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INTRODUCTION: Social vulnerability is a known deter-
minant of health in respiratory diseases. Our aim was to
identify whether there are socio-demographic factors
among COVID-19 patients hospitalized in Spain and their
potential impact on health outcomes during the
hospitalization.

METHODS: A multicentric retrospective case series study
based on administrative databases that included all
COVID-19 cases admitted in 19 Spanish hospitals from
1 March to 15 April 2020. Socio-demographic data were
collected. Outcomes were critical care admission and in-
hospital mortality.

RESULTS: We included 10,110 COVID-19 patients ad-
mitted to 18 Spanish hospitals (median age 68 (IQR 54—
80) years old; 44.5% female; 14.8% were not born in
Spain). Among these, 779 (7.7%) cases were admitted to
critical care units and 1678 (16.6%) patients died during
the hospitalization. Age, male gender, being immigrant,
and low hospital saturation were independently associat-
ed with being admitted to an intensive care unit. Age, male
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gender, being immigrant, percentile of average per capita
income, and hospital experience were independently as-
sociated with in-hospital mortality.

CONCLUSIONS: Social determinants such as residence
in low-income areas and being born in Latin American
countries were associated with increased odds of being
admitted to an intensive care unit and of in-hospital mor-
tality. There was considerable variation in outcomes be-
tween different Spanish centers.

KEY WORDS: COVID-19; in-hospital mortality; intensive care unit
admission; socio-demographic factors; health inequalities.
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INTRODUCTION

In the mid-nineteenth century, based on the typhus epi-
demic in Upper Silesia and cholera and tuberculosis out-
break in Berlin, Rudolf Virchow developed the theory that
social circumstances allow the spread of illnesses. In his
own words “[...] crowd diseases point everywhere to
deficiencies in society”."

More than 100 years later, the first coronavirus disease-
2019 (COVID-19) case was reported in Wuhan (Hubei,
China), with subsequent worldwide spread.” Spain has
been one of the most affected countries with high rates
of cases (estimated in more than 5% of population in
seroprevalence studies)’ and mortality by the spring peri-
od 2020.*% 7

Social vulnerability is defined by social, economic, demo-
graphic, and geographic characteristics and determines the risk
exposure and the community capacity to respond and recover
from disasters.” It has been widely proven that social determi-
nants can affect health'® '" and infectious diseases are a great
example on how social vulnerability can influence health
outcomes.'> '?

Recent studies have shown that black, Latino, and na-
tive American communities in the USA have been dispro-
portionately impacted by COVID-19 with higher inci-
dence and mortality.'*'® These differences have been
seen in Spain, where the incidence in the poorest neigh-
borhoods was 2.5 times greater compared with the richest
ones.'” Incidence and mortality variation may reflect
health inequalities and the social determinants in a country
with high rates of inequity, supporting the association
between social vulnerability and prognosis in COVID-
199 15,18

Health care equity and socio-demographics determi-
nants such as age, gender, ethnicity, level of education,
economic status, and characteristics of the area where
subjects live may have a significant influence on their
health status and outcomes.'® As Virchow suggested, pan-
demics disproportionately affect the poorest and most
disadvantaged areas.””

Thus, social determinants of health and health care
system disparities should be included as part of pandemic
research priorities, public health goals, and policy imple-
mentation,?! because those determinants can affect how
epidemics impact these populations.

Although the Spanish health care system is universal
and accessibility is theoretically guaranteed to everyone,
there is little information about the effect of social deter-
minants in health outcomes among patients in Spanish
hospitals during the COVID-19 pandemic. The objective
of the present study was to determine whether socio-
demographic factors of COVID-19 patients hospitalized
in centers of different regions in Spain impacted hospital-
ization outcomes.

