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Abstract

Objectives: To investigate which were the most relevant sociodemographic and clinical variables
associated to COVID-19 severity, and uncover how their inter-relations may have affected such
severity.

Design: A retrospective observational study based on electronic health record data.

Participants: Individuals >14 years old with a positive PCR or serology test, between the 28th
of February and 31 of May, belonging to the Basque Country (Spain) public health system.
Institutionalised and individuals admitted to a Hospital at Home unit were excluded from the
study.

Main outcome measure: Three severity categories were established, primary care, hospital/ICU
admission and exitus.

Results: A total of n=14197 cases fulfilled the inclusion criteria. Most variables presented
statistically significant associations with the outcome (p<0.0001). The CART recursive
partitioning methodology (based on n=13792) suggested that among all associations, those with,
age, sex, stratification of patient health care complexity, chronic consumption of blood and blood
forming organ, and nervous system drugs, as well as the total number of chronic ATC types were
the most relevant. Psychosis also emerged as a potential factor.

Conclusions: Older cases are more likely to experience more severe outcomes. However, the sex,
underlying health status and chronic drug consumption may interfere and alter the aging effect.
Understanding the factors related to the outcome severity is of key importance when designing
and promoting public health intervention plans for the COVID-19 pandemic.

Strengths and limitations of this study

e Over 13000 confirmed COVID-19, non institutionalised, 214 years old cases were
explored

e Electronic health records data were a valuable source of information in this study

e The three-category outcome severity: primary care only, hospitalized/ICU care, and
exitus was studied in a joint manner

e The CART methodology allowed exploring the big sample and the numerous
variables of interest in a flexible way

e Asymptomatic cases were probably not included in this sample as during the first
pandemic wave individuals with symptoms were mainly tested for the virus
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Introduction

The COVID-19 disease, caused by the new coronavirus SARS-Cov-2 was initiated in December
2019 in China. On the 12% March 2020 the World Health Organization (WHO) declared it a
pandemic. Its rapid expansion, along with the high death toll and the serious health aftermaths,
have rendered the COVID-19 outbreak as one of the worst health crises in almost a century

worldwide.

Since the first cases were detected in Spain the statistics have situated this country among the
most affected in Europe, both in terms of total cases and in deaths per million people(1).
International literature on COVID-19 is rapidly growing(2—7). The research conducted so far in
Spain, has focused mainly on predicting the evolution of the pandemic(8), describing hospitalized
individuals(9), or assessing the factors related to the risk of death(10,11). In its most recent
publication, the Working group for the surveillance and control of COVID-19 in Spain, presented
the factors affecting the outcomes of hospitalisation, as well as ICU admission and death for
hospitalized individuals only(12). These outcomes were treated separately; each compared to
cases not presenting the corresponding outcome. Therefore, studies that integrate information
from different health care levels, analysing the data as a whole and applying statistical methods

capable of considering the gradient of outcome severity are lacking.

The autonomous community of the Basque Country, situated in the North of Spain, has its own
public health system (Osakidetza), which offers sanitary coverage to some 2.3 million people.
Since 2009 Osakidetza has promoted an integrated health care model, by coordinating its different
care levels and offering a more holistic approach on patient care(13). It counts with an extensive
electronic health records infrastructure, where information on patient health data and episodes of
care are stored. The objective of the present observational study was to describe a big series of
COVID-19 infected individuals, during the first wave of the pandemic, establish their severity
level, based on electronic health record data, and explore what characteristics may be associated

to that severity. In particular, we were interested in understanding the structure and inter-relations
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of different variables, identifying those that may have affected outcome severity the most. To
this end, the Classification and Regression Trees (CART) methodology was applied. This
statistical tool is suitable for exploring and uncovering complex relations, particularly useful

when analysing big data sets(14).

Methods

Data source and variables

All information was extracted from the electronic health records of the Basque Country Public
Health System-Osakidetza, via the Osakidetza Business Intelligence (OBI) tools. Data extraction
covered the period between 28™ February 2020 and 315t May 2020; corresponding to the first
detected case in the Basque Country and the end of the first pandemic wave in Spain. Only
individuals >14 years old with a COVID-19 positive Polymerase Chain Reaction (PCR) or
antibody test, were included. No antigen tests were performed at that time. Cases living in

residential homes and those admitted to a hospital at home unit were excluded.

The following variables were studied. Age, sex and income level derived by the pharmaceutical
co-payment scheme (<18,000€, 18,000-100,000 €, >100,000 €). Chronic medication consumption
was explored using the Anatomical Therapeutic Chemical (ATC) system at the first level.
Polypharmacy, defined as the consumption of 5 or more chronic drugs, and the number of ATC
types consumed were derived. Chronic pathologies based on ICD-9 codes, COVID-19 symptoms
registered during consultations and flu vaccination in the year 2019. The Osakidetza stratification
according to patient health care complexity was also studied. Based on a series of health data, and
the use of health services during the previous year, this variable classifies individuals into four
categories, ranging from less to more severe: prevention and promotion of healthy population,
self-management support, disease management, and case management. Pluripathological

individuals belong to the last category. This classification is renewed at the beginning of every
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calendar year, for all individuals >14-years, registered in the Osakidetza system at least during

the previous 6 months. A detailed description can be found elsewhere(15).

Given that the data were anonymous and clinical analyses could not be conducted, it was assumed
that the severity of a case would be indicated by the most demanding level of medical attention
received, within the study period. Four severity levels were initially identified: primary care
attention only (PC), hospitalisation without intensive care unit admission (Hospital), intensive
care unit admission (ICU), and Exitus. During the pandemic, several emergency ICU units were
set-up within hospitals across the Basque Country. Nevertheless, this information was not
reflected in the electronic health records. As a result, cases admitted to such ICUs appeared as
hospital admissions. This imposed the necessity to merge Hospital and ICU admissions into one
category in the current work. Cases meeting the inclusion criteria were included only once in the
current analyses. The project has been approved by the ethics committee CEIm de Euskadi at

22/07/2020 (reference code: P12020087).

Patient and public involvement

Due to the study design, no patient and public involvement was considered. Nonetheless, two of

the authors are medical doctors, which has offered valuable support during this work.

Statistical analysis

Continuous variables are presented as means with standard deviations (SD), while medians and
interquartile ranges (Q1, Q3) are given for discrete variables. Categorical variables are presented
with frequencies and percentages (%). Comparisons were performed with the one-way ANOVA,
Kruskal-Wallis and chi-square test, respectively. The Jonckheere-Terpstra and Mantel-Haenszel

chi-square, both testing for a trend along the three severity groups were additionally tested(16).

CART

The CART is a non-parametric, recursive partitioning methodology. A CART tree starts with the

root node, containing all the sample. At each step of the recursive process, every node may split
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into offspring nodes. Nodes that split are called internal, and those that do not split any further
are called terminal. The tree splits are based on the most important variables, among all candidate
variables fed into the model. These splits intend to minimize the variability of the target variable
within each offspring node, resulting in the most homogenous nodes, as far as the outcome
variable is concerned(14). Splitting was based on the entropy criterion and each variable was
allowed only once per tree branch. For a stopping rule, the number of terminal nodes, and the
observations included in each of them were considered. A tree with 10 terminal nodes, each
including at least 1% of the valid sample data was selected. Cost-complexity pruning was applied.
Variables with significance levels p>0.010 in the three-group comparisons and those with a total
frequency <1% of the valid sample were excluded from the CART stage. Missing data were
omitted. Analyses were performed with the SAS software version 9.4 (Copyright (c) 2016 by SAS

Institute Inc., Cary, NC, USA.). The PROC HPSPLIT function was used for tree construction.

Results

A total of n=14197 COVID-19 cases fulfilled the inclusion criteria. Of those n=9722 (68.5%)
received PC only, n=3710 (26.1%) had a hospital or ICU admission (n=3630 and 80,
respectively), and n=765 died (5.4%). Table 1 presents the baseline information of the sample.
Overall, mean age was 53.7 (SD:17.4) years. Age increased with outcome severity. Most infected
cases were females but more males were observed in the Hospital/ICU and Exitus groups. As far
as the heath care complexity stratification variable was concerned the PC group presented the
highest percentage of healthy individuals (36.1%), while case management was most prevalent in
the Exitus group (36.6%). Based on the available information, individuals with an annual income
<18.000 euros were more prevalent in the Hospital/ICU and Exitus groups, and those with higher
income remained mostly in PC. Finally, the Exitus group had the highest percentage of individuals

with a flu vaccination in the year 2019. This observation was consistent for cases <65 and >65
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years of age, while percentages differed between age groups. All comparisons were statistically

significant.

