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between underlying conditions and the following outcomes: mortality, admission to hospital or admission to
the intensive care unit (ICU) among those infected with COVID-19.

Methods: This study used data from the Health Protection Surveillance Centre in Ireland and included con-
firmed cases of COVID-19 from the first wave of the pandemic between March and July 2020. Two cohorts
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CO}:IID—IQ were included: all cases (community and hospital) and hospital admissions only. For all cases, health out-
Underlying conditions come data included mortality and hospitalisation. For hospitalised cases, outcome data included mortality
Mortality and ICU admission. Logistic regression was used to examine associations between underlying conditions and

outcomes across both cohorts. Results are presented as adjusted odds ratios (OR) and 95% confidence inter-
vals (CIs).
Findings: There were 19,789 cases included in analysis, which encompassed 1,476 (7.5%) deaths, 2,811
(14.2%) hospitalisations, and 438 (2.2%) ICU admissions of whom 90 (20.5%) died. Significantly higher risk of
mortality, hospitalisation and ICU admission was associated with having chronic heart disease, a BMI >40kg/
m? and male sex. Additionally, diagnosis of a chronic neurological condition (OR 1.41; 95%Cl:1.17, 1.69),
chronic kidney disease (OR 1.74; 95%Cl:1.35, 2.24) and cancer (OR 2.77; 95%Cl:2.21, 3.47) were significantly
associated with higher risk of mortality among all cases, with similar patterns of association observed for
mortality among hospitalised cases.
Interpretation: The identification of underlying conditions among COVID-19 cases may help identify those at
highest risk of the worst health outcomes and inform preventive strategies to improve outcomes.
Funding: This study was supported by the Health Service Executive, Health Protection Surveillance Centre.
KEB and MM are funded by the Health Research Board (RL-15-1579 and EIA-2019-012 respectively).
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1. Introduction [1] and although differences are not fully understood, factors that

may have contributed include variations in the clinical management

Internationally, the ongoing severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic has resulted in approximately
93 million people developing coronavirus disease 2019 (COVID-19)
following infection, and over 2 million deaths as of 18" January 2021
[1]. Variations in mortality rates have been observed internationally
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of patients with COVID-19 (particularly during the early phase of the
pandemic), access to resources, and disparities in healthcare systems.
As many countries are now experiencing resurgences in COVID-19
infections, knowledge about the coronavirus disease has increased
rapidly, much of which has developed from experiences across differ-
ent international healthcare settings.

The majority of those who test positive for COVID-19 will survive
the disease and the United States Centers for Disease Control and Pre-
vention (CDC) and the World Health Organization (WHO) states that,
based on available data, approximately 80% of those who test positive
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for COVID-19 experience a mild illness or are asymptomatic [2]. In
Ireland, the first confirmed case was notified in March 2020 and the
most recent data (as of January 18" 2021) shows that there have
been over 167,000 confirmed cases [3]. Further, there have now been
over 2,300 deaths among confirmed cases [3].

Recent studies have aimed to identify factors associated with
adverse COVID-19 outcomes and more studies are presenting health
outcome data. Few surveillance studies representative of full popula-
tions have been reported, particularly in a European setting. One of
those reported was a recent study from Spain [4]. A recent large UK
study involving 166 hospitals observed that older age and chronic
comorbidities, including obesity, were associated with a higher mor-
tality risk [5]. However most studies have been hospital based or
included a local population [5-8]. A recent systematic review and
meta-analysis that included fourteen studies, with thirteen from
China and one from the United States found that the presence of
comorbidities including coronary heart disease, hypertension, or dia-
betes was associated with significantly higher risk of death among
COVID-19 patients [9]. In addition, underlying conditions including
cardiovascular disease, obesity, and diabetes have been reported as
being associated with higher risk of COVID-19 infection and ICU
admission [10].

To further expand this knowledge and to provide a combined
community and hospital based perspective, this study aimed to
describe the experience in Ireland, using population data from the
national Health Protection Surveillance Centre (HPSC) and examine
the association of underlying conditions on health outcomes of mor-
tality and hospitalisation in confirmed cases of COVID-19 infection,
and mortality and ICU admission in those hospitalised due to COVID-
19 in Ireland from 2" March to 31%¢ July 2020.

2. Methods
2.1. Study overview

This study was reported according to The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guide-
lines for observational studies [11].

This retrospective cohort study used observational, routinely col-
lected notification surveillance data from confirmed cases of COVID-
19 in Ireland. Medical diagnostic laboratories and clinicians in Ireland
are required by law to notify cases of COVID-19 to the Department of
Public Health (Medical Officer of Health) in the patient’s region of res-
idence, who in turn report these cases to the HPSC [12]. Surveillance
of COVID-19 in Ireland is thereby conducted by HPSC in conjunction
with the eight regional Departments of Public Health and medical
diagnostic laboratories. All notification records are housed in the
national electronic Computerised Infectious Disease Reporting (CIDR)
system and supplementary data on cases of COVID-19 cases are col-
lected from a number of different sources (through Public Health fol-
low-up, the Contact Tracing Management Programme (CMP),
enhanced surveillance of cases admitted to intensive care and death
registrations) and these data are also collated on CIDR. Defined data
is collected on each case and specified in the standardised enhanced
surveillance form (ESF).