METHODS
Study Design and Patient Selection

This is a multicentered, retrospective case series study based
on administrative data bases that included all COVID-19
patients > 18 years admitted to 18 Spanish centers from 1
March to 15 April 2020. The period of study corresponded
to the peak of cases in Spain during the first phase of the
pandemic.”* All patients were followed until 1 June 2020.
This research was developed following the Helsinki ethical
principles declaration for medical research in humans. The
protocol was approved by the HCSC Ethics and Clinical
Research Committee (Socio-Covid-19 - C.I. 20/370-
E COVID).

We selected 18 urban hospitals including all the 17 admin-
istrative regions of Spain excepting Balearic Islands (Appendix
Figure 1). Two additional centers, one from Madrid and another
from Barcelona, were added because these are the largest cities
in Spain. We included all patients admitted with a confirmed or
high suspicion for COVID-19 during the study period.

Study Variables

Data were collected from two different sources. Firstly, we
used administrative database of hospitals to identify the cases
and to obtain data such as age, gender, birth place, residence
postal code, length of stay, intensive care unit (ICU) admis-
sion, and in-hospital mortality. Each place of birth was
grouped into Latin America, Western Countries, Asia, Arabic
Countries, and Sub-Saharan Africa (Appendix Table 1). Pa-
tients who were not born in Spain were considered as
immigrants.

Secondly, we defined residence area as the postal code area
where each patient lived. From each residence area, per capita
income average (euros/person/year) and population density
(persons/kmz) were obtained from the National Statistics In-
stitute of Spanish Statistical Office (https://www.ine.es/en/in-
dex.htm). These geographical variables were obtained at cen-
sus section level and then merged into postal code via QGIS
(QGIS Development Team (2020). QGIS Geographic Infor-
mation System. Open Source Geospatial Foundation Project.
http://qgis.osgeo.org).

Hospital areas are the smallest level of geographical orga-
nization of the hospital system in Spain in which every people
living in a certain hospital area have an assigned hospital for
their specialized care. Emergent care can be provided by any
hospital, although clinical information from patients who do
not belong to the hospital area is scarce; therefore, those
patients were excluded from the analysis. For each residence
area, the percentile of per capita average income, population
density, and mean age was calculated in relation with the
distribution of all the postal codes of the country.

In addition, we collected hospital characteristics. We calcu-
lated a Hospital Experience Index (HEI), which was defined as
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the daily number of COVID inpatients. For each patient, the
median HEI during the period of hospitalization was calculat-
ed. Emergency Department Saturation Index (EDSI) was de-
fined as the total number of COVID patients who were admit-
ted in the hospital divided by the total number of beds avail-
able, multiplied by the new COVID-admitted cases in the
hospital presenting to the Emergency Department. For each
patient, EDSI was calculated based on the day the patient
arrived to the hospital.

Primary outcomes were ICU admission and all-cause in-
hospital mortality.

Statistical Analysis

Continuous variables are presented as mean (standard deviation
[SD]) or median (interquartile range [IQR]), as appropriate, and
categorical variables as numbers and percentages. Comparisons
were made using Student’s ¢ for normal continuous variables,
Wilcoxon signed-rank test for non-normal continuous vari-
ables, and chi-square test for categorical variables. Follow-up
started at the time of admission. Predictors of outcomes were
explored through generalized linear mixed-effects models,
using the center as random effect. Measures of association were
expressed as odds ratio (OR), with a 95% confidence interval
(CI). We included variables for adjustment based on a p < 0.10
in the univariable analysis. Statistically significant differences
were based on two-tailed comparisons using a p <0.05. Data
analysis was performed using R statistical software (R Core
Team (2018). R: A language and environment for statistical
computing. R Foundation for Statistical Computing. Vienna.
Austria. URL https://www.R-project.org).

RESULTS

Among 12,582 hospitalized COVID-19 patients from 18 centers
in Spain, 10,110 cases were included in the analysis. We exclud-
ed 2472 (19.6%) subjects because they did not belong to the
corresponding hospital areas. The characteristics of each hospital
included in the study are described in online Appendix Table 2.