Chronic medication consumption data are presented in Table 2. Overall, the most consumed
medications were those for the nervous system (38.7%), alimentary tract and metabolism (33.0%),
and cardiovascular system (30.2%). With the exception of musculo-skeletal system and
antiparasitic products, insecticides and repellents, the same trend was observed in all other ATC
types. The consumption of alimentary tract and metabolism disorders (A), blood and blood
forming organs (B), cardiovascular system (C), and nervous system diseases drugs (N) drugs
exceeded 60% in the Exitus group. Both polypharmacy and the number of ATC types consumed

was associated with infection severity.

As far as chronic diseases were concerned, the most prevalent condition was related to mental
pathologies (Table 3). In particular, 30% of the sample had received a diagnosis corresponding
to the ICD-9 neurotic, personality or other nonpsychotic mental disorder. Hypertension was the
next more prevalent condition (21%), followed by diseases of the blood and blood forming organs
(11.5%), chronic obstructive pulmonary disease and allied conditions, as well as diseases of the
esophagus, stomach and duodenum (both 10.4%). Diabetes mellitus was present in 8.5% of the
sample. With the exception of neurotic, personality or other nonpsychotic conditions, that
presented the same distribution along the three outcome groups, the prevalence of the most
frequent pathologies increased with COVID-19 severity. A similar trend was seen in the total

number of chronic diseases.
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CART

The CART process indicated that age, sex, health care complexity stratification, blood and blood
forming organ medication (B), as well as nervous system drugs (N) along with the frequency of
ATC types consumed would be the most relevant variables in understanding the main case
characteristics associated to the outcome. During this process the variable of psychoses was also
flagged as important. In spite of its low prevalence (2.9%) psychoses was given a lot of weight in
the older section of the population. The inclusion of this pathology resulted in a less parsimonious
model; with ATC-N drugs placed in an additional tree level. Nonetheless, given that psychoses
was the single variable resulting in a node with an exitus majority, and that other authors have
already suggested an association between antipsychotic drugs and mortality in COVID-19 cases
(10), presenting the corresponding findings was considered of relevance. Therefore, the CART

process was repeated twice, first excluding and afterwards including psychoses.

Excluding psychoses

The tree generated by the CART process is depicted in Figure 1A. Most cases <64.7 years of age
(81.4%, node 1) received mainly PC attention. In this tree branch males presented 15.3% more
Hospital/ICU compared to females. Among males, those with worse health (node 8) had 19.2%
more Hospital/ICU admissions, compared to the rest (node 7). The majority of males with worse

baseline health status who consumed >3 ATC types experienced a Hospital/ICU admission.

Cases >64.7 years of age had mainly a Hospital/ICU outcome (52.6%), with a considerable Exitus
prevalence (21.2%). Those with worse baseline health (node 6) had 4.6% more Hospital/ICU
admissions and 15.8% more Exitus, compared to the rest. Cases with better baseline health status
(node 5) were further split according to ATC-B consumption. Exitus for blood and blood forming
organ drugs consumers was experienced in 23.2% of the cases, with the same outcome being

9.1% in non-consumers. Within this last group (node 9) the majority of females received PC
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attention, while Hospital/ICU was the most prevalent outcome in males. In a similar way, among
node 6 cases, males presented worse evolution than females. Finally, males consuming chronic
medications for the nervous system (node 18) had 17.9% more Exitus compared to non-
consumers. The 10 terminal nodes can easily be ordered less severe (i.e. <64.7 year old females,
node 3) to most severe outcomes groups (i.e. >64.7 year old disease and case management males

who consume nervous system drugs, node 10).

Including psychoses

The resulting CART model when the variable of psychoses was included in the recursive process
is presented in Figure 1B. Psychoses, was one of the main variables of this model, and the single
split variable for node 6. Inclusion of this pathology added one more level to the CART tree, with
chronic nervous system drugs being a split variable for node 15. Cases with psychoses had a 50%
Exitus. The ATC-N consumers presented less PC and higher Exitus compared to non-consumers.
No other changes were observed compared to the Figure 1A model. In this case the most severe
outcome group was was >64.7 year old disease and case management cases with psychosis (node

12).
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Discussion

The present work has studied the sociodemographic and clinical characteristics of a big number
of Spanish COVID-19 cases of the first pandemic wave. According to the information extracted
from electronic health record data, the variables of age, sex, previous pathologies and chronic

drug consumption may be decisive in understanding infection severity.

Both age and male sex have been flagged as important risk factors by previous COVID-19
research(2,3,7,10-12,17). The importance of age is probably undisputable, given the deterioration
of the body’s immunity mechanisms and the loss of its capacity to adapt to the environment (18).
The present data appears to reflect this known aging effect. In relation to the variable of sex,
females presented consistently higher PC and lower Hospital/ICU in the splits where sex was
present. With female Exitus being lower in two of them. Data from various European countries
have highlighted that females have better COVID-19 infection outcomes than males(19). In spite
of the fact that females are considered to have stronger immunity systems(20), the exact
mechanisms responsible for these differences are unclear, and probably multifactorial(19). The
current data, in conjunction with previous evidence call for a better understanding of the role of
sex, in the current pandemic. Sex-specific analyses of future wave data should be planned. But
more importantly, high quality prospective studies collecting sex-disaggregated data are

needed(21).

The health care complexity stratification variable was present in both main tree arms. It should
be mentioned that the way CART divided this 4-category variable into a binary one, by merging
the two less severe vs. the two more severe groups was imposed by the data, not the investigators.
Worse health status at the time of the infection, was associated to more hospitalizations for
younger cases, and mainly to more deaths among older individuals. The inclusion of this
stratification variable in the CART model is a relevant finding. Tools that stratify the general
population, identifying those at greater risk, can be an asset for public health prevention programs.
In the COVID-19 literature, the stratification approach has so far mainly focused on hospitalized

patients(11,22,23). While one meta-analysis of in-hospital cases claimed that in COVID-19
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infections underlying health conditions are even more important than age(24). Our data suggest
that, at least at the local level, this very stratification variable can offer valuable information and
its implementation may worth be considered when setting up public health action plans. Study of

similar indicators used in other health systems would be encouraged.

As far as the drug consumption was concerned, chronic blood and blood forming organ drugs (B)
and drugs for the nervous system (N), both appeared as important variables for cases >64.7 years
of age. Cases consuming those drugs presented higher severity levels. ATC-N was the most
frequent medication across all three outcome groups. ATC-B had the steepest raising in
consumption from one severity level to the next. Several neurological manifestations after a
COVID-19 infection have been described in the literature, with the virus perceived by certain
authors as a threat for the whole nervous system(25). It is probable that individuals already
suffering by chronic neurological conditions may be indeed more likely to present worse
outcomes once infected(26,27). Blood related parameters like systolic and diastolic pressure, red
and white cell counts, platelets, lymphocytes, among others, have been highlighted as significant
predictors in different COVID-19 diagnostic models(7). An association between certain ATC-B
drugs and higher odds of death in infected cases has also been observed(10). Chronic
anticoagulation treatment, is referenced as protective against COVID-19 mortality by some(28),
and ineffective by others(29). COVID-19 cases present a high frequency of thrombotic events,
which is leading to an expansion of anticoagulation drug use when treating the disease (30). But
in patients already receiving such drugs prior to infection, drug-drug interactions and infection
severity should be carefully assessed before any antiviral therapy is given, or switching from oral
to parenteral antithrombotic administration(31). Worse severity seen among ATC-B consumers
in the current data may reflect also an increased risk for patients already under anticoagulation
therapy. Poor outcomes due to therapeutic decisions and drug-drug interactions cannot be
excluded either. Our continuing COVID-19 work will refine future data explorations. Obtaining
for example ATC data at the second or third level, as well as information of in-patient treatments

will offer more insight into these associations.
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Psychoses was a relevant variable in the CART process. Antipsychotic drugs belong to the ATC-
N; which is probably why allowing for the inclusion of psychoses relocated this drug type further
down in the tree structure. Older patients with worse baseline health and psychoses had the highest
death rate among all CART nodes. We can only hypothesize over the mechanisms that could
explain such a finding. On one hand, individuals with psychotic disorders present excess mortality
compared to the general population, mainly due to lifestyle choices, associated comorbidities and
medication side effects(32). On the other hand, the challenging symptoms recognition and
treatment management of these cases can potentially lead to a sudden health deterioration or even
death(33). This could happen for example during hospital or ICU admissions. In the present
sample 75% of the deaths seen in the psychoses node had been admitted to a hospital during the
study period. The available information does not allow knowing whether exitus took place during
the admissions, neither the in-patient treatment regime. An observational USA study of >60000
cases claimed that psychiatric disorders are a risk factor associated to higher COVID-19
diagnosis; with psychosis presenting greater risk ratios versus mood and anxiety disorders. The
same study also reported an increased risk of first-time psychiatric disorders for survivors(34).
Others have suggested that antipsychotics are associated to higher death rates in COVID-19

cases(10). More research in this direction is required.

