risk of COVID-19 complications among
adults in Chile, the fifth Latin-American country with more COVID-19 reported cases since
de beginning of the Pandemic.

Methods

A retrospective population-based cohort study using data from electronic health records
from a large Primary Care Network, linked to national hospital, immunization, Covid-19 PCR
surveillance, mortality and birth records. We included people 18+ years old enrolled in the
Primary Care Network between 1! January 2020 and 31°' December 2021. Using Multivari-
ate Cox proportional hazard models, we evaluate the association between sociodemo-
graphic, clinical characteristics with three COVID-19 complications: (1) a hospital
admission, (2) an ICU admission, and (3) death due to a COVID-19 infection that occurred
between the 1 January 2020 and the 31! December 2021.

Results

44,674 people were included. The mean age was 44.30 (sd 17.31), 55.6% were female,
15.9% had a type of healthcare insurance for people from the lowest category of income,
11.6% and 9.4% had a record of hypertension or diabetes mellitus diagnosis. Among the
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44,674 people, 455 (1.02%) had a hospital admission due to a COVID-19 infection and 216
(0.48%) of them also had an ICU admission. Among the 44,674 people,148(0.33%) died
due to COVID-19 infection. Older age and male sex were consistently associated with a
higher risk of the three COVID-19 complications. Hypertension and diabetes were associ-
ated with a higher risk of a hospital admission and death, but not with an ICU admissions
due to COVID-19 infection. Having two or more COVID-19 vaccine doses compared with no
doses was associated with a lower risk of any hospital admission (HR 0.81; 95% CI 0.77—
0.84), an ICU admission (HR 0.60; 95% CI 0.57-0.63) and death (HR 0.50; 95% CI 0.46—
0.54). Pregnant or puerperal women were more likely to be admitted to hospital (HR 2.89;
95% Cl 1.41-5.89) or ICU (HR 3.04; 95% Cl 1.01-9.14).

Conclusions

Sociodemographic and clinical factors associated with COVID-19 complications such as
age, sex and pre-existing conditions were comparable to those reported in similar studies
from higher-income countries, and can be used to predict severity in COVID-19 patients.

Introduction

The COVID-19 pandemic had an enormous impact in terms of morbidity and mortality glob-
ally [1]. It has been estimated that by the end of 2021, 3.39 billion people had been infected,
which represents the 43.9% of the global population [2]. By December 2021 a total of 5.94 mil-
lion COVID-19 deaths had been reported worldwide, but more than 18 million deaths due to
COVID were estimated based on excess mortality measures [3]. While Latin-American and
Caribbean was among the regions with a lower rate of COVID-19 infections, it was among
those with the highest cumulative rate of COVID-19 deaths [2], likely to be explained by less
prepared healthcare systems and social security policies [4]. The severity of the disease caused
by the COVID-19 virus could range from mild symptoms to an acute respiratory syndrome
leading to hospital admissions, ICU admissions and death [5-7].

Several recent systematic reviews have summarised the literature regarding risk factors for
COVID-19 complications [8-12]. Results from these systematic reviews show that factors con-
sistently associated with a higher risk of COVID-19 complications are pre-existing comorbidi-
ties, such as hypertension, heart failure, diabetes mellitus, coronary heart disease, cancer,
chronic obstructive pulmonary disease, smoking, age and male gender [8, 9, 12]. Obesity, psy-
chiatric conditions and pregnancy have also been associated to COVID-19 negative outcomes
and severe symptoms [5, 13-18]. Nevertheless, most of the evidence in these systematic
reviews comes from Europe, USA and Asia, with very little research on Latin-American popu-
lations [8, 9, 12]. More recently, a large observational multinational study explored risk factors
for COVID-19 complications among hospitalized patients in Latin America [19]. Risk factors
independently associated with progression to ICU admission were age, shortness of breath,
and obesity [19]. Another large population-based study among confirmed-COVID-19 cases in
Mexico, age was the most predictive factor for mortality. Renal disease, hypertension, diabetes
and obesity were as well associated with a higher risk of dead due to a COVID-19 infection
[20]. Nevertheless, studies exploring risk factors for COVID-19 complications at population
level are scarce.

Chile has a well-established social security system, with 98% of the population having health
insurance, 77% of them affiliated to a public insurance system (FONASA) [21]. Despite being
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ranked as the 28th country with the highest Global Health Security (GHS) Index [22], and
developed an integrated reporting system for COVID-19 surveillance [23], Chile was the fifth
Latin-American country with more COVID-19 reported cases since the beginning of the Pan-
demic, and a cumulative number of 5.3 million COVID-19 infections and 61 thousand deaths
by November 2023 [24]. Understanding to what extent factors associated with COVID-19
complications in the literature are applicable in this context is key for the healthcare system.

We aimed to evaluate the association between sociodemographic, clinical factors and the
risk of COVID-19 complications among adults from a community-based healthcare network
in Chile. We evaluated the association between sociodemographic, clinical factors and the risk
of hospital admissions, admissions to ICU and death due to a COVID-19 infection and esti-
mated the effect of sex and COVID-19 infection in these associations.

Materials and methods
Design and data sources

This is a retrospective population-based cohort study using data from electronic health records
from all people enrolled in three Primary Care Practices from the Ancora Network, linked to
hospital records from the Servicio de Salud Metropolitano Sur-Oriente (SSMSO), the national
immunization registry, the mortality and birth records from the Department for National
Health Statistics (Departamento de Estadisticas e Informacion en Salud—DEIS), and records
from the National COVID-19 PCR surveillance data. The national COVID-19 PCR surveil-
lance data contained information on all COVID-19 confirmed cases in Chile during the study
period, with included PCR and Antigen Rapid Test confirmed cases. The data from all these
sources was linked by the SSMSO Statistical Unit using the National Identification Number
(RUN) that uniquely identify all citizens in the country, and then anonymized and made avail-
able for researchers. We used this dataset as it is the only dataset in Chile that currently links
primary healthcare records with hospital records and national registries such as the national
immunization registry and mortality records.

The Ancora Network is a local healthcare service network located in the South-East area of
the Metropolitan Region in Chile and includes three primary healthcare centres providing
care for more than 60,000 people from three different boroughs. The population enrolled in
these healthcare centres is younger, with a smaller proportion of people over 65 years old than
the national and regional average. However, has a similar distribution in terms of type of pub-
lic health insurance (S1 Table and S1 Fig) [25, 26].

The Ancora Network electronic health records used in this study include information on
patients” demographic characteristics, recorded diagnoses coded based on the International
Classification of Primary Care (ICPC-2), encounters, and prescriptions data.

The data was accessed for research purposes between 21* November 2022 and 31°* July
2023. The data was previously anonymized by the data controller and authors did not have
access to information that could identify individual participants during or after data analysis.

The aim of this study was to examine risk in the general population rather than in a popula-
tion infected with COVID-19. This approach has been taken by other researchers to avoid mis-
classification bias [27], as testing for COVID-19 cases has not always been carried out at
community level. Therefore, all patients were included irrespective of any COVID-19 test
results.

Population

We included all people 18 years or older, enrolled in one of the three primary healthcare cen-
ters from the Ancora Network between 1* January 2020 and 31** December 2021. People were
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excluded if they had an invalid National Identification Number (8 people with invalid RUN),
or when no date for enrolment was available (n = 301) due to errors in the dataset.

Outcome

We considered three outcomes for this study: (1) a hospital admission due to a COVID-19
infection, (2) an ICU admission due to a COVID-19 infection, and (3) death due to a COVID-
19 infection that occurred between the 1% January 2020 and the 31 December 2021.