Characteristics of Population

Table 1 shows the characteristics of the population includ-
ed in the study. The median age was 68 (IQR 54-80)
years old and 4500 of them (44.5%) were female. Among
all patients, 1.498 (14.8%) cases were born in countries
other than Spain. The most common place of birth among
those who were born outside Spain was Latin America
(11%) followed by Western countries (2.2%). In general,
patients who were not born in Spain were younger (69.1
vs 51.4; p<0.001) and more frequently women (44% vs
46.8%; p=0.04) compared to Spanish individuals. Re-
garding data related to the residence area of the patients,
median average per capita income was 11,213 (IQR

Table 1 Characteristics of Population Included in the Study

Total (N=
10,110)

Demographic patient data
Age (years), median (IQR)
Gender female, n (%)
Place of birth, n (%)
-Spain 8649 (85.7)

68.0 (54.0-80.0)
4500 (44.5)

-Western countries except Spain 173 (1.7)
-Latin America countries 1110 (11.0)
-Arabic countries 75 (0.7)
-Asian countries 46 (0.4)
-Sub-Saharan African countries 34 (0.3)

Data related to postal code area where patients live
Average per capita income of postal code areas in
€/person, median (IQR)

Population density (people/km?), median (IQR)
Hospital care data

Hospital Experience Index, median (IQR)
Emergency Department Saturation Index, median
(IQR)

Length of stay, median (IQR)

11,213 (9584
12,451)
140 (7.5-1281.8)

702 (289-1337)
12.4 (2.5-39.8)

8 (4-13)

9.584-12.451) €/person/year and population density was
140 (IQR 7.5-1282) inhabitants/km?). Table 1 shows
these variables categorized into percentiles in relation with
the remaining areas of the country. In relation to hospital
care data, median length of stay, HEI, and EDSI were 8
(IQR 4-13), 702 (IQR 289-1337), and 12.4 (IQR 2.5—
39.8), respectively.

Characteristics of the Population Included
According to Hospital

Socio-demographic data of the subjects in each center is shown
in Appendix Table 3. There were statistically significant differ-
ences between different centers in terms of age, sex, place of
birth, median age, per capita income and population density of
areas, length of stay, HEI, EDSI, ICU admission, and deaths.

Factors Associated with in-Hospital Mortality

Amid all patients, 1.678 (16.6%) patients died during the
hospitalization (Table 2). A higher frequency of death was
found in patients who were older, male, born in Spain, hospi-
talized during periods when HEI and EDSI were lower, living
in areas with lower average per capita income and population
density, and had longer hospitalization (Table 2). Factors
independently associated with in-hospital mortality were age,
male gender, HEI, and percentile of average per capita income
(Table 3). Immigrants shown a non-significant tendency to-
wards higher mortality (OR 1.26 [0.98-1.62]), which only
reached statistical significance in Latin American population
(OR 1.37 [1.01-1.84]). No interaction between age, sex, and
birthplace was found regarding mortality. According to the
model, living in the poorest areas of the country increased the
risk of death in the same amount as 4.4 (95% CI12.7—4.4) years
of aging while those who were from Latin American origin
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Table 2 Univariable Analysis by In-Hospital Mortality and ICU Admission Considering Postal Code Areas According to Country Reference