The total number of chronically consumed ATC types was an important variable among cases
<64.7 years of age. This variable, which could also be perceived as an indicator of the associated
comorbidities, stresses even more the importance that underlying pathologies may have in

determining the severity of the infection outcome(24).

In this work a surrogate outcome variable has been used. Assuming that more intensive care levels
represented worse COVID-19 status is a decision also taken by previous authors(12,35-37). The
available data does allow studying if admissions and deaths may have been due to other health

problems.

The current study has certain limitations. The implemented information is based exclusively on

electronic health record data within the previously defined dates. After that period the severity of
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certain cases may have worsen. Nonetheless, the end study date corresponds to the end of the first
COVID-19 wave in our area, where new infections and deaths were very low. This, in
combination with the big study sample should have minimized the effect of possible outcome
variations. No COVID-19 symptoms are presented. An attempt to register these symptoms was
incorporated at the Osakidetza electronic records, early on after the outbreak. But, the number of
symptoms and registration format evolved over the studied period; PC and hospital registrations
differed; the medical staff mostly annotated symptoms in text format; while most importantly
such registration was totally missing in many cases. During analysis an effort to re-code text
annotations, and homogenize information from primary care and hospital data was made. In spite
of that, and due to the frequency of missing values, the representativeness of the corresponding
data could not be assumed. Symptoms are probably more relevant for algorithms discriminating
cases from non-cases(38). Also, most likely the present data does not include information of
asymptomatic cases. During the first pandemic wave no massive testings were performed in
Spain. Thus, identified cases were either symptomatic, or close contacts of infected individuals.
Working with health records makes recovering missing data or refining variable information a
very difficult task. This was the case with the income level. Its broad categories may have
obscured a more appropriate exploration. On the other hand, the high frequency of missing
income level data seen in the Exitus group, is due to the “un-subscriptions” of the dead cases from
the medication dispensing registry. It is important to note that the target of the Basque public
health system is a health coverage based on the health needs and not the earnings of the

individuals.

One of the main strength of this study is its big sample size. The consideration of three outcome
groups is another advantage, which allows for a better visualization of the different severity levels
of the disease. Finally, implementing the CART methodology assisted in translating a complex
and multifactorial reality into an easy to follow picture. Our findings make clinical sense and are
supported by previous evidence. They appear to endorse the need for public health prevention

plans that consider population characteristics. At the same time, they highlight that for a
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multifactorial problem to be properly treated, not only the factors affecting it, but also the inter-
relations between the latter should be thoroughly studied. The COVID-19 pandemic may be a
new starting point in the public health paradigm. The necessity for public health promoters to
work hand-in-hand with investigators and data analysts has become indisputable, under the
current circumstances. Prevention plans should be based on rigorous data and understanding of
the latter. This is the only way to assure that possible re-organization and estimation of future

resources can reach optimal results.
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Table 1: Baseline information of the COVID-19 cases during the first wave of the pandemic

Page 22 of 26

Variables Total (n=14197) Primary Care Hospital/ICU Exitus p-value
(n=9722) (n=3710) (n=765)
Age; mean (SD) 53.7(17.4) 48.0 (14.4) 62.8 (16.1) 82.3(10.5) <0.0001
Sex
Male 5520 (38.9) 3073 (31.6) 2031 (54.7) 416 (54.4) <0.0001
Female 8677 (61.1) 6649 (68.4) 1679 (45.3) 349 (45.6)
Health care complexity
Missing information 405 (2.9) 307 (3.2) 86 (2.3) 12 (1.6)
Prevention and promotion 3878 (27.3) 3399 (36.1) 470 (12.9) 9(1.2) <0.0001
Self-management support 6821 (48.0) 4989 (52.9) 1675 (46.2) 157 (20.8)
Disease management 2252 (15.9) 891 (9.4) 1050 (28.9) 311 (41.3)
Case management 841 (5.9) 136 (1.4) 429 (11.8) 276 (36.6)
Income level
Missing information 854 (6.0) 251 (2.6) 130 (3.5) 473 (61.8)
<18.000 euros 6536 (46.0) 4297 (45.3) 2038 (56.9) 201 (68.8) <0.0001
18.000-100.000 euros 6670 (47.0) 5074 (53.5) 1507 (42.0) 89 (30.4)
>100.000 euros 137 (1.0) 100 (1.0) 35(0.9) 2 (0.6)
Flu vaccination in 2019: yes
All vaccinated cases 3336 (23.5) 1322 (13.6) 1446 (39.0) 568 (74.2) <0.0001
Vaccinated cases <65 years old 1103 (10.1) 814 (9.2) 265 (13.6) 24 (42.8) <0.0001
Vaccinated cases > 65 years old 2233 (66.5) 508 (57.7) 1181 (66.9) 544 (76.7) <0.0001

Data are frequency (percentage), unless otherwise stated. For variables with missing information, percentages and statistical
comparisons are based on valid data only. Presented p-values are based on one-way ANOVA for the variable of age and the chi-
square test for the categorical variables. Cases <65 year and > 65 years were n=10843 and n=3354, respectively. Jonckheere-
Terpstra and Mantel-Haenszel chi-square test for trend also resulted in p<0.0001 in all comparisons.
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1

2

3

4

5

6

7 Table 2: Chronic medication consumption of the COVID-19 sample.

8 Total Primary Care Hospital/ICU Exitus p-value
9 (n=14197) (n=9722) (n=3710) (n=765)

10 Medication (ATC type)

11  Alimentary tract and metabolism (A) 4685 (33.0) 2234 (23.0) 1837 (49.5) 614(80.3) <0.0001
12 Blood and blood forming organs (B) 2414 (17.0) 889 (9.1) 1057 (28.5) 468 (61.2)  <0.0001
13 Cardiovascular system (C) 4294 (30.2) 1813 (18.6) 1893 (51.0) 588 (76.9) <0.0001
14 Dermatologicals (D) 1765 (12.4) 1032 (10.6) 581 (15.7) 152 (19.9)  <0.0001
12 Genitourinary system and sex hormones (G) 1690 (11.9) 1050 (10.8) 505 (13.6) 135(17.6)  <0.0001
17 Systemic Hormonal preparations, excluding sex 1504 (10.6) 876 (9.0) 492 (13.3) 136 (17.8)  <0.0001
18 hormones and insulins (H)

19  Antiinfectives for systemic use (J) 223 (1.6) 122 (1.3) 73 (2.0) 28 (3.7) <0.0001
20 Antineoplastic and immunomodulating agents (L) 360 (2.5) 165 (1.7) 141 (3.8) 54 (7.1) <0.0001
;; Musculo-Skeletal system (M) 3137 (22.1) 2010 (20.7) 952 (25.7) 175(22.9) <0.0001
23 Nervous System (N) 5494 (38.7) 2906 (29.9) 1931 (52.0) 657 (85.9) <0.0001
24  Antiparasitic products, insecticides and repellents (P) 42 (0.3) 24 (0.2) 15 (0.4) 3(0.4) 0.284
25  Respiratory System (R) 2603 (18.3) 1517 (15.6) 864 (23.3) 222(29.0)  <0.0001
26 Sensory Organs (S) 863 (6.1) 443 (4.6) 297 (8.0) 123 (16.1)  <0.0001
27 Various 2 188 (1.3) 45 (0.5) 58 (1.6) 85 (11.1) <0.0001
;S Polypharmacy: yes 2921 (20.5) 935 (9.6) 1357 (36.5)  629(82.2)  <0.0001
30 Num. ATC types consumed: median (Q1,Q3) 2(0, 3) 1(0,3) 3(1,4) 5(@3,6) <0.0001

31 Data are frequency (percentage), unless otherwise stated. Q1, Q3: interquartile range values. ATC: Anatomical Therapeutic Chemicals. Presented p-
32 values are based on the Chi-square test. The Jonckheere-Terpstra and Mantel-Haenszel chi-square test for trend resulted in very similar results in all
33 comparisons.
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Table 3: Chronic diseases of the COVID-19 cases in the three outcome groups

Disease Total Primary Care Hospital/ICU Exitus p-value
(n=14197) (n=9722) (n=3710) (n=765)