Hospital admissions were identified from the SSMSO hospital records that include all
admissions in public and private institutions for people enrolled in any SSMSO primary
healthcare centre. We used the date of admission and discharge diagnoses to identify people
with hospital admissions due to a COVID-19 infection, and the ward where the patient stayed
to identify those who were admitted to the ICU. ICU admissions then include direct admis-
sions to ICU and admissions to ICU from a general ward. COVID-19 cases were identified
among those admissions based on PCR test results recorded in the hospital records or the
National Covid-19 PCR surveillance data. We only considered admissions due to a COVID-19
infection and only the first admission to hospital for the outcome as only a small proportion
(<1%) of the cohort had more than one hospital admission. Duplicates by date of admission
were removed. We used death certificate records from DEIS to identify people who died with
a diagnosis of COVID-19 as an underlying or contributing cause of death between the 1% Janu-
ary 2020 and the 31** December 2021.

Based on Ayala et al [28], we identified the Pandemic waves were hospital admissions and
deaths due to COVID-19 occurred.

Explanatory variables

Sociodemographic characteristics. We identify the date of enrolment, the primary
healthcare centre of enrolment, sex and the type of public (FONASA) healthcare insurance of
each participant in primary care records from the Ancora Network. People with public health
insurance in Chile are classified according to their income in four categories been A the lowest
and D the highest income category [26]. We used the public health insurance categories avail-
able in primary care records. We calculated the age on the 1% January 2020 from the date of
birth available in primary care records.

Clinical characteristics. We looked at 14 chronic conditions reported in the literature as
associated with COVID-19 complications [12]. As diagnoses and chronic conditions are not
systematically coded in the Ancora Network clinical records, we designed a code to identify
these 14 conditions in non-structured records of diagnosis available from primary care clinical
records data. We used all consultation and prescription records available for each person in
the cohort to identify whether they had a record of any of these 14 conditions the year before
the date of the outcome or censoring. We extracted all prescriptions filled during the
12-months preceding the outcome of interest or censoring. We identified all prescriptions for
chronic conditions and the diagnosis assigned to each prescription. We defined then people
with a diagnosis of a chronic condition according to the presence of a) the diagnosis, or b) a
prescription generated for that diagnosis, during the year before the outcome or censoring.
We counted the number of different chronic conditions identified in each person as a measure
of comorbidities as used in previous research [29]. After removing non-prescription drugs
(delivery of syringes, food, or creams, etc), we identified repeated prescriptions as those pre-
scription codes dispatched more than three times during the year before the outcome. We
counted the number of repeated prescriptions during this period as a measure of comorbidities
as used in previous research [29]. All codes used are available in the S2 Table.
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Using data from the electronic health record we calculated the number of encounters (vir-
tual and face-to-face appointments) that people had with a physician or a nurse in the primary
healthcare centre the year before the outcome or censoring (12 months) using the date, type of
contact and healthcare professional involved.

The National Immunisation registry contains information on all vaccine doses adminis-
tered in Chile. We identified all people who had an influenza vaccine, and the number of
COVID-19 vaccine doses the year before the outcome or censoring from National Immunisa-
tion records. National birth records from the DEIS contain information on date of birth, gesta-
tional week and information about the mother of all birth registered in the country.
Information was linked to the SSMSO data using the National Identification Number of the
mother recorded in birth certificates. This information was used to identify women who were
pregnant or puerperal before the outcome or censoring. We use the National COVID-19 PCR
surveillance data to identify people with a positive result of a COVID-19 PCR test during the
study period.

Analysis. Data were described using count and percentage for categorical variables and
mean and SD for continuous variables. Chi2 and t-test were used to analysed associations
between the outcome variables and categorical or continuous variables respectively. We plot-
ted the distribution of hospital admissions due to COVID-19 infection, admissions to ICU due
to COVID-19 infection and deaths due to COVID-19 infection between the 1*' January 2020
and the 31* December 2021 observed for the entire cohort by epidemiological week.

We calculated the follow-up time based on the date the participant was registered in the
healthcare centre or the study starting date (1** January 2020) whichever was later, and the
date of the event (hospital admission or death) or the end of the study period (31* December
2021) whichever was first.

We used a Kaplan-Meier failure function to explore the relationship between each explana-
tory variables and the three outcomes of the study. Results from this exploration are available
in S2 Fig. We used Cox proportional hazard model to evaluate the association between the
explanatory variables and each of the outcomes of the study separately. Multivariate Cox pro-
portional hazard models were fitted using the stset command in Stata, specifying the health-
care primary care centre as a strata variable. Age, sex, type of FONASA insurance, number of
encounters with physicians and nurses in primary care, influenza and COVID-19 vaccine
doses were forced in the model. Age was categorised to understand the effect in people older
than 70 years. For the outcome deaths due to COVID-19 infection, we used as reference the
category 18 to 54 year as no person younger than 35 died from COVID-19 during this period
[30]. As the count of comorbidities and frequently dispatched drugs are correlated, we only
included the count of dispatched drugs as some of the comorbidities identified were underre-
ported in primary care records [30]. This approach to assessing multimorbidity performs simi-
larly to other multimorbidity indexes such as the Charlson Comorbidity Index or the count of
comorbidities to predict 3-year mortality [29]. The number of frequently dispatched drugs was
categorised in Table 1 to facilitate comprehension, but included as a continuous variable in the
model. We also included in the models the conditions hypertension, diabetes and depression
to explore their independent effect in the outcomes. We did not include other chronic condi-
tions as their proportion in the cohort was significantly lower than expected based on estima-
tions from the National Health Survey and we hypothesise they were likely being
underreported in the data. Missing values in explanatory variables was treated as missing at
random and excluded from the model as the proportion was small (<5%).

We tested the proportionality assumption for explanatory variables in the model using the
Test of proportional hazards assumption (phtest) on the basis of Schoenfeld residuals after fit-
ting the model. Results from this analysis are in S3 Table. As some of the explanatory variables
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(age, sex and COVID-19 vaccine doses) violated of the proportional assumption in some of
the models, we fitted models specifying those variables to vary continuously with respect to
time, using the interaction with the logarithm of analysis time.

We used two subgroup analyses. The first subgroup analysis was used to explore the effect
of sex and pregnancy on the outcomes of this study. As no pregnant or puerperal women died
of COVID-19 in this cohort, pregnancy was excluded from the models for COVID-19 death.
The second subgroup analysis was used to explore the risk of having a COVID-19 complica-
tion only among people who had a confirmed COVID-19 infection during the study period

We used Stata© version 17.0 MP-parallel Edition for the analysis.

Ethical statement

This study was approved by the Pontificia Universidad Catolica de Chile Etical Committee (ID
220570006) in July 2022 and by the Servicio de Salud Metropolitano Sur Oriente Etical Com-
mittee in October 2022.

Results

We identified 44,983 people older than 18 years enrolled in one of the three Ancora Network
Primary care centres between the 1% January 2020 and 31% December 2021. In 301 of them,
there was no date of enrolment and in eight of them, the National Identification number was
invalid and therefore, were excluded. The 44,674 people included were distributed as 12,192 in
centre 1, 15,996 in centre 2 and 16,486 in centre 3 (Fig 1). Sociodemographic characteristics of
the cohort by centre can be found in S4 Table.

Sociodemographic and clinical characteristics

The mean age of the cohort was 44.3 (sd 17.31) years old, with 36.3% of the cohort being youn-
ger than 34 years old. 55.6% of the cohort was female, 15.9% had a type of healthcare insurance
for people from the lowest category of income and 28.5% for people from the highest category
of income. The majority of the cohort (71.8%) had no chronic comorbidities, 11.6% and 9.4%
had a record of hypertension or diabetes mellitus diagnosis in their clinical records respec-
tively, and 19.2% had three or more frequently dispatched drugs in the past year. We found
481 women who were pregnant or puerperal the year before the outcome or the end of the
study. 87.5% of the cohort had at least one COVID-19 vaccine dose during the period of study
and only 7.7% had an influenza vaccine the year before. Only 6185 people had a positive PCR
for COVID-19 infection between 2020 and 2021, and 1.2% had more than one (Table 1). The
mean follow-up period for the entire cohort was 712.9 (SD 84.27) days.