Survived Died (N=1678) p Non-ICU admitted  ICU admitted )4
(N=8427) (N=9329) (N=1779)
Age (years), median (IQR) 65.0 (52.0-77.0)  82.0 (74.0-87.0) < 0.001  69.0 (54.0-81.0) 64.0 (55.0-71.0) <0.001
Female gender, n (%) 3854 (45.7) 644 (38.4) <0.001 4285 (45.9) 214 (27.5) <0.001
Immigrants, n (%) 975 (22.2) 69 (8.3) <0.001 961 (19.6) 83 (25.7) 0.010
Income (postal code percentile, IQR)  0.60 (0.29-0.80)  0.58 (0.22-0.77) < 0.001  0.60 (0.26-0.80) 0.63 (0.35-0.81) 0.036
Postal code median population 0.84 (0.49-0.94)  0.82(0.49-0.93) 0.224 0.84 (0.49-0.94) 0.76 (0.45-0.92) <0.001
density (percentile, IQR)
Hospital Experience Index, 745 (302-1392) 503 (233-1089) < 0.001 718 (300-1351) 346 (201-1001) <0.001
median (IQR)
Emergency Department Saturation 12.9 (2.9-39.9) 8.7 (1.7-29.8) <0.001 1295 (2.95-41.21) 4.05 (0.58-18.64) <0.001
Index, median (IQR)
Length of stay, median (IQR) 8.0 (5.0-13.0) 6.0 (3.0-12.0) <0.001  7.00 (4.00-12.00) 22.00 (11.00-42.00) < 0.001

According to the R statistical software when a p value is less than 0.001 the value obtained is p<0.001. If it is strictly necessary to indicate the exact p
value we could compute it, but it probably would be in the order of 1e-4 which does not provide more information than <0.001

had the same risk of death as their Spanish counterparts who
were up to 4 years older (95% CI 2.3-4) (Fig. 1).

Factors Associated with ICU Admission

During the studied period, 779 (7.7%) cases were admitted to the
ICU and 267 (32.3%) of them died during hospitalization. Table 2
show the univariable analysis. Patients who were younger, male,
coming from areas with higher average per capita income and
lower population density, hospitalized during periods when HEI
and EDSI were lower, and had longer duration of stay were more
frequently admitted to the ICU (Table 2). After a multivariable
mixed-model analysis, age, male gender, being immigrant, and
lower EDSI were independently associated with ICU admission.
In addition, interaction between age and birthplace was found,
showing an increase in ICU admission in older immigrants (OR
2.0 [1.54-2.71], p<0.01).

DISCUSSION

Our study highlights the impact of social and demographic factors
on the severity of COVID-19 among admitted patients. Living in a
low-income area increased the probability of death. Being from
Latin American countries increased the likelihood of death and of
being admitted to the ICU, after adjustment for age and gender.

Our study also confirms current evidence that older age and male
gender are poor prognostic factors. While the degree of experience
and saturation impacted outcomes, there was great variability
between the different centers.

Our finding that patients living in low resources areas had a
higher probability of dying during hospitalization are consistent
with other studies which show social vulnerability to be associ-
ated with higher COVID-19 infection risk and case fatality.” The
excess of cases of COVID-19 cases in vulnerable communities
has been explained by the inequities that these populations suffer,
including education, income, nutrition, transportation, housing,
jobs, environment, and health care, leading to poor health sta-
tus.'® 2427 Socially vulnerable population are more likely to
work in essential services where physical distancing is less
feasible,”® to use public transportation,” and to live in more
crowded and polluted areas®® *' which is also related to the risk
of respiratory disease,’ a well-known cause of increased infec-
tion risk and fatality in COVID-19.%* 34

Regarding the place of birth, we found that the mortality and the
risk of being admitted to ICU was almost 1.4 and 1.5 times,
respectively, higher in those participants who were born in Latin
American countries in comparison to Spanish population. Some
studies have previously suggested that this population is more
likely to have higher rates of pneumonia, hospital admission, and
respiratory oxygen support.”> Whether this association could be

Table 3 Multivariable Mixed Model for All-Cause Mortality and ICU Admission Considering Postal Code Areas According to Country
Reference

Mortality (OR, unadjusted)

Mortality
(adjusted $)

ICU admission
(OR, unadjusted)

ICU Admission
(OR, Adjusted$)

Age (years)