Infectious disease

HIV infection 23(0.2) 7(0.1) 12 (0.3) 4(0.5) 0.0002

Liver disease and cirrhosis 133 (0.9) 49 (0.5) 72 (1.9) 12 (1.6) <0.0001

Malignant neoplasm 918 (6.4) 364 (3.7) 410 (11.0) 144 (18.8) <0.0001

Endocrine diseases

Subclinical hypothyroidism without treatment 1101 (7.8) 747 (7.7) 294 (7.9) 60 (7.8) 0.892

Diabetes Mellitus 1213 (8.5) 395 (4.1) 606 (16.3) 212 (27.7) <0.0001

Diseases of the blood and blood-forming 1602 (11.3) 930 (9.6) 492 (13.3) 180 (23.5) <0.0001

organs

Mental disorders

Psychoses 412 (2.9) 138 (1.4) 143 (3.9) 131 (17.1) <0.0001

Neurotic disorders, personality disorders, and 4258 (30.0) 2926 (30.1) 1096 (29.5) 236 (30.8) 0.712

other nonpsychotic mental disorders

Mental retardation 39(0.3) 24 (0.2) 14 (0.4) 1(0.1) 0.319

Nervous system diseases

Hereditary and degenerative diseases of the 419 (3.0) 145 (1.5) 149 (4.0) 125 (16.3) <0.0001

central nervous system

Diseases of the circulatory system

Hypertensive disease 2988 (21.0) 1177 (12.1) 1364 (36.8) 447 (58.4) <0.0001

Ischemic heart discase 448 (3.2) 111 (1.1) 237 (6.4) 100 (13.1) <0.0001

Cerebrovascular disease 611 (4.3) 189 (1.9) 266 (7.2) 156 (20.4) <0.0001

Heart failure & Atrial fibrillation and flutter 709 (5.0) 132 (1.4) 361 (9.7) 216 (28.2) <0.0001

Acute pulmonary heart disease & other venous 150 (1.1) 49 (0.5) 73 (2.0) 28 (3.7) <0.0001

embolism and thrombosis

Arterial embolism and thrombosis 39 (0.3) 17 (0.2) 17 (0.5) 5(0.7) 0.002

Respiratory disease

Chronic obstructive pulmonary disease and 1483 (10.4) 844 (8.7) 506 (13.6) 133 (17.4) <0.0001

allied conditions

Pneumonoconioses and other lung diseases due 20 (0.1) 9(0.1) 8(0.2) 3(0.4) 0.038

to external agents

Diseases of the Digestive system

Diseases of esophagus, stomach and duodenum 1481 (10.4) 907 (9.3) 468 (12.6) 106 (13.9) <0.0001

Non-infectious enteritis and colitis 643 (4.5) 500 (5.1) 121 (3.3) 22(2.9) <0.0001

Regional enteritis & Ulcerative Colitis 73 (0.5) 51(0.5) 16 (0.4) 6 (0.8) 0.447

Disease of the genitourinary system

Chronic kidney disease 398 (2.8) 87(0.9) 188 (5.1) 123 (16.1) <0.0001

Diseases of the skin and subcutaneous tissue

Psoriasis 315(2.2) 180 (1.9) 113 (3.0) 22 (2.9) <0.0001

Diseases of the musculoskeletal system and

connective tissue

Systemic lupus erythematosus 36 (0.3) 24 (0.2) 10 (0.3) 2(0.3) 0.972

Rheumatoid arthritis and other inflammatory 125 (0.9) 59 (0.6) 55(1.5) 11(1.4) <0.0001

polyarthropathies

Arthropathy associated with other disorders 8(0.1) 5(0.1) 1 (0.0) 2(0.3) 0.042

classified elsewhere

Multimorbidity: >2 chronic diseases 5326 (37.5) 2715 (27.9) 1975 (53.2) 636 (83.1) <0.0001

Numero total de enfermedades Cronicas

Median (Q1, Q3) 1(0,2) 1(0,2) 2(1,3) 312,49 <0.0001

Data are frequency (percentage) unless otherwise stated; Q1, Q3: interquartile range values. Presented p-values are based on the
Chi-square test. The Jonckheere-Terpstra and Mantel-Haenszel chi-square test for trend resulted in very similar results in

all comparisons.
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Figure 1: CART model results for the COVID-19 outcome severity.
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Abstract

Objectives: To investigate which were the most relevant sociodemographic and clinical variables
associated to COVID-19 severity, and uncover how their inter-relations may have affected such
severity.

Design: A retrospective observational study based on electronic health record data.

Participants: Individuals >14 years old with a positive PCR or serology test, between the 28th
of February and 315 of May 2020, belonging to the Basque Country (Spain) public health system.
Institutionalised and individuals admitted to a Hospital at Home unit were excluded from the
study.

Main outcome measure: Three severity categories were established, primary care, hospital/ICU
admission and death.

Results: A total of n=14197 cases fulfilled the inclusion criteria. Most variables presented
statistically significant associations with the outcome (p<0.0001). The CART recursive
partitioning methodology (based on n=13792) suggested that among all associations, those with,
age, sex, stratification of patient health care complexity, chronic consumption of blood and blood
forming organ, and nervous system drugs, as well as the total number of chronic ATC types were
the most relevant. Psychosis also emerged as a potential factor.

Conclusions: Older cases are more likely to experience more severe outcomes. However, the sex,
underlying health status and chronic drug consumption may interfere and alter the aging effect.
Understanding the factors related to the outcome severity is of key importance when designing
and promoting public health intervention plans for the COVID-19 pandemic.

Strengths and limitations of this study

e Over 13000 confirmed COVID-19, non institutionalised, 214 years old cases were
explored

e Electronic health records data were a valuable source of information in this study

e The three-category outcome severity: primary care only, hospitalized/ICU care, and
death was studied in a joint manner

e The CART methodology allowed exploring the big sample and the numerous
variables of interest in a flexible way

e Information on COVID-19 symptoms was not properly registered during the first
pandemic wave
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Introduction

In December 2019 the new coronavirus SARS-Cov-2 initiated the COVID-19 disease in China,
which soon afterwards, on March 12, was declared a pandemic by the World Health Organization
(WHO). The rapid expansion of the virus, along with its high death toll and the serious health
aftermaths, have rendered the COVID-19 outbreak as one of the worst health crises in almost a

century worldwide.

Since the first infections were detected in Spain the statistics have situated this country among
the most affected in Europe, both in terms of total cases and in deaths per million people (1).
International literature on COVID-19 is rapidly growing (2—7). The research conducted so far in
Spain, has focused mainly on predicting the evolution of the pandemic (8), or the factors
associated to mortality (9). Hospitalised individuals have also been described (10), and the
variables related to severe outcomes in these populations have been explored (11,12). But so far,
none of the previous works has considered the gradient of the COVID-19 severity by studying a

multiple category outcome.

The autonomous community of the Basque Country, situated in the North of Spain, has its own
public health system (Osakidetza), which offers sanitary coverage to some 2.3 million people.
Since 2009 Osakidetza has promoted an integrated health care model, by coordinating its different
care levels and offering a more holistic approach on patient care (13). It counts with an extensive
electronic health records infrastructure, where information on patient health data and episodes of
care are stored. The objective of the present observational study was to describe a big series of
COVID-19 infected individuals during the first pandemic wave; establish their infection severity
level, based on electronic health record data, and explore what characteristics may be associated
to that severity. To this end, the Classification and Regression Trees (CART) methodology was
applied. This statistical technique splits the sample into mutually exclusive sub-groups that share

the same characteristics and can be particularly useful when analysing big data sets (14).
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Methods

Data source and variables

All information was extracted from the electronic health records of the Basque Country Public
Health System-Osakidetza, via the Osakidetza Business Intelligence (OBI) tools. Data extraction
covered the period between 28" February 2020 and 315 May 2020; corresponding to the first
detected case in the Basque Country and the end of the first pandemic wave in Spain. Only the
health records of individuals >14 years old with a COVID-19 positive Polymerase Chain Reaction
(PCR) or antibody test, were included, as no antigen tests were performed at that time. Data of

cases living in residential homes or those admitted to a hospital at home unit were excluded.

The following variables were studied. Age, sex and income level derived by the pharmaceutical
co-payment scheme (<18,000 €, 18,000-100,000 €, >100,000 €). Chronic medication consumption
was explored using the Anatomical Therapeutic Chemical (ATC) system at the first level
(https://www.who.int/tools/atc-ddd-toolkit). Polypharmacy, defined as the consumption of 5 or
more chronic drugs, and the number of ATC types consumed were derived. Chronic pathologies
based onto the International Classification of Diseases ICD-9 codes, COVID-19 symptoms
registered during consultations and flu vaccination in the year 2019 were also considered. The
Osakidetza stratification according to patient health care complexity was studied. Based on a
series of health data, and the use of health services during the previous year, this variable classifies
individuals into four categories, ranging from less to more severe: prevention and promotion of
healthy population, self-management support, disease management, and case management.
Pluripathological individuals belong to the last category. This classification is renewed at the
beginning of every calendar year, for all individuals >14-years registered in the Osakidetza system

at least during the previous 6 months. A detailed description can be found elsewhere (15).