Hospital admissions and deaths due to COVID-19 infection

Among the 44,674 people in the cohort, 455 (1.02%) had a hospital admission due to a
COVID-19 infection, and 216 of them were also admitted to the ICU due to COVID-19 infec-
tion between 2020 and 2021. Of the 455 hospital admissions identified in the cohort, 161
(35.38%) occurred during the first Pandemic wave, 221(48.57%) during the second Pandemic
wave, 5(1.1%) during the third Pandemic wave, and 68(14.95%) occurred between wave peri-
ods (Fig 2).

We identified 533 decedents in the cohort between 2020 and 2021, 148 of them died with
COVID-19 as an underlying or contributing cause of death. Of the 455 people admitted to hos-
pital due to COVID-19 infection, 87 also died with COVID-19 during the study period. Of the
148 COVID-19 deaths identified in the cohort, 68(45.95%) occurred during the first Pandemic
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People older than 18 yo enrolled
in Ancora Network

n=44,983

No date of enrolment (n=301)
Invalid RUN (n=8)

People older than 18 yo enrolled
in Ancora Network included in

the study
N=44.674
Centre 1 Centre 2 Centre 3
N=12,192 N=15,996 N=16,486

Covid positive tests n=2,181
(17.9%)

Hospital admissions due to
COVID-19 infection n=151 (1.2%)

ICU admissions due to COVID-19
infection n=67 (0.5%)

Death due to COVID-19 infection
=50 (0.4%)

Covid positive tests n=2,125
(13.3%)

Hospital admissions due to
COVID-19 infection n=154 (1.0%)

ICU admissions due to COVID-19
infection n=78 (0.5%)

Death due to COVID-19 infection
n=52 (0.3%)

Covid positive tests n=1,879
(11.4%)

Hospital admissions due to
COVID-19 infection n=150 (0.9%)

ICU admissions due to COVID-19
infection n=71 (0.4%)

Death due to COVID-19 infection
n=46 (0.3%)

Fig 1. Flow diagram of the cohort. The diagram shows the numbers of people (n) excluded at different stages and the
final number of people included and with an identification of cases for the outcomes by centre.

https://doi.org/10.1371/journal.pone.0314376.g001

wave, 38(25.68%) during the second Pandemic, and 42(28.38%) occurred between wave
periods.

Fig 2 shows the distribution of hospital admissions due to COVID-19 infection, ICU admis-
sions due to COVID-19 infection and deaths due to COVID-19 infection in the cohort by epi-
demiological week in 2020 and 2021.

People with a hospital admission due to COVID-19 infection, an ICU admission due to
COVID-19 infection or death due to COVID-19 infection were older, had a higher count of
comorbidities and frequently dispatched drugs, had a higher prevalence of hypertension, dia-
betes and depression, had more contacts with physicians and nurses during the previous year
and were more likely to have no COVID-19 vaccine doses (Table 1).

Multivariate Cox proportional hazard model

Sociodemographic factors. Age was consistently associated with the three outcomes of
the study and interacted with time for hospital and ICU admissions. People 70 years or older
had 1.53 times (HR 1.53; 95% CI 1.43 to 1.64) and 1.40 (HR 1.40; 95% CI 1.26 to 1.55) higher
risk of being admitted to hospital or have an ICU admission due to a COVID-19 infection
than those between 18 and 34 years old respectively during the study period. People 70 years
or older had 1.88 times (HR 1.88; 95% CI 1.69 to 2.08) higher risk of dying due to a COVID-19
infection during the period of study than those aged 54 years or younger (Table 2 and Fig 3).
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Fig 2. Distribution of hospital admissions due to COVID-19 infection, ICU admissions due to COVID-19
infection and deaths due to COVID-19 infection in the population cohort by epidemiological week.

https://doi.org/10.1371/journal.pone.0314376.9002

Compared with male sex, females were 0.96 (95% CI 0.93 to 1.00), 0.94 (95% CI 0.89 to
0.99) and 0.64 (95% CI 0.45 to 0.91) times less likely to be admitted to hospital, admitted to
ICU or die due to a COVID-19 infection (Table 2 and Fig 3). The type of healthcare insurance
was associated with the risk of a hospital admission due to a COVID-19 infection but not with
an ICU admission or death due to COVID-19 infection. People with healthcare insurance
from the highest category of income (FONASA D) were 1.38 times (95% CI 1.01 to 1.88) more
likely to be admitted to hospital due to a COVID-19 infection than those from the lowest cate-
gory of income (FONASA A) (Table 2).

Clinical factors

People with a diagnosis of hypertension and diabetes mellitus were more likely to be admitted
to hospital and die due to a COVID infection, but these two comorbidities were not associated
to ICU admissions due to COVID-19 infection. The number of frequently dispatched drugs
was associated with a higher risk of a hospital (HR 1.10; 95% CI 1.07 to 1.14) and ICU admis-
sion (HR 1.13; 95% CI 1.08 to 1.17) due to COVID-19 infection but not with death due to
COVID-19 infection (HR 1.03; 95% CI 0.98 to 1.08).

The number of COVID vaccine doses was consistently associated with a lower risk of hospi-
tal, ICU admissions, and death due to a COVID-19 infection, with a clear gradient in the
reduction of the risk by number of doses. People with three or more doses of COVID vaccine
had a 0.57 lower risk (HR 0.57; 95% CI 0.54 to 0.59) of being admitted to hospital due to
COVID-19 infection than those with no dose. People with two or more COVID vaccine doses
had 0.60 (HR 0.60; 95% CI 0.57 to 0.63) and 0.50 (HR 0.50; 95% CI 0.46 to 0.54) the risk of hav-
ing an ICU admission or dying due to COVID-19 infection than those without a COVID vac-
cine respectively (Table 2 and Fig 3).
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Table 2. Hazard Ratio of the risk for a hospital admission, an ICU admission or death due to COVID-19 infection

between 2020 and 2021.
A hospitalization due to| An UCI/UTI hospital | Death due to COVID-19
COVID-19 infection admission due to infection
COVID-19 infection
n = 42,592 n =42,592 n =42,592
HR| 95%CI | p- | HR| 95%CI | p- HR| 95%CI | p-
value value value
Age categories (Ref 18 to 34)
35to 54 1.27 | (1.20- | <0.001|1.26 | (1.16- | <0.001
1.35) 1.37)
55 to 69 1.46 | (1.38- | <0.001 | 1.44 | (1.32- |<0.001| 1.60*| (1.45- | <0.001
1.56) 1.57) 1.76)
>70 1.53 | (1.43- | <0.001|1.40  (1.26- | <0.001| 1.88*| (1.69- | <0.001
1.64) 1.55) 2.08)
Sex (Ref Male)
Female 0.96 | (0.93- 0.035 | 0.94| (0.89- 0.012 0.64 | (0.45- 0.012
1.00) 0.99) 0.91)
Tramo fonasa (Ref A lowest
income)
B 1.20 | (0.89- 0.220 | 0.90 | (0.58- 0.620 1.00 | (0.59- 0.992
1.62) 1.38) 1.69)
C 1.45| (1.03- 0.032 | 1.46 | (0.92- 0.109 1.02 | (0.54- 0.953
2.03) 2.32) 1.94)
D (highest income) 1.38 | (1.01- 0.042 | 1.44| (0.94- 0.092 1.07 | (0.59- 0.832
1.88) 2.18) 1.91)
Record of Comorbidities in
Primary Care
HTA (Ref No) 1.39 | (1.09- 0.007 | 1.37 | (0.96- 0.080 142 | (0.97- 0.072
1.76) 1.95) 2.09)
DM (Ref No) 1.39 | (1.08- 0.011 |1.23| (0.83- 0.299 2.04| (1.36- 0.001
1.80) 1.81) 3.06)
Depression (Ref No) 097 | (0.70- | 0.832 |124| (0.79- | 0350 | 1.46| (0.86- | 0.165
1.33) 1.93) 2.47)
Frequently dispatched drugs 1.10 | (1.07- | <0.001 |1.13 | (1.08- | <0.001 1.03 | (0.98- 0.219
1.14) 1.17) 1.08)
Number of encounters with 142 | (0.97- 0.068 | 1.68 | (1.02- 0.040 1.56 | (0.79- 0.199
Physicians 2.07) 2.75) 3.05)
Number of encounters with 1.04 | (0.98- 0.188 | 1.02 | (0.92- 0.663 1.13 | (1.06- 0.001
nurses 1.10) 1.14) 1.22)
Influenza vaccine previous year 1.09 | (1.03- 0.003 | 1.23| (0.77- 0.378 0.97 | (0.86- 0.575
(Ref No) 1.15) 1.96) 1.09)
Number of Covid vaccine doses
received (Ref 0)
1 097 | (0.92- | 0350 |0.94| (0.86- | 0.135 | 0.86**| (0.76- | 0.028
1.03) 1.02) 0.98)
2 0.8 | (0.77- | <0.001|0.60 | (0.57- | <0.001|0.50** | (0.46- | <0.001
0.84) 0.63) 0.54)
(Continued)
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Table 2. (Continued)