Female gender

Immigrant

Income

Postal code area median
population density

Hospital Experience Index, median
Emergency Department

Saturation Index, median

3.75 (3.46-4.07) %%
0.74 (0.66-0.82)%**
0.32 (0.24-0.41 )%+
0.88 (0.83-0.93)%*
0.97 (0.92-1.02)

0.77 (0.72-0.81)%+*
0.89 (0.84-0.94) %%+

4.10 (3.74-4.49) 5%
0.57 (0.51-0.64) %+
1.26 (0.98-1.62)
0.89 (0.82-0.98)*
1.09 (0.98-1.22)

0.59 (0.53-0.65) %+
0.93 (0.80-1.08)

0.76 (0.71-0.81)%%x
0.45 (0.38-0.52)%++
1.21 (0.99-1.48)
1.08 (1.01-1.17)%
0.88 (0.82-0.94) %%

0.71 (0.65-0.77)%**%*
0.59 (0.52-0.66)***

0.77 (0.71-0.83) %
0.44 (0.37-0.51) %%
1.28 (1.02-1.61)*
1.08 (0.96-1.21)
0.94 (0.82-1.07)

1.09 (0.93-1.26)
0.45 (0.36-0.57)%%%

”?Multivariable mixed model for mortality (center-intraclass correlation= 0.05, median OR 1.49)

$Multivariable mixed model for ICU admission (center-intraclass correlation= 0.08, median OR 1.65)

Italicized values indicate statistical significance (*p < 0.05, **p < 0.01, ***p<0.001)
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Fig. 1 Probability of death according to the models considering postal code areas according to country reference. Dots represent observed
mortality rates for each age and group. Lines represent the predicted probability according to the mode. In the left pannel it is shown how
according to our model, the probability of death of an individual born in Latin American countries (LATAM) can be as the one of an spanish
born individual 4 years older. In the right pannel is shown how patients who live in the poorer areas of the country have the same mortality as

an individual 4.5 years older living in the richer areas

caused to biological or social factors remain unknown, as Latin
American population is also the main immigrant population in
Spain (41.4% of foreigners according to the 2019 census).

We found that older age increases the risk of death but decreases
the likelihood of ICU admission. Previous studies have found that
mortality increases by age, with 5% mortality between 60 and
69 years, 14.3% between 70 and 79 years, and 21.3% among those
80 years and older.” Older people are characterized by physiologic
aging changes, multiple age-related comorbid conditions, and
polypharmacy. In addition, the immune system of older adults
undergoes several age-related changes, collectively termed im-
mune senescence. Also, certain comorbidities such as cardiovas-
cular risk factors, chronic diseases, and cancer have been associat-
ed with poor outcomes. All of these factors can contribute to poor
health outcomes.*®

While the disparity in COVID-19 fatality between genders
has been reported from the beginning of the pandemic,’” **
few reports have addressed the underlying causes of this
disproportion. Multifactorial causes such as hormone-
regulated expression of receptor angiotensin-converting en-
zyme, changes in immune system and lifestyle, and socioeco-
nomic conditions may be contributors to this disparity.*’

Our study has several limitations. First, the social determinants
were estimated from the postal code area where patients lived at the
moment of the hospitalization which could introduce some infor-
mation bias. Second, socio-demographic variables were not adjust-
ed by comorbidity, clinical, nor therapeutic variables and therefore
confounding effects remain unmeasured. Third, the diagnosis and
admission criteria might vary among the different centers which
may influence the outcomes. Fourth, this is a real-life cohort with
intervention in which attending physicians followed local proto-
cols. Spain was affected early by COVID-19, and initially, there
was little hard evidence on how to effectively treat affected pa-
tients. Treatment recommendations for COVID-19 varied during
the study period, which may have impacted outcomes over time.

We found that in addition to age and gender, social factors were
important prognostic factors in COVID-19. Although this study

was performed in a public universal health care system, a large
variability in outcomes was documented between Spanish centers
which deserves further research.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11606-020-
06584-6.
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