Given that the data were anonymous and clinical analyses could not be conducted, it was assumed
that the severity of a case would be indicated by the most demanding level of medical attention

received, within the study period. Four severity levels were initially identified: primary care
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attention only (PC), hospitalisation without intensive care unit admission (Hospital), intensive
care unit admission (ICU), and death. During the pandemic, several emergency ICU units were
set-up within hospitals across the Basque Country. Nevertheless, this information was not
reflected in the electronic health records. As a result, cases admitted to such ICUs were registered
as hospital admissions. This fact imposed the necessity to merge Hospital and ICU admissions
into one category in the current work. Cases meeting the inclusion criteria were considered only
once in the current analyses. The project has been approved by the ethics committee CEIm de

Euskadi at 22/07/2020 (reference code: P12020087).

Patient and public involvement

Due to the study design, no patient and public involvement was considered. Nonetheless, two of

the authors are medical doctors, which has offered valuable support during this work.

Statistical analysis

Continuous variables are presented as means with standard deviations (SD), while medians and
interquartile ranges (Q1, Q3) are given for discrete variables. Categorical variables are presented
with frequencies and percentages (%). Three-group unadjusted comparisons were performed with
the one-way ANOVA, Kruskal-Wallis and chi-square test, respectively. The Jonckheere-Terpstra
and Mantel-Haenszel chi-square, both testing for a trend along the three severity groups were

additionally tested (16).

CART

The CART methodology is a non-parametric statistical tool, which can be very useful when
handling big data sets with many variables. This statistical technique partitions the sample into
smaller homogenous groups that share the same characteristics. The splitting process starts
considering the whole sample that is then recursively partitioned into mutually exclusive sub-
samples according to the most important variables, selected among all candidate variables.
Important variables in CART are those that minimize the variability of the outcome within each

sub-sample. This process results in a tree-like structure with multiple levels, which offers a visual
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representation of which variables affect the outcome the most. At the same time, it allows
understanding the inter-relations the indicated factors may have with one another. CART analysis

is a flexible option for data sets with correlated variables, as in our case. (14,17).

The starting point of the tree structure is the root node and each split is an offspring node.
Offsprings that do not split any further are called terminal. In the current analyses splitting was
based on the entropy criterion and each variable was allowed only once per tree branch. For a
stopping rule, the number of terminal nodes, and the observations included in each of them were
considered. A tree with 10 terminal nodes, each including at least 1% of the valid sample data
was selected. Cost-complexity pruning was applied. Variables with significance levels p>0.010
in the three-group comparisons and those with a total frequency <1% of the valid sample were
excluded from the CART stage, while missing data were omitted (14). Analyses were performed
with the SAS software version 9.4 (Copyright (c) 2016 by SAS Institute Inc., Cary, NC, USA.).

The SAS proc hpsplit function was used for tree construction.

Results

A total of n=14197 COVID-19 cases fulfilled the inclusion criteria. Of n=9722 (68.5%) received
PC attention only, n=3710 (26.1%) had a hospital or ICU admission (n=3630 and 80,
respectively), and n=765 died (5.4%). Most cases were detected via PCR (n=8933), and this
detection method was the most prevalent in all three outcome groups (PC: 51.0%, Hospital/ICU:
87.7%, Death: 93.3%). Table 1 presents the baseline information of the sample. Overall, mean
age was 53.7 (SD:17.4) years, and it increased with outcome severity. Most infected cases were
females, but at the same time this sex group presented lower infection severity. In particular
females were more prevalent in PC (68.4%), whereas more males were observed in the
Hospital/ICU and Death groups. As far as the heath care complexity stratification variable was
concerned, the PC outcome group presented the highest percentage of healthy individuals
(36.1%), while case management was most prevalent in the Death outcome group (36.6%). Based
on the available information, individuals with an annual income <18.000 euros were more

prevalent in the Hospital/ICU and Death groups, and those with higher income received mostly
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PC attention. Finally, the Death group had the highest percentage of individuals with a flu
vaccination in the previous year. This observation was consistent for cases <65 and >65 years of
age, even though the corresponding percentages of the older cases were higher. All comparisons

were statistically significant.

Chronic medication consumption data are presented in Table 2. Overall, the most consumed
medications were those for the nervous system (38.7%), alimentary tract and metabolism (33.0%),
and cardiovascular system (30.2%). With the exception of musculo-skeletal system and
antiparasitic products, insecticides and repellents, the same trend was observed in all other ATC
types. The consumption of alimentary tract and metabolism disorders (A), blood and blood
forming organs (B), cardiovascular system (C), and nervous system diseases drugs (N) exceeded
60% in the Death group. Both polypharmacy and the number of ATC types consumed was

associated with infection severity.

Regarding the chronic diseases, the most prevalent condition was related to mental pathologies
(Table 3). In particular, 30% of the sample had received a diagnosis corresponding to the ICD-9
neurotic, personality or other nonpsychotic mental disorder. Hypertension was the next more
prevalent condition (21%), followed by diseases of the blood and blood forming organs (11.5%),
diseases of the esophagus, stomach and duodenum (10.4%). Diabetes mellitus was present in
8.5% of the sample. With the exception of neurotic, personality or other nonpsychotic conditions,
that presented the same distribution along the three outcome groups, the prevalence of the most
frequent pathologies increased with COVID-19 severity. A similar trend was seen in the total
number of chronic diseases. Non-infectious enteritis and colitis, and allergic asthma were the only
chronic conditions presenting a descending prevalence with outcome severity, but percentage

differences were low.
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CART

The CART process indicated that age, sex, health care complexity stratification, the ATC
categories of blood and blood forming organ medication (B), as well as nervous system drugs (N)
along with the frequency of ATC types consumed would be the most relevant variables in
understanding the main case characteristics associated to the outcome. During this process the
variable of psychoses was also flagged as important. In spite of its low prevalence (2.9%)
psychoses was given a lot of weight in the older section of the population. The inclusion of this
pathology resulted in a less parsimonious model; with ATC-N drugs placed in an additional tree
level. Nonetheless, given that psychoses was the single variable resulting in a node with a death
majority, and that other authors have already suggested an association between antipsychotic
drugs and mortality in COVID-19 cases (9), presenting the corresponding findings was
considered of relevance. Therefore, the CART process was repeated twice, first excluding and

afterwards including psychoses.

Excluding psychoses

The tree generated by the CART process is depicted in Figure 1. Most cases <64.7 years of age
(81.4%, node 1) received mainly PC attention. In this tree branch, males presented 15.3% more
Hospital/ICU compared to females. Among males, those with worse health (node §) had 19.2%
more Hospital/ICU admissions, compared to the rest (node 7). The majority of males with worse

baseline health status who consumed >3 ATC types experienced a Hospital/ICU admission.

Cases >64.7 years of age had mainly a Hospital/ICU outcome (52.6%), with a considerable Death
prevalence (21.2%). Those with worse baseline health (node 6) had 4.6% more Hospital/ICU
admissions and 15.8% more Deaths, compared to the rest. Cases with better baseline health status
(node 5) were further split according to ATC-B consumption. Death for blood and blood forming
organ drugs consumers was experienced in 23.2% of the cases, with the same outcome being

9.1% in non-consumers. Within this last group (node 9) the majority of females received PC
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attention, while Hospital/ICU was the most prevalent outcome in males. In a similar way, among
node 6 cases, males presented worse evolution than females. Finally, males consuming chronic
medications for the nervous system (node 18) had 17.9% more Deaths compared to non-
consumers. The 10 terminal nodes can easily be ordered less severe (i.e. <64.7 year old females,
node 3) to most severe outcomes groups (i.e. >64.7 year old disease and case management males

who consume nervous system drugs, node 10).

Including psychoses

The resulting CART model when the variable of psychoses was included in the recursive process
is presented in Figure 2. Psychoses, was one of the main variables of this model, and the single
split variable for node 6. Inclusion of this pathology added one more level to the CART tree, with
chronic nervous system drugs being a split variable for node 15. Cases with psychoses had a 50%
Death. The ATC-N consumers presented less PC and higher Death compared to non-consumers.
No other changes were observed compared to the Figure 1A model. In this case the most severe

outcome group was >64.7 year old disease and case management cases with psychosis (node 12).
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Discussion

The present work has studied the sociodemographic and clinical characteristics of a big number
of Spanish COVID-19 cases of the first pandemic wave. According to the information extracted
from electronic health record data, the variables of age, sex, previous pathologies and chronic

drug consumption may be decisive in understanding infection severity.