A hospitalization due to| An UCI/UTI hospital | Death due to COVID-19
COVID-19 infection admission due to infection
COVID-19 infection
n =42,592 n =42,592 n =42,592
3 0.57 | (0.54- | <0.001
0.59)

HTA: hypertension; DM: diabetes mellitus

(*) Reference 18 to 55 yo

(**) Reference 0, categories 1, 2+ doses.

': age, sex, influenza vaccine and COVID-19 vaccines included as time-varying covariate
% age, sex and COVID-19 vaccines included as time-varying covariate

% age, influenza vaccine and COVID-19 vaccines included as time-varying covariate.

https://doi.org/10.1371/journal.pone.0314376.t1002

Subgroup analysis
The first subgroup analysis by sex shows that the increase in the risk of having a hospital
admission, an ICU admission or death due to a COVID-19 infection by age was higher for
males than females. The Hazard Ratio of a hospital admission and ICU admission due to
COVID-19 infection for males older than 70 years (versus those younger than 34 years) was
1.8 (95% CI 1.60 to 2.03) and 1.68 (95% CI 1.43 to 1.99) in contrast to 1.37(95% CI 1.26 to
1.50) and 1.17 (95% CI 1.01 to 1.37) for females respectively (Fig 4 and S5 Table). A similar
pattern is observed for deaths due to COVID-19 infection (Fig 4 and S5 Table).

The risk of hospital admission due to COVID-19 infection and deaths due to COVID-19
infection for people with hypertension and diabetes mellitus also differed by sex. A diagnosis

Any hospital admission ICU admission COVID-19 death

Age 35-54 (Ref 18-34)"
Age 55-60 (Ref 18-34)"
Age >70 (Ref 18-34)"

Female (Ref Male)
Fonasa B (Ref A lowest income)

Fonasa C (Ref A)

Fonasa D highest income (Ref A)

HTA (Ref No)

DM (Ref No)

Depre (RefNo)| |

Frequently drugs
Number contacts 1 year

Number visits nurses 1 year

Influenza Vaccine (Ref No)
Dosis Covid-19 vaccine 1 (Ref 0)
Dosis Covid-19 vaccine 2 (Ref 0)**

Dosis Covid-19 vaccine 3+ (Ref 0)

it

H

4

T T
0 1 2

I COVIO-19 Geath et 1854
10 KCU amisions nd COVO-10 Geath, 2 of mave

Fig 3. Hazard Ratio of the risk for a hospital admission, ICU admission or death due to COVID-19 infection
between 2020 and 2021.

https://doi.org/10.1371/journal.pone.0314376.g003
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Fig 4. Subgroup analysis: Hazard Ratio of the risk for a hospital admission, ICU admission or death due to
COVID-19 infection between 2020 and 2021, by sex.

https://doi.org/10.1371/journal.pone.0314376.9004

of hypertension was associated with a higher risk of hospital admission due to COVID-19
infection among males (HR 1.47; 95% CI 1.06 to 2.04) but not among females (HR 1.31; 95%
CI 0.91 to 1.84). However, the diagnosis of hypertension was associated with a higher risk of
deaths due to COVID-19 infection among females (HR 1.73; 95% CI 0.99 to 3.04) but not
among males (HR 1.24; 95% CI 0.72 to 2.12) (Fig 4 and S5 Table).

Female that were pregnant or puerperal during the period of exposure were 2.89 (95% CI
1.41 to 5.89) and 3.04 (95% CI 1.01 to 9.14) times more likely to have a hospital admission or
ICU admission due to COVID-19 infection than those who were not pregnant of puerperal
respectively (Fig 4 and S5 Table). No pregnant women in this cohort died due to a COVID
infection.

The second subgroup analysis among people with a confirmed COVID-19 infection shows
similar results, with Hazard Ratio for age and COVID-19 vaccine doses higher than the Hazard
Ratio in the models for the entire cohort. Sex is no longer statistically significantly associated
with any of the three outcomes when including only people with a confirmed COVID-19
infection (S6 Table).

Discussion

In this population-based study using a cohort of people enrolled in a large Primary Care Net-
work in Chile, we identify a prevalence of COVID-19 complications of 1.02% for hospital
admission, 0.48% for ICU admission and 0.33% for deaths due to COVID-19 infection. Older
age and male sex were associated with a higher risk of these three COVID-19 complications.
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Hypertension and diabetes mellitus conditions were associated with a higher risk of a hospital
admission and death due to COVID-19 infection, but not with ICU admissions and being
pregnant was associated with a higher risk of a hospital and ICU admission due to COVID-19
infection. Two or more COVID-19 vaccine doses was consistently associated with a lower risk
of these three outcomes.

To our knowledge, this is the first population-based study exploring factors associated with
COVID-19 complications in Chile. Most of the evidence in risk factors for COVID-19 compli-
cations comes from Europe, USA and Asia, which might not necessarily be useful for the Latin
American context. In Treskova-Schwarzbach et al [12], 160 primary studies from 120 system-
atic reviews investigating risk factors for COVID-19 complications were retrieve, and only 10
were from a Latin-American country: six from Mexico [31-35], three from Brazil [36-38],
Five articles exploring factors associated with COVID-19 complications or severity in Chile
have been published since then [39-43]. However, all these studies analysed risk factors for
hospital patients and were not population-based, which might overestimate the risk at a popu-
lation level.

We found older age and male sex were consistently and significantly associated with a
higher risk of the three COVID-19 complications analysed in this study. These findings are
consistent with findings from other regions [8, 44]. Furthermore, older age was the strongest
predictor of COVID-19 death, after adjusting by comorbidities and COVID-19 vaccination.
Different effects of age in COVID-19 outcomes have been described in the literature. In Starke
et al systematic review, age was lineally associated with a higher risk of COVID-19 mortality
after adjusting for comorbidities, with no evidence of a specific age threshold and no signifi-
cant association with ICU admissions [45]. Instead, in Bonanad et al systematic review, a larger
increase in mortality risk was observed in patients aged 60 to 69 years compared with those
aged 50 to 59 years, and an exponential increase in mortality risk by age was observed [46]. In
our study, age shows a significant trend towards a higher COVID-19 mortality risk, with a
higher HR in older adults. However, a different pattern is observed for hospital and ICU
admissions. People aged 70 years and older had a lower HR for hospital and ICU admissions
due to COVID-19 infection comparing to those aged between 18 and 34, than those between
55 and 69 years old. This is likely to be the effect of hospital protocols to prioritise scares
healthcare resources towards younger adults with higher chances of survival, rather than a bio-
logical effect of COVID-19.