Both age and male sex have been flagged as important risk factors by previous COVID-19
research (2,3,7,9,11,12,18). The importance of age is probably undisputable, given the
deterioration of the body’s immunity mechanisms and the loss of its capacity to adapt to the
environment (19). The present data appears to reflect this known aging effect. In relation to the
variable of sex, females presented consistently higher PC and lower Hospital/ICU in the splits
where sex was present. Data from various countries are suggesting that females have better
COVID-19 infection outcomes than males (7,20). Females are considered to have stronger
immunity systems (21). Even though the exact mechanisms responsible for these differences in
the COVID-19 context are still unclear and probably multifactorial (20); certain works are
hypothesizing that low androgens levels can have a protective role against this disease (22). The
current data, in conjunction with previous evidence call for a better understanding of the role of
sex, in the current pandemic. Sex-specific analyses of future wave data should be planned. But
more importantly, high quality prospective studies collecting sex-disaggregated data are needed

(23).

The health care complexity stratification variable was present in both main tree arms. It should
be mentioned that the way CART divided this 4-category variable into a binary one, by merging
the two less severe vs. the two more severe groups was imposed by the data, not the investigators.
Worse health status at the time of the infection, was associated to more hospitalizations for
younger cases, and mainly to more deaths among older individuals. The inclusion of this
stratification variable in the CART model is a relevant finding. Tools that stratify the general
population, identifying those at greater risk, can be an asset for public health prevention programs.

In the COVID-19 literature, the stratification approach has so far mainly focused on hospitalized
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patients (12,24,25). While one meta-analysis of in-hospital cases claimed that in COVID-19
infections underlying health conditions are even more important than age(26). Our data suggest
that, at least at the local level, this very stratification variable can offer valuable information and
its implementation may worth be considered when setting up public health action plans. Study of

similar indicators used in other health systems would be encouraged.

As far as the drug consumption was concerned, chronic blood and blood forming organ drugs (B)
and drugs for the nervous system (N), both appeared as important variables for cases >64.7 years
of age. Cases consuming those drugs presented higher severity levels. ATC-N was the most
frequent medication across all three outcome groups. ATC-B had the steepest raising in
consumption from one severity level to the next. Several neurological manifestations after a
COVID-19 infection have been described in the literature, with the virus perceived by certain
authors as a threat for the whole nervous system (27). It is probable that individuals already
suffering by chronic neurological conditions may be indeed more likely to present worse
outcomes once infected (28,29). Blood related parameters like systolic and diastolic pressure, red
and white cell counts, platelets, lymphocytes, among others, have been highlighted as significant
predictors in different COVID-19 diagnostic models (7). An association between certain ATC-B
drugs and higher odds of death in infected cases has also been observed(9). Chronic
anticoagulation treatment, is referenced as protective against COVID-19 mortality by some (30),
and ineffective by others (31). COVID-19 cases present a high frequency of thrombotic events,
which is leading to an expansion of anticoagulation drug use when treating the disease (32). But
in patients already receiving such drugs prior to infection, drug-drug interactions and infection
severity should be carefully assessed before any antiviral therapy is given, or switching from oral
to parenteral antithrombotic administration (33). Worse severity seen among ATC-B consumers
in the current data may reflect also an increased risk for patients already under anticoagulation
therapy. Poor outcomes due to therapeutic decisions and drug-drug interactions cannot be

excluded either. Our continuing COVID-19 work will refine future data explorations. Obtaining
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for example ATC data at the second or third level, as well as information of in-patient treatments

will offer more insight into these associations.

Psychoses was a relevant variable in the CART process. Antipsychotic drugs belong to the ATC-
N medication type; which is probably why allowing for the inclusion of psychoses relocated this
drug group further down in the tree structure. Older patients with worse baseline health and
psychoses had the highest death rate among all CART nodes. We can only hypothesize over the
mechanisms that could explain such a finding. On one hand, individuals with psychotic disorders
present excess mortality compared to the general population, mainly due to lifestyle choices,
associated comorbidities and medication side effects (34). On the other hand, the treatment
management of these cases is challenging as alteration or abrupt cessation of their current
medication could potentially lead to a sudden health deterioration or even death (35). This could
happen for example during hospital and ICU admissions. In the present sample 75% of the deaths
seen in the psychoses node had been admitted to a hospital during the study period. The available
information does not allow knowing whether death took place during the admissions, neither the
in-patient treatment regime. An observational USA study of >60000 cases claimed that
psychiatric disorders are a risk factor associated to higher COVID-19 diagnosis; with psychosis
presenting greater risk ratios versus mood and anxiety disorders. The same study also reported an
increased risk of first-time psychiatric disorders for survivors (36). Others have suggested that
antipsychotics use (9) and schizophrenia spectrum disorders (37) are associated with higher
COVID-19 mortality. Even though more research in this direction is required, the available data

seem to highlight the need for a close monitoring of cases with psychiatric disorders.

The total number of chronically consumed ATC types was an important variable among cases
<64.7 years of age. This variable, which could also be perceived as an indicator of the associated
comorbidities, stresses even more the importance that underlying pathologies may have in

determining the severity of the infection outcome (26).

In this work, a surrogate outcome variable has been used. Assuming that more intensive care

levels represented worse COVID-19 status is a decision also taken by previous authors (11,38—
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40). The available data does not allow studying if admissions and deaths may have been due to
other health problems. The female prevalence of this sample was greater than that seen in other
COVID-19 publications (3,4,7), but nonetheless similar to previous studies performed in this
country (9,11). In the Spanish reality, women traditionally assume the caretaker’s role for younger
and older members of their families, while they also occupy more home-assisting jobs (41) and
health related professions (42). All these conditions may imply higher exposure rates to the virus,

which may offer a possible explanation for the sample’s sex distribution.

The current study has certain limitations. The implemented information is based exclusively on
electronic health record data within the previously defined dates. After that period the severity of
certain cases may have worsen. Nonetheless, the end study date corresponds to the end of the first
COVID-19 wave in our area, where new infections and deaths were very low. This, in
combination with the big study sample should have minimized the effect of possible outcome
variations. No COVID-19 symptoms are presented. An attempt to register these symptoms was
incorporated at the Osakidetza electronic records, early on after the outbreak. But, the number of
symptoms and registration format evolved over the studied period; PC and hospital registrations
differed; the medical staff mostly annotated symptoms in text format; while most importantly
such registration was totally missing in many cases. During analysis an effort to re-code text
annotations, and homogenize information from primary care and hospital data was made. In spite
of that, and due to the frequency of missing values, the representativeness of the corresponding
data could not be assumed. Symptoms are probably more relevant for algorithms discriminating
cases from non-cases (43). During the first pandemic wave no massive population testings were
performed in Spain, but at the end of that wave serology tests were administered to the health
professionals and allied services of our geographic area. Thus, identified cases were either
symptomatic, close contacts of cases, or individuals working in the health sector. However, the
profession of the cases was not an available piece of information in this sample. Working with
health records makes recovering missing data or refining variable information a very difficult

task. This was also the case with the income level. Its broad categories may have obscured a more
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appropriate exploration. On the other hand, the high frequency of missing income level data seen

3

in the Death group, is due to the “un-subscriptions” of the dead cases from the medication
dispensing registry. It is important to note that the target of the Basque public health system is a

health coverage based on the health needs and not the earnings of the individuals.

One of the main strength of this study is its big sample size. The consideration of three outcome
groups is another advantage, which allows for a better visualization of the different severity levels
of the disease. Finally, implementing the CART methodology assisted in translating a complex
and multifactorial reality into an easy to follow picture. Our findings make clinical sense and are
supported by previous evidence. They appear to endorse the need for public health prevention
plans that consider population characteristics. At the same time, they highlight that for a
multifactorial problem to be properly treated, not only the factors affecting it, but also the inter-
relations between the latter should be thoroughly studied. The COVID-19 pandemic may be a
new starting point in the public health paradigm. The necessity for public health promoters to
work hand-in-hand with investigators and data analysts has become indisputable, under the
current circumstances. Prevention plans should be based on rigorous data and understanding of
the latter. This is the only way to assure that possible re-organization and estimation of future

resources can reach optimal results.
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Table 1: Baseline information of the COVID-19 cases during the first wave of the pandemic

Page 24 of 30

Variables Total (n=14197) Primary Care Hospital/ICU Death p-value
(n=9722) (n=3710) (n=765)
Age; mean (SD) 53.7(17.4) 48.0 (14.4) 62.8 (16.1) 82.3(10.5) <0.0001
Sex
Male 5520 (38.9) 3073 (31.6) 2031 (54.7) 416 (54.4) <0.0001
Female 8677 (61.1) 6649 (68.4) 1679 (45.3) 349 (45.6)
Health care complexity
Missing information 405 (2.9) 307 (3.2) 86 (2.3) 12 (1.6)
Prevention and promotion 3878 (27.3) 3399 (36.1) 470 (12.9) 9(1.2) <0.0001
Self-management support 6821 (48.0) 4989 (52.9) 1675 (46.2) 157 (20.8)
Disease management 2252 (15.9) 891 (9.4) 1050 (28.9) 311 (41.3)
Case management 841 (5.9) 136 (1.4) 429 (11.8) 276 (36.6)
Income level
Missing information 854 (6.0) 251 (2.6) 130 (3.5) 473 (61.8)
<18.000 euros 6536 (46.0) 4297 (45.3) 2038 (56.9) 201 (68.8) <0.0001
18.000-100.000 euros 6670 (47.0) 5074 (53.5) 1507 (42.0) 89 (30.4)
>100.000 euros 137 (1.0) 100 (1.0) 35(0.9) 2 (0.6)
Flu vaccination in 2019: yes
All vaccinated cases 3336 (23.5) 1322 (13.6) 1446 (39.0) 568 (74.2) <0.0001
Vaccinated cases <65 years old 1103 (10.1) 814 (9.2) 265 (13.6) 24 (42.8) <0.0001
Vaccinated cases > 65 years old 2233 (66.5) 508 (57.7) 1181 (66.9) 544 (76.7) <0.0001

Data are frequency (percentage), unless otherwise stated. For variables with missing information, percentages and statistical
comparisons are based on valid data only. Presented p-values are based on one-way ANOVA for the variable of age and the chi-
square test for the categorical variables. Cases <65 year and > 65 years were n=10843 and n=3354, respectively. Jonckheere-
Terpstra and Mantel-Haenszel chi-square test for trend also resulted in p<0.0001 in all comparisons.
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4

5

6

7 Table 2: Chronic medication consumption of the COVID-19 sample.

8 Total Primary Care Hospital/ICU Death p-value
9 (n=14197) (n=9722) (n=3710) (n=765)

10 Medication (ATC type)

11  Alimentary tract and metabolism (A) 4685 (33.0) 2234 (23.0) 1837 (49.5) 614(80.3) <0.0001
12 Blood and blood forming organs (B) 2414 (17.0) 889 (9.1) 1057 (28.5) 468 (61.2)  <0.0001
13 Cardiovascular system (C) 4294 (30.2) 1813 (18.6) 1893 (51.0) 588 (76.9) <0.0001
14 Dermatologicals (D) 1765 (12.4) 1032 (10.6) 581 (15.7) 152 (19.9)  <0.0001
12 Genitourinary system and sex hormones (G) 1690 (11.9) 1050 (10.8) 505 (13.6) 135(17.6)  <0.0001
17 Systemic Hormonal preparations, excluding sex 1504 (10.6) 876 (9.0) 492 (13.3) 136 (17.8)  <0.0001
18 hormones and insulins (H)

19  Antiinfectives for systemic use (J) 223 (1.6) 122 (1.3) 73 (2.0) 28 (3.7) <0.0001
20 Antineoplastic and immunomodulating agents (L) 360 (2.5) 165 (1.7) 141 (3.8) 54 (7.1) <0.0001
;; Musculo-Skeletal system (M) 3137 (22.1) 2010 (20.7) 952 (25.7) 175(22.9) <0.0001
23 Nervous System (N) 5494 (38.7) 2906 (29.9) 1931 (52.0) 657 (85.9) <0.0001
24  Antiparasitic products, insecticides and repellents (P) 42 (0.3) 24 (0.2) 15 (0.4) 3(0.4) 0.284
25  Respiratory System (R) 2603 (18.3) 1517 (15.6) 864 (23.3) 222(29.0)  <0.0001
26 Sensory Organs (S) 863 (6.1) 443 (4.6) 297 (8.0) 123 (16.1)  <0.0001
27 Various 2 188 (1.3) 45 (0.5) 58 (1.6) 85 (11.1) <0.0001
;S Polypharmacy: yes 2921 (20.5) 935 (9.6) 1357 (36.5)  629(82.2)  <0.0001
30 Num. ATC types consumed: median (Q1,Q3) 2(0, 3) 1(0,3) 3(1,4) 5(@3,6) <0.0001

31 Data are frequency (percentage), unless otherwise stated. Q1, Q3: interquartile range values. ATC: Anatomical Therapeutic Chemicals. Presented p-
32 values are based on the Chi-square test. The Jonckheere-Terpstra and Mantel-Haenszel chi-square test for trend resulted in very similar results in all
33 comparisons.
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Table 3: Chronic diseases of the COVID-19 cases in the three outcome groups

Disease Total Primary Care Hospital/ICU Death p-value
(n=14197) (n=9722) (n=3710) (n=765)

Infectious disease

HIV infection 23 (0.2) 7(0.1) 12 (0.3) 4(0.5) 0.0002

Liver disease and cirrhosis 133 (0.9) 49 (0.5) 72 (1.9) 12 (1.6) <0.0001

Malignant neoplasm 918 (6.4) 364 (3.7) 410 (11.0) 144 (18.8) <0.0001

Endocrine diseases

Subclinical hypothyroidism without treatment 1101 (7.8) 747 (7.7) 294 (7.9) 60 (7.8) 0.892

Diabetes Mellitus 1213 (8.5) 395 (4.1) 606 (16.3) 212 (27.7) <0.0001

Diseases of the blood and blood-forming 1602 (11.3) 930 (9.6) 492 (13.3) 180 (23.5) <0.0001

organs

Mental disorders

Psychoses 412 (2.9) 138 (1.4) 143 (3.9) 131 (17.1) <0.0001

Neurotic disorders, personality disorders, and 4258 (30.0) 2926 (30.1) 1096 (29.5) 236 (30.8) 0.712

other nonpsychotic mental disorders

Mental retardation 39(0.3) 24 (0.2) 14 (0.4) 1(0.1) 0.319

Nervous system diseases

Dementia 126 (0.8) 20(0.2) 32(0.8) 74 (9.6) <0.0001

Other hereditary and degenerative diseases of 307 (2.1) 127 (1.3) 122 (3.2) 58 (7.5) <0.0001

the central nervous system

Diseases of the circulatory system

Hypertensive disease 2988 (21.0) 1177 (12.1) 1364 (36.8) 447 (58.4) <0.0001

Ischemic heart disease 448 (3.2) 111 (1.1) 237 (6.4) 100 (13.1) <0.0001

Cerebrovascular disease 611 (4.3) 189 (1.9) 266 (7.2) 156 (20.4) <0.0001

Heart failure & Atrial fibrillation and flutter 709 (5.0) 132 (1.4) 361 (9.7) 216 (28.2) <0.0001

Acute pulmonary heart disease & other venous 150 (1.1) 49 (0.5) 73 (2.0) 28 (3.7) <0.0001

embolism and thrombosis

Arterial embolism and thrombosis 39 (0.3) 17(0.2) 17 (0.5) 5(0.7) 0.002

Respiratory disease

Allergic asthma 354 (2.4) 258 (2.6) 88 (2.3) 8 (1.0) 0.019

Chronic obstructive pulmonary disease and 1190 (8.3) 630 (6.4) 432 (11.6) 128 (16.7) <0.0001

allied conditions (excl. allergic asthma)

Pneumonoconioses and other lung diseases due 20 (0.1) 9(0.1) 8(0.2) 3(0.4) 0.038

to external agents

Diseases of the Digestive system

Diseases of esophagus, stomach and duodenum 1481 (10.4) 907 (9.3) 468 (12.6) 106 (13.9) <0.0001

Non-infectious enteritis and colitis 643 (4.5) 500 (5.1) 121 (3.3) 22 (2.9) <0.0001