We found people with hypertension and diabetes mellitus had a higher risk of a hospital
admission and death due to COVID-19 infection. These findings are consistent with the inter-
national literature. Treskova-Schwarzbach et al systematic review, results from the meta-analy-
sis of high-quality studies, the risk of hospital admission for people with diabetes mellitus
ranged from 1.77 to 2.03, and the risk of COVID-death ranged from 1.21 to 2.02 [12], similar
to the 1.36 and 2.04 HR found in this study. Hypertension has also been associated with a
higher risk of hospital admission in the European region and COVID-19 mortality, with Odds
Ratios between 1.3 and 1.69 [12]. While people with diabetes and hypertension in our cohort
had a higher risk of ICU admission, this association was not statistically significant unlike
results from international studies. In Booth et al systematic review, hypertension was associ-
ated with a higher risk of COVID-19 severity and mortality in the univariate analysis, but the
risk of COVID-19 severe presentation was not statistically significant in the multivariate
pooled risk analysis [8]. Instead, obesity showed a strong correlation with COVID-19 severity
and mortality in both univariate and multivariate pooled risk analysis. In an observational
study in Mexican population, Bello-Chavolla et al found that obesity mediate 49.5% of the
effect of diabetes on COVID-19 mortality and that conferred an increased risk for ICU admis-
sion [35]. We were not able to identify people with obesity or overweight in our cohort as it
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was not available in the dataset, and therefore we could not account for this important
confounder.

We found women who were pregnant or puerperal during the study period had 2.89- and
3.04-times higher chances of being admitted to hospital or ICU due to COVID-19 infection
respectively, but no pregnant women in our cohort died from COVID-19. Two systematic
reviews based on case reports have reported higher rate of adverse pregnancy outcomes,
including preterm birth and pregnancy loss, as well as severe morbidity in pregnant women
with COVID-19 infection, but clinical presentations similar to the general population [13, 14].
In Khan et al systematic review, pregnant women with a COVID-19 infection were more likely
to be asymptomatic than non-pregnant women. The pooled relative risk from the meta-analy-
sis of more than 400 thousand participants found no difference in the risk of COVID-19 sever-
ity, but a higher risk of ICU admission amongst pregnant women [15]. In an analysis of
hospital admissions among pregnant women in eight United State hospitals during the
COVID-19 pandemic, the most frequent reason for admission were obstetric reasons [47]. In
this study, we included all hospital admissions associated to a COVID-19 infection. The higher
risk of hospital admission among pregnant women with COVID-19 infection might be
explained by pregnant women who were admitted for other non-COVID-19 related reasons
and that were infected in hospital.

We found a strong association between COVID-19 vaccination and a lower risk of
COVID-19 complications, with a significant and decreasing gradient in the risk of all COVID-
19 complications by COVID-19 number of doses. Safety and efficacy of COVID-19 vaccines
has been widely reported [48-50]. Chile initiated the COVID-19 vaccine programme in
December 2020. By January 2022, 44 million COVID-19 vaccine doses had been administrated
and 86% of the population had received at least one COVID-19 vaccine dose [51]. Accounting
for the number of COVID-19 vaccine doses people received is an important strength of this
study.

Strengths and limitations

This study has several strengths. It is a population-based study using data from primary care
records linked to five national datasets, which allow us to retrieve all hospital admissions,
deaths, immunisation, births and COVID-19 PCR results occurred in this population, reduc-
ing the risk of selection and information bias. This design allowed us to access a large cohort of
exposed people during the period of study, being one of the largest cohort studies exploring
risk factors for COVID-19 complications, contributing the knowledge in this field for the
Latin American population. Nevertheless, this study has some limitations. The population
included is not necessarily representative of the country. Hospital capacity, in particular dur-
ing COVID-19 waves, might have prevented some people to be admitted to hospital or ICU
even when it was clinically appropriate, which might affect risk factor estimators. Nevertheless,
hospital and ICU admissions derived to the private sector when public health hospital were
loaded were also included. We were not able to include all pre-existing chronic conditions
associated with COVID-19 infection in the literature, such as obesity, chronic kidney disease,
symptoms, diabetes and hypertension level of control, or factors such as mechanical ventila-
tion or wave of infection due to the lack of structured and systematic recording in primary and
hospital healthcare records. We included all people registered in the Ancora Primary Care Net-
work and not just people who had been infected, assuming all the population had the same
risk of COVID-19 infection. Lockdown measures in Chile were implemented by borough and
therefore, it is possible to assume that most of the population living in the same borough had a
similar exposure to COVID-19. However, people s behaviours might have also determined the
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level of exposure and risk to COVID-19 complications. We were not able to assess this in our
study. Nevertheless, including only people with a positive COVID-19 PCR or Antigen Rapid
Test would have sub estimate the number of people infected during this period, as asymptom-
atic people were not routinely tested.

Conclusion

In this population-based study using a cohort of people enrolled in a large Primary Care Net-
work in Chile, sociodemographic and clinical factors such as age, sex and pre-existing comor-
bidities were significantly associated with COVID-19 complications. Risk factors were
comparable to those reported in similar studies from other high-income countries, and can be
used to predict severity in COVID-19 patients. COVID-19 vaccination was the most signifi-
cant protective factor for COVID-19 complications.

Supporting information

S1 Fig. Map of Santiago with location of the three primary healthcare centres.
(TIF)

S2 Fig. Kaplan-Meier failure functions.
(DOCX)

S1 Table. Comparing national, regional and Ancora Network population s characteristics.
(DOCX)

S2 Table. Codes to define comorbidities.
(DOCX)

S3 Table. Results from the test of proportional hazards assumption (phtest).
(DOCX)

$4 Table. Sociodemographic and clinical characteristics by healthcare centre.
(DOCX)

§5 Table. Hazard Ratio for subgroup analysis by sex.
(DOCX)

S6 Table. Hazard Ratio for subgroup analysis for people with a confirmed COVID-19
infection.
(DOCX)

Author Contributions

Conceptualization: Javiera Leniz, Mauricio Soto, Eduardo Arenas, Paula Margozzini, Fran-
cisco Suarez, Daniel Capurro, Maria Paulina Rojas, Claudia Bambs.

Data curation: Javiera Leniz, Sam Hernandez-Jafia, Mauricio Soto, Eduardo Arenas, Fran-
cisco Suarez.

Formal analysis: Javiera Leniz, Sam Hernandez-Jafa.

Investigation: Javiera Leniz, Sam Hernandez-Jafa, Paula Margozzini, Maria Paulina Rojas,
Claudia Bambs.

Methodology: Javiera Leniz, Mauricio Soto, Paula Margozzini, Daniel Capurro, Maria Paulina
Rojas, Claudia Bambs.

PLOS ONE | https://doi.org/10.1371/journal.pone.0314376 December 30, 2024 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0314376.s008
https://doi.org/10.1371/journal.pone.0314376

PLOS ONE

Severe complications by SARS-CoV-2 infection in a community-based healthcare network in Chile

Project administration: Javiera Leniz.
Software: Javiera Leniz, Sam Hernandez-Jafa, Eduardo Arenas, Francisco Suarez.
Supervision: Javiera Leniz, Paula Margozzini, Maria Paulina Rojas, Claudia Bambs.

Validation: Javiera Leniz, Mauricio Soto, Eduardo Arenas, Paula Margozzini, Francisco Sua-
rez, Daniel Capurro, Maria Paulina Rojas, Claudia Bambs.

Visualization: Javiera Leniz.
Writing - original draft: Javiera Leniz.

Writing - review & editing: Javiera Leniz, Sam Hernandez-Jafia, Mauricio Soto, Eduardo
Arenas, Paula Margozzini, Francisco Suarez, Daniel Capurro, Maria Paulina Rojas, Claudia
Bambs.

References

1. Hiscott J, Alexandridi M, Muscolini M, Tassone E, Palermo E, Soultsioti M, et al. The global impact of
the coronavirus pandemic. Cytokine Growth Factor Rev. 2020; 53: 1-9. https://doi.org/10.1016/].
cytogfr.2020.05.010 PMID: 32487439

2. Barber RM, Sorensen RJD, Pigott DM, Bisignano C, Carter A, Amlag JO, et al. Estimating global,
regional, and national daily and cumulative infections with SARS-CoV-2 through Nov 14, 2021: a statis-
tical analysis. Lancet. 2022; 399: 2351-2380. https://doi.org/10.1016/S0140-6736(22)00484-6 PMID:
35405084

3. WangH, Paulson KR, Pease SA, Watson S, Comfort H, Zheng P, et al. Estimating excess mortality due
to the COVID-19 pandemic: a systematic analysis of COVID-19-related mortality, 2020—21. Lancet.
2022; 399: 1513—-1536. https://doi.org/10.1016/S0140-6736(21)02796-3 PMID: 35279232

4. Balboa-Castillo T, Andrade-Mayorga O, Marzuca-Nassr GN, Morales lllanes G, Ortiz M, Schiferlli |,
et al. Pre-existing conditions in Latin America and factors associated with adverse outcomes of COVID-
19: A review. Medwave. 2021; 21: e8181. https://doi.org/10.5867/MEDWAVE.2021.04.8180 PMID:
34037583

5. SharmaJ, Rajput R, Bhatia M, Arora P, Sood V. Clinical Predictors of COVID-19 Severity and Mortality:
A Perspective. Front Cell Infect Microbiol. 2021; 11. https://doi.org/10.3389/fcimb.2021.674277 PMID:
34760713

6. Sheleme T, Bekele F, Ayela T. Clinical Presentation of Patients Infected with Coronavirus Disease 19:
A Systematic Review. Infect Dis. 2020; 13: 117863372095207. https://doi.org/10.1177/
1178633720952076 PMID: 32973375

7. Aguilar RB, Hardigan P, Mayi B, Sider D, Piotrkowski J, Mehta JP, et al. Current Understanding of
COVID-19 Clinical Course and Investigational Treatments. Front Med (Lausanne). 2020; 7. https://doi.
0rg/10.3389/fmed.2020.555301 PMID: 33195304

8. Booth A, Reed AB, Ponzo S, Yassaee A, Aral M, Plans D, et al. Population risk factors for severe dis-
ease and mortality in COVID-19: A global systematic review and meta-analysis. PLoS One. 2021; 16.
https://doi.org/10.1371/journal.pone.0247461 PMID: 33661992

9. Keller KG, Reangsing C, Schneider JK. Clinical presentation and outcomes of hospitalized adults with
COVID-19: A systematic review. J Adv Nurs. 2020; 76: 3235-3257. https://doi.org/10.1111/jan.14558
PMID: 32881050

10. Makovski TT, Ghattas J, Monnier-Besnard S, Cavillot L, Ambrozova M, Vasinova B, et al. Multimorbidity
and frailty are associated with poorer SARS-CoV-2-related outcomes: systematic review of population-
based studies. Aging Clin Exp Res. 2024; 36: 40. https://doi.org/10.1007/s40520-023-02685-4 PMID:
38353841

11. LiC,Islam N, Gutierrez JP, Gutiérrez-Barreto SE, Castarieda Prado A, Moolenaar RL, et al. Associa-
tions of diabetes, hypertension and obesity with COVID-19 mortality: a systematic review and meta-
analysis. BMJ Glob Health. 2023; 8: €012581. https://doi.org/10.1136/bmjgh-2023-012581 PMID:
38097276

12. Treskova-Schwarzbach M, Haas L, Reda S, Pilic A, Borodova A, Karimi K, et al. Pre-existing health
conditions and severe COVID-19 outcomes: an umbrella review approach and meta-analysis of global
evidence. BMC Med. 2021; 19. https://doi.org/10.1186/s12916-021-02058-6 PMID: 34446016

PLOS ONE | https://doi.org/10.1371/journal.pone.0314376 December 30, 2024 16/18


https://doi.org/10.1016/j.cytogfr.2020.05.010
https://doi.org/10.1016/j.cytogfr.2020.05.010
http://www.ncbi.nlm.nih.gov/pubmed/32487439
https://doi.org/10.1016/S0140-6736%2822%2900484-6
http://www.ncbi.nlm.nih.gov/pubmed/35405084
https://doi.org/10.1016/S0140-6736%2821%2902796-3
http://www.ncbi.nlm.nih.gov/pubmed/35279232
https://doi.org/10.5867/MEDWAVE.2021.04.8180
http://www.ncbi.nlm.nih.gov/pubmed/34037583
https://doi.org/10.3389/fcimb.2021.674277
http://www.ncbi.nlm.nih.gov/pubmed/34760713
https://doi.org/10.1177/1178633720952076
https://doi.org/10.1177/1178633720952076
http://www.ncbi.nlm.nih.gov/pubmed/32973375
https://doi.org/10.3389/fmed.2020.555301
https://doi.org/10.3389/fmed.2020.555301
http://www.ncbi.nlm.nih.gov/pubmed/33195304
https://doi.org/10.1371/journal.pone.0247461
http://www.ncbi.nlm.nih.gov/pubmed/33661992
https://doi.org/10.1111/jan.14558
http://www.ncbi.nlm.nih.gov/pubmed/32881050
https://doi.org/10.1007/s40520-023-02685-4
http://www.ncbi.nlm.nih.gov/pubmed/38353841
https://doi.org/10.1136/bmjgh-2023-012581
http://www.ncbi.nlm.nih.gov/pubmed/38097276
https://doi.org/10.1186/s12916-021-02058-6
http://www.ncbi.nlm.nih.gov/pubmed/34446016
https://doi.org/10.1371/journal.pone.0314376

PLOS ONE

Severe complications by SARS-CoV-2 infection in a community-based healthcare network in Chile

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Matar R, Alrahmani L, Monzer N, Debiane LG, Berbari E, Fares J, et al. Clinical Presentation and Out-
comes of Pregnant Women With Coronavirus Disease 2019: A Systematic Review and Meta-analysis.
Clin Infect Dis. 2021; 72: 521-533. https://doi.org/10.1093/cid/ciaa828 PMID: 32575114

Galang RR, Chang K, Strid P, Snead MC, Woodworth KR, House LD, et al. Severe Coronavirus Infec-
tions in Pregnancy: A Systematic Review. Obstetrics and gynecology. 2020; 136: 262—-272. https://doi.
org/10.1097/A0G.0000000000004011 PMID: 32544146

Khan DSA, Pirzada AN, Ali A, Salam RA, Das JK, Lassi ZS. The Differences in Clinical Presentation,
Management, and Prognosis of Laboratory-Confirmed COVID-19 between Pregnant and Non-Pregnant
Women: A Systematic Review and Meta-Analysis. Int J Environ Res Public Health. 2021; 18. https:/
doi.org/10.3390/ijerph18115613 PMID: 34074005

Haber R, Ghezzawi M, Puzantian H, Haber M, Saad S, Ghandour Y, et al. Mortality risk in patients with
obesity and COVID-19 infection: a systematic review and meta-analysis. Metabolism. 2024; 155.
https://doi.org/10.1016/j.metabol.2024.155812 PMID: 38360130

van Baar JAC, Kostova EB, Allotey J, Thangaratinam S, Zamora JR, Bonet M, et al. COVID-19 in preg-
nant women: a systematic review and meta-analysis on the risk and prevalence of pregnancy loss.
Hum Reprod Update. 2024; 30: 133—152. https://doi.org/10.1093/humupd/dmad030 PMID: 38016805

de Paula Silva-Lalucci MP, Marques DC de S, Valdés-Badilla P, Andreato LV, Magnani Branco BH.
Obesity as a Risk Factor for Complications and Mortality in Individuals with SARS-CoV-2: A Systematic
Review. Nutrients. 2024; 16. https://doi.org/10.3390/nu16040543 PMID: 38398867

Reyes LF, Bastidas A, Narvaez PO, Parra-Tanoux D, Fuentes Y V., Serrano-Mayorga CC, et al. Clinical
characteristics, systemic complications, and in-hospital outcomes for patients with COVID-19 in Latin
America. LIVEN-Covid-19 study: A prospective, multicenter, multinational, cohort study. PLoS One.
2022; 17. https://doi.org/10.1371/journal.pone.0265529 PMID: 35358238