Regional enteritis & Ulcerative Colitis 73 (0.5) 51(0.5) 16 (0.4) 6(0.8) 0.447

Disease of the genitourinary system

Chronic kidney disease 398 (2.8) 87 (0.9) 188 (5.1) 123 (16.1) <0.0001

Diseases of the skin and subcutaneous tissue

Psoriasis 315(2.2) 180 (1.9) 113 (3.0) 22 (2.9) <0.0001

Diseases of the musculoskeletal system and

connective tissue

Systemic lupus erythematosus 36 (0.3) 24 (0.2) 10 (0.3) 2(0.3) 0.972

Rheumatoid arthritis and other inflammatory 125 (0.9) 59 (0.6) 55(1.5) 11(1.4) <0.0001

polyarthropathies

Arthropathy associated with other disorders 8(0.1) 5(0.1) 1 (0.0) 2(0.3) 0.042

classified elsewhere

Multimorbidity: >2 chronic diseases 5326 (37.5) 2715 (27.9) 1975 (53.2) 636 (83.1) <0.0001

Total number of chronic diseases

Median (Q1, Q3) 1(0,2) 1(0,2) 2(1,3) 32,4 <0.0001

Data are frequency (percentage) unless otherwise stated; Q1, Q3: interquartile range values. Presented p-values are based on the
Chi-square test. The Jonckheere-Terpstra and Mantel-Haenszel chi-square test for trend resulted in very similar results in

all comparisons.
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Fig 1: CART model without psychosis. PC: primary care; Hos/ICU: hospital and intensive care unit.
Percentages up to 3 decimal places are given. Due to rounding, node percentages may not add to 100%.
Pre/Pro & Self: Prevention and promotion, and Self-management support. Disease & Case: Disease
management and Case management. ATC: Anatomical Therapeutic Chemical. White nodes represent
groups with a higher percentage of PC care. Grey nodes represent groups with a higher percentage of
9 Hospital/ICU admission.

oNOYTULT D WN =

12 Fig 2: CART model with psychosis. PC: primary care; Hos/ICU: hospital and intensive care unit. Percentages
13 up to 3 decimal places are given. Due to rounding, node percentages may not add to 100%. Pre/Pro & Self:
Prevention and promotion, and Self-management support. Disease & Case: Disease management and Case
management. ATC: Anatomical Therapeutic Chemical. White nodes represent groups with a higher
percentage of PC care. Grey nodes represent groups with a higher percentage of Hospital/ICU admission,
18 and grey stripes nodes groups with a higher percentage of Death.
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1) <64.7
N=10511

PC: 0.814

Hos/ICU: 0.180
Exitus: 0.005

Sex

3) Female 4) Male
N=6780 N=3731

PC:0.871 PC:0.710
Hos/ICU: 0.126

Hos/ICU: 0.279
Exitus: 0.002 Exitus: 0.010

Health care stratification

7) Pre/Pro & Self

8) Disease & Case

N=3273 N=458
PC:0.742 PC: 0.484
Hosp/ICU: 0.255 Hosp/ICU: 0.447
Exitus: 0.002 | Exitus: 0.067
ATC sum
13) €3 ATC types 14) >3 ATC types
N=213 N=245
PC:0.572 PC: 0.408
Hos/ICU: 0.366 Hos/ICU: 0.518
Exitus: 0.061 Exitus: 0.073

CART model without psychosis. PC: primary care; Hos/ICU: hospital and intensive care unit. Percentages up
to 3 decimal places are given. Due to rounding, node percentages may not add to 100%. Pre/Pro & Self:
Prevention and promotion, and Self-management support. Disease & Case: Disease management and Case
management. ATC: Anatomical Therapeutic Chemical. White nodes represent groups with a higher
percentage of PC care. Grey nodes represent groups with a higher percentage of Hospital/ICU admission.

90x90mm (300 x 300 DPI)

BMJ Open
Node 0
N=13792
Age
2) 264.7
N=3281
PC: 0.260
Hos/ICU: 0.526
Exitus: 0.212
Health care stratification
5) Pre/Pro & Self 6) Disease & Case
N=1299 N=1982
PC: 0.384 PC:0.180
Hos/ICU: 0.498 Hos/ICU: 0.544
Exitus: 0.117 Exitus: 0.275
|
Blood drugs Sex
9) No 10) Yes 11) Female 12) Male
N=1058 N=241 N=962 N=1020
PC:0.405 PC:0.290 PC:0.236 PC:0.127
Hos/ICU: 0.502 Hos/ICU: 0.477 Hos/ICU: 0.504 Hos/ICU: 0.583
Exitus: 0.091 Exitus: 0,232 Exitus: 0,259 Exitus: 0,289
|
Sex Nervous system drugs
15) Female 16) Male 17) No 18) Yes
N=579 N=479 N=262 N=758
PC: 0.466 AP: 0331 AP: 0.156 AP:0.117
Hos/ICU: 0.437 Hos/ICU: 0.582 Hos/ICU: 0.687 Hos/ICU: 0.547
Exitus: 0.096 Exitus: 0.085

Exitus: 0.156 Exitus: 0.335
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1)<64.7
11 N=10511

PC:0.814

13 Hos/ICU: 0.180

Exitus: 0.005
14 !

15 Sex

1 6 3) Female
17 N=6780

18 PC:0.871
Hos/ICU: 0.126
19 Exitus: 0,002

4) Male
N=3731

PC:0.710
Hos/ICU: 0.279
Exitus: 0.010

21 Health care stratification
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Node 0
N=13792
Age
2) 264.7
N=3281

PC: 0.260

Hos/ICU: 0.526

Exitus: 0.212

Health care stratification

5) Pre/Pro & Self
N=1299

PC:0.384

Hos/ICU: 0.498
Exitus: 0.117

Blood drugs

6) Disease & Case
N=1982

PC:0.180

Hos/ICU: 0.544
Exitus: 0.275

Psychosis

7) Pre/Pro & Self
N=3273

PC:0.742
Hosp/ICU: 0.255
Exitus: 0.002

8) Disease & Case
N=458

PC:0.484
Hosp/ICU: 0.447
Exitus: 0.067

9) No
N=1058

PC: 0.405
Hos/ICU: 0.502

10) Yes
N=241

PC: 0.290
Hos/ICU: 0.477
Exitus: 0.232

11) No
N=1780

PC:0.184
Hos/ICU: 0.565
Exitus: 0.249

12) Yes
N=202

RC:0.138
Hos/ICU: 0.361
Exitus: 0,500

Exitus: 0.091

ATC sum Sex

14) >3 ATC types
N=245

13) €3 ATC types

28 N=213

PC:0.572
30 Hos/ICU: 0.366
Exitus: 0.061

15) Female
N=579

16) Male
N=479

PC: 0.466
Hos/ICU: 0.437
Exitus: 0.096

AP: 0.331
Hos/ICU: 0.582
Exitus: 0.085

PC: 0.408
Hos/ICU: 0.518
Exitus: 0.073

32 Nervous system drugs

33 17)No

N=192

18) Yes
N=387

AP: 0.447
Hos/ICU: 0.421
Exitus: 0.131

35 AP:0.505
Hos/ICU: 0.468
36 Exitus: 0.026

39 CART model with psychosis. PC: primary care; Hos/ICU: hospital and intensive care unit. Percentages up to
3 decimal places are given. Due to rounding, node percentages may not add to 100%. Pre/Pro & Self:
Prevention and promotion, and Self-management support. Disease & Case: Disease management and Case
management. ATC: Anatomical Therapeutic Chemical. White nodes represent groups with a higher
42 percentage of PC care. Grey nodes represent groups with a higher percentage of Hospital/ICU admission,

43 and grey stripes nodes groups with a higher percentage of Death.
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STROBE Statement—checklist of items that should be included in reports of cross-sectional studies

Item page
No Recommendation

Title and abstract | (a) Indicate the study’s design with a commonly used term in the title or the | 1,2
abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being 3
reported

Objectives 3 State specific objectives, including any prespecified hypotheses 34

Methods

Study design 4 Present key elements of study design early in the paper 4,5

Setting 5 Describe the setting, locations, and relevant dates, including periods of 4
recruitment, exposure, follow-up, and data collection

Participants 6 (a) Cross-sectional study—Give the eligibility criteria, and the sources and 4,5
methods of selection of participants

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 4.5
and effect modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of | 4,5

measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at 4

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 4
applicable, describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 5,6
confounding
(b) Describe any methods used to examine subgroups and interactions 5,6
(c) Explain how missing data were addressed 6
(d) Cross-sectional study—If applicable, describe analytical methods taking | 5,6

Continued on next page

account of sampling strategy

(e) Describe any sensitivity analyses
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Results page
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially | 6
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 6
(¢) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and | Tablel
data information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest | Tablel
Outcome data 15* Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 6,8,9,
and their precision (eg, 95% confidence interval). Make clear which confounders | figurel
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 6, figurel
(c) If relevant, consider translating estimates of relative risk into absolute risk for
a meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 8,9
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 10
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 12,13
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, | 10-12
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 10-12
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if | 14

applicable, for the original study on which the present article is based

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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