Liao LD, Hubbard AE, Gutierrez JP, Juarez-Flores A, Kikkawa K, Gupta R, et al. Who is most at risk of
dying if infected with SARS-CoV-2? A mortality risk factor analysis using machine learning of patients
with COVID-19 over time: a large population-based cohort study in Mexico. BMJ Open. 2023; 13:
e072436. https://doi.org/10.1136/bmjopen-2023-072436 PMID: 37739469

Aguilera X, Castillo-Laborde C, Ferrari MN De, Delgado |, Ibafiez C. Monitoring and Evaluating Prog-
ress towards Universal Health Coverage in Chile. PLoS Med. 2014; 11: e1001676. https://doi.org/10.
1371/journal.pmed.1001676 PMID: 25244581

Bell JA, Nuzzo JB. Global Health Security Index: Advancing Collective Action and Accountability Amid
Global Crisis. 2021. Available: https://ghsindex.org

Taramasco C, Rimassa C, Acevedo Romo J, Césped Zavando A, Fuentes Bravo R. Epidemiological
surveillance in COVID- 19 pandemic: EPIVIGILA system. Medwave. 2022; 22: e¢002560—e002560.
https://doi.org/10.5867/medwave.2022.05.002560 PMID: 35667029

WHO. Daily cases and deaths by date reported to WHO. 2023 [cited 26 Nov 2023]. Available: https:/
covid19.who.int/data

INE. Resultados Censo 2017. 2019 [cited 8 Oct 2024]. Available: https://www.ine.gob.cl/estadisticas/
sociales/censos-de-poblacion-y-vivienda

FONASA. Somos Fonasa. Fondo Nacional de Salud. Gobierno de Chile. In: 2023 [Internet]. 2023 [cited
16 Oct 2023]. Available: https://www.fonasa.cl/sites/fonasa/conoce-fonasa#servicios-y-modalidades-
de-acceso

Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al. OpenSAFELY: factors
associated with COVID-19 death in 17 million patients. Nature. 2020; 584: 430. https://doi.org/10.1038/
S41586-020-2521-4 PMID: 32640463

Ayala A, Dintrans PV, Elorrieta F, Maddaleno M, Vargas C, lturriaga A, et al. COVID-19 en Chile: anali-
sis de su impacto por olas y regiones. Rev Med Chil. 2023; 151: 269-279. https://doi.org/10.4067/
S0034-98872023000300269

Brilleman SL, Salisbury C. Comparing measures of multimorbidity to predict outcomes in primary care:
a cross sectional study. Fam Pract. 2013; 30: 172—178. https://doi.org/10.1093/fampra/cms060 PMID:
23045354

Departamento de Epidemiologia. Ministerio de Salud. Gobierno de Chile. Encuesta Nacional de Salud
ENS 2016—17. Informes finales. 2017 [cited 25 Mar 2024]. Available: http://epi.minsal.cl/resultados-
encuestas/

Solis P, Colegio De México E, Carrefio H. COVID-19 Fatality and Comorbidity Risk Factors among
Diagnosed Patients in Mexico. medRxiv. 2020; 2020.04.21.20074591. https://doi.org/10.1101/2020.
04.21.20074591

Murillo-Zamora E, Hernandez-Suarez CM. Survival in adult inpatients with COVID-19. Public Health.
2021; 190: 1-3. https://doi.org/10.1016/].puhe.2020.10.029 PMID: 33316477

PLOS ONE | https://doi.org/10.1371/journal.pone.0314376 December 30, 2024 17/18


https://doi.org/10.1093/cid/ciaa828
http://www.ncbi.nlm.nih.gov/pubmed/32575114
https://doi.org/10.1097/AOG.0000000000004011
https://doi.org/10.1097/AOG.0000000000004011
http://www.ncbi.nlm.nih.gov/pubmed/32544146
https://doi.org/10.3390/ijerph18115613
https://doi.org/10.3390/ijerph18115613
http://www.ncbi.nlm.nih.gov/pubmed/34074005
https://doi.org/10.1016/j.metabol.2024.155812
http://www.ncbi.nlm.nih.gov/pubmed/38360130
https://doi.org/10.1093/humupd/dmad030
http://www.ncbi.nlm.nih.gov/pubmed/38016805
https://doi.org/10.3390/nu16040543
http://www.ncbi.nlm.nih.gov/pubmed/38398867
https://doi.org/10.1371/journal.pone.0265529
http://www.ncbi.nlm.nih.gov/pubmed/35358238
https://doi.org/10.1136/bmjopen-2023-072436
http://www.ncbi.nlm.nih.gov/pubmed/37739469
https://doi.org/10.1371/journal.pmed.1001676
https://doi.org/10.1371/journal.pmed.1001676
http://www.ncbi.nlm.nih.gov/pubmed/25244581
https://ghsindex.org
https://doi.org/10.5867/medwave.2022.05.002560
http://www.ncbi.nlm.nih.gov/pubmed/35667029
https://covid19.who.int/data
https://covid19.who.int/data
https://www.ine.gob.cl/estadisticas/sociales/censos-de-poblacion-y-vivienda
https://www.ine.gob.cl/estadisticas/sociales/censos-de-poblacion-y-vivienda
https://www.fonasa.cl/sites/fonasa/conoce-fonasa#servicios-y-modalidades-de-acceso
https://www.fonasa.cl/sites/fonasa/conoce-fonasa#servicios-y-modalidades-de-acceso
https://doi.org/10.1038/S41586-020-2521-4
https://doi.org/10.1038/S41586-020-2521-4
http://www.ncbi.nlm.nih.gov/pubmed/32640463
https://doi.org/10.4067/S0034-98872023000300269
https://doi.org/10.4067/S0034-98872023000300269
https://doi.org/10.1093/fampra/cms060
http://www.ncbi.nlm.nih.gov/pubmed/23045354
http://epi.minsal.cl/resultados-encuestas/
http://epi.minsal.cl/resultados-encuestas/
https://doi.org/10.1101/2020.04.21.20074591
https://doi.org/10.1101/2020.04.21.20074591
https://doi.org/10.1016/j.puhe.2020.10.029
http://www.ncbi.nlm.nih.gov/pubmed/33316477
https://doi.org/10.1371/journal.pone.0314376

PLOS ONE

Severe complications by SARS-CoV-2 infection in a community-based healthcare network in Chile

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

Denova-Gutiérrez E, Lopez-Gatell H, Alomia-Zegarra JL, Lépez-Ridaura R, Zaragoza-Jimenez CA,
Dyer-Leal DD, et al. The Association of Obesity, Type 2 Diabetes, and Hypertension with Severe Coro-
navirus Disease 2019 on Admission Among Mexican Patients. Obesity (Silver Spring). 2020; 28: 1826—
1832. https://doi.org/10.1002/0by.22946 PMID: 32610364

Carrillo-Vega MF, Salinas-Escudero G, Garcia-Pefia C, Gutiérrez-Robledo LM, Parra-Rodriguez L.
Early estimation of the risk factors for hospitalization and mortality by COVID-19 in Mexico. PLoS One.
2020; 15. https://doi.org/10.1371/journal.pone.0238905 PMID: 32915872

Bello-Chavolla OY, Bahena-Lopez JP, Antonio-Villa NE, Vargas-Vazquez A, Gonzalez-Diaz A, Mar-
quez-Salinas A, et al. Predicting Mortality Due to SARS-CoV-2: A Mechanistic Score Relating Obesity
and Diabetes to COVID-19 Outcomes in Mexico. J Clin Endocrinol Metab. 2020; 105. https://doi.org/10.
1210/clinem/dgaa346 PMID: 32474598

Sousa GJB, Garces TS, Cestari VRF, Floréncio RS, Moreira TMM, Pereira MLD. Mortality and survival
of COVID-19. Epidemiol Infect. 2020; 148. https://doi.org/10.1017/S0950268820001405 PMID:
32580809

Menezes Soares R de C, Mattos LR, Raposo LM. Risk Factors for Hospitalization and Mortality due to
COVID-19in Espirito Santo State, Brazil. Am J Trop Med Hyg. 2020; 103: 1184—1190. https://doi.org/
10.4269/AJTMH.20-0483 PMID: 32682453

Baqui P, Bica |, Marra V, Ercole A, van der Schaar M. Ethnic and regional variations in hospital mortality
from COVID-19 in Brazil: a cross-sectional observational study. Lancet Glob Health. 2020; 8: €1018—
e1026. https://doi.org/10.1016/S2214-109X(20)30285-0 PMID: 32622400

Javier Riquelme D, Daniela Oyarzin M, Daniela Gallardo A, Julian Bedoya J, Camila Bahamonde O,
Marieliz Rincon CH, et al. [Features of patients admitted with COVID-19 to a Chilean regional hospital
during the first stages of the pandemic]. Rev Med Chil. 2022; 150: 465-472. https://doi.org/10.4067/
S0034-98872022000400465 PMID: 36155756

Araujo M, Ossandon P, Abarca AM, Menjiba AM, Mufioz AM. [Prognosis of patients with COVID-19
admitted to a tertiary center in Chile: A cohort study]. Medwave. 2020; 20. https://doi.org/10.5867/
MEDWAVE.2020.10.8066 PMID: 33361751

Balboa-Castillo T, Ossa X, Mufioz S, Neira J, Padilla A, Ofiat M, et al. [Features of patients admitted for
COVID-19 at a regional hospital in the Chilean Araucania Region]. Rev Med Chil. 2021; 149: 1552—
1560. https://doi.org/10.4067/S0034-98872021001101552 PMID: 35735317

Gonzélez FJ, Miranda FA, Chavez SM, Gajardo Al, Hernandez AR, Guifiez D V., et al. Clinical charac-
teristics and in-hospital mortality of patients with COVID-19 in Chile: A prospective cohort study. Int J
Clin Pract. 2021; 75. https://doi.org/10.1111/ijcp.14919 PMID: 34564929

Dominguez G, Garrido C, Cornejo M, Danke K, Acufia M. [Comorbidities and demographic factors
associated with severe COVID-19 outcomes in a Chilean hospital]. Rev Med Chil. 2021; 149: 1141—
1149. https://doi.org/10.4067/S0034-98872021000801141 PMID: 35319700

Sarri G, Liu W, Zabotka L, Freitag A, Claire R, Wangge G, et al. Prognostic Factors of COVID-19: An
Umbrella Review Endorsed by the International Society for Pharmacoepidemiology. Clin Pharmacol
Ther. 2023; 114: 604—613. https://doi.org/10.1002/cpt.2977 PMID: 37342987

Starke KR, Reissig D, Petereit-Haack G, Schmauder S, Nienhaus A, Seidler A. The isolated effect of
age on the risk of COVID-19 severe outcomes: a systematic review with meta-analysis. BMJ Glob
Health. 2021; 6: €006434. https://doi.org/10.1136/bmjgh-2021-006434 PMID: 34916273

Bonanad C, Garcia-Blas S, Tarazona-Santabalbina F, Sanchis J, Bertomeu-Gonzalez V, Facila L, et al.
The Effect of Age on Mortality in Patients With COVID-19: A Meta-Analysis With 611,583 Subjects. J
Am Med Dir Assoc. 2020; 21: 915-918. https://doi.org/10.1016/j.jamda.2020.05.045 PMID: 32674819

Panagiotakopoulos L, Myers TR, Gee J, Lipkind HS, Kharbanda EO, Ryan DS, et al. SARS-CoV-2
Infection Among Hospitalized Pregnant Women: Reasons for Admission and Pregnancy Characteris-
tics—Eight U.S. Health Care Centers, March 1-May 30, 2020. MMWR Morb Mortal Wkly Rep. 2020; 69:
1355—-1359. https://doi.org/10.15585/mmwr.mm6938e2 PMID: 32970660

Beladiya J, Kumar A, Vasava Y, Parmar K, Patel D, Patel S, et al. Safety and efficacy of COVID-19 vac-
cines: A systematic review and meta-analysis of controlled and randomized clinical trials. Rev Med
Virol. 2024; 34. https://doi.org/10.1002/RMV.2507 PMID: 38282394

Zeinab D, Shahin N, Fateme M, Saeed BF. Economic evaluation of vaccination against COVID-19: A
systematic review. Health Sci Rep. 2024; 7. https://doi.org/10.1002/hsr2.1871 PMID: 38332928

Pormohammad A, Zarei M, Ghorbani S, Mohammadi M, Razizadeh MH, Turner DL, et al. Efficacy and
Safety of COVID-19 Vaccines: A Systematic Review and Meta-Analysis of Randomized Clinical Trials.
Vaccines (Basel). 2021; 9. https://doi.org/10.3390/vaccines9050467 PMID: 34066475

PAHO. COVID-19 Vaccination in the Americas. 1 May 2024 [cited 3 Mar 2024]. Available: https://ais.
paho.org/imm/IM_DosisAdmin-Vacunacion.asp

PLOS ONE | https://doi.org/10.1371/journal.pone.0314376 December 30, 2024 18/18


https://doi.org/10.1002/oby.22946
http://www.ncbi.nlm.nih.gov/pubmed/32610364
https://doi.org/10.1371/journal.pone.0238905
http://www.ncbi.nlm.nih.gov/pubmed/32915872
https://doi.org/10.1210/clinem/dgaa346
https://doi.org/10.1210/clinem/dgaa346
http://www.ncbi.nlm.nih.gov/pubmed/32474598
https://doi.org/10.1017/S0950268820001405
http://www.ncbi.nlm.nih.gov/pubmed/32580809
https://doi.org/10.4269/AJTMH.20-0483
https://doi.org/10.4269/AJTMH.20-0483
http://www.ncbi.nlm.nih.gov/pubmed/32682453
https://doi.org/10.1016/S2214-109X%2820%2930285-0
http://www.ncbi.nlm.nih.gov/pubmed/32622400
https://doi.org/10.4067/S0034-98872022000400465
https://doi.org/10.4067/S0034-98872022000400465
http://www.ncbi.nlm.nih.gov/pubmed/36155756
https://doi.org/10.5867/MEDWAVE.2020.10.8066
https://doi.org/10.5867/MEDWAVE.2020.10.8066
http://www.ncbi.nlm.nih.gov/pubmed/33361751
https://doi.org/10.4067/S0034-98872021001101552
http://www.ncbi.nlm.nih.gov/pubmed/35735317
https://doi.org/10.1111/ijcp.14919
http://www.ncbi.nlm.nih.gov/pubmed/34564929
https://doi.org/10.4067/S0034-98872021000801141
http://www.ncbi.nlm.nih.gov/pubmed/35319700
https://doi.org/10.1002/cpt.2977
http://www.ncbi.nlm.nih.gov/pubmed/37342987
https://doi.org/10.1136/bmjgh-2021-006434
http://www.ncbi.nlm.nih.gov/pubmed/34916273
https://doi.org/10.1016/j.jamda.2020.05.045
http://www.ncbi.nlm.nih.gov/pubmed/32674819
https://doi.org/10.15585/mmwr.mm6938e2
http://www.ncbi.nlm.nih.gov/pubmed/32970660
https://doi.org/10.1002/RMV.2507
http://www.ncbi.nlm.nih.gov/pubmed/38282394
https://doi.org/10.1002/hsr2.1871
http://www.ncbi.nlm.nih.gov/pubmed/38332928
https://doi.org/10.3390/vaccines9050467
http://www.ncbi.nlm.nih.gov/pubmed/34066475
https://ais.paho.org/imm/IM_DosisAdmin-Vacunacion.asp
https://ais.paho.org/imm/IM_DosisAdmin-Vacunacion.asp
https://doi.org/10.1371/journal.pone.0314376