2.2. Study population and definitions

This study population included those who were confirmed cases
of COVID-19 notified to the HPSC in Ireland between 2™ March to
315 July 2020. A confirmed case is defined as any person meeting the
laboratory criteria of detection of SARS-CoV-2 nucleic acid in a clini-
cal specimen. The testing policy during the observation period was
that cases were tested if they met the following criteria: had symp-
toms consistent with COVID-19, had travelled to an affected region,
were close contacts of a known case or were part of a mass or serial

testing programme [13]. Therefore, this study only included cases
that were laboratory confirmed. Patients were considered to be hos-
pitalised if they were admitted to hospital for at least one overnight
stay (in-patients). Patients were considered as an ICU admission if
they were admitted to ICU for any period of time. Governmental
guidelines on reporting of COVID-19 deaths were adhered to which
followed WHO guidance [14] and a COVID-19 death was defined as a
patient who had died after having a confirmed positive test for
COVID-19. Where a death occurred, death certificates were used for
those who died. Patients were followed up until 14" September
2020, hospital discharge, or death. Analysis of outcomes was con-
ducted separately among two cohorts including (i) the overall study
population of all confirmed cases and (ii) hospital admissions only.

2.3. Data collection (exposures and outcomes)

Data were collected using the ESF. Non-severe cases were inter-
viewed via telephone by regional contact tracing centres or regional
departments of public health. ESFs on hospitalised patients/severe
cases was mainly completed by public health or contact tracing
teams, with some information being provided by hospital teams, but
this was less common. Teams in each intensive care unit updated on
patients in critical care directly. Patient data collected as part of the
ESF included age (categorised as 5-year age-bands), sex, community
health organisation (CHO), living in a residential care facility (yes/
no), and likely source of transmission (close contact of a known con-
firmed case, community transmission, travel related, healthcare
acquired (healthcare acquired (staff) or healthcare acquired
(patient)), or unknown/missing). The presence (yes/no) and type of
underlying conditions captured included chronic heart disease,
chronic neurological condition, chronic respiratory disease, chronic
kidney disease, chronic liver disease, asthma requiring medication,
immunodeficiency condition (including HIV), diabetes, cancer |
malignancy, or other condition. Detailed body mass index (BMI)
information is not routinely captured by the ESF and instead recorded
as the presence or absence of morbid obesity, defined as a BMI of >40
kg/m? (yes | no). Information on the underlying condition of hyper-
tension was not uniformly collected for all cases and was most often
recorded in those admitted to ICU. Therefore, it is not included in the
analysis to reduce risk of bias in the results. Where an underlying
clinical condition was indicated but none of the conditions listed (or
pregnancy) were reported, this was classified as ‘unknown’ for
underlying condition. Where an underlying condition was reported
as ‘pregnant’ this was not included as a clinical condition in the anal-
ysis (either individually or in the count of multimorbidity).

Outcome measures were examined separately, firstly for all cases
and secondly for those requiring hospitalisation. In all cases, out-
comes of mortality and hospitalisation were considered. In the hospi-
talised cases only, the outcomes of admission to ICU and mortality
were examined.

2.4. Statistical analysis

Descriptive analysis (frequencies and percentages) of the underly-
ing conditions are presented. Associations between underlying con-
ditions and the three outcomes (hospitalisation, ICU admission,
mortality) were examined using logistic regression analysis. Both
unadjusted and adjusted analyses are presented as odds ratios (OR)
and 95% confidence intervals. A non-linear association between age
and each outcome was initially examined using a generalised addi-
tive model including a linear and spline term for age (with 4 degrees
of freedom). The analysis of deviance gives a X? test from comparing
the full model and the model with the non-linear term dropped.
Where a significant non-linear age association was found for the out-
come of interest, age was included as a linear and polynomial (qua-
dratic and/or cubic) term in the logistic regression model. Adjusted
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Research in context
Evidence before this study

Prior studies have suggested that specific underlying condi-
tions influence adverse health outcomes among those with a con-
firmed diagnosis of COVID-19.

Added value of this study

This study provides a population based, nationally representa-
tive perspective that captures COVID-19 confirmed cases across
all settings in Ireland and shows that patterns of association
between COVID-19 and health outcomes are consistent with other
international populations.

Implications of all the available evidence

These findings will help inform public health strategies in the
management of future public health interventions against COVID-
19. This study will help inform the identification of COVID-19
cases that are at highest risk of adverse health outcomes. These
findings will also help inform prevention strategies for any poten-
tial future resurgence in COVID-19 infections. Further, findings
from this study will help identify those who will benefit most
from preventive intervention and will inform vaccination deci-
sion-making processes at the population level.

logistic regression analysis included all factors identified, age (5-year
bands; as linear or higher polynomial), sex, underlying conditions,
CHO or area of residence and route of transmission. Where age was
modelled as a polynomial the ORs (95%CI) were not included in the
tables of results. The overall test of association was examined using
the Wald test. Tests of interactions were performed for effect modifi-
cation between sex, underlying conditions and age (5-year bands).

To address the potential selection bias associated with complete
case only analysis, we conducted a sensitivity analysis using inverse
probability weighting (IPW) for missing data [15]. [PW assigns more
weight to those cases who are more likely to have missing underlying
conditions in the dataset but where data on underlying conditions is
actually available. The weights are derived from a logistic regression
model predicting the likelihood of missing (vs non-missing) of under-
lying condition, using age (5-year bands), sex, residential care setting
and CHO. Trimmed weighting was used by replacing observations
with the most extreme weights (1% of all observations) at the lower
and upper end of the distribution by the values at 1% and 99% respec-
tively. A naive variance estimator for calculating 95% confidence
intervals was used.

Further, in additional sensitivity analyses, logistic regression was
performed replacing the individual underlying conditions with the
number of comorbidities (multimorbidity) classified as 0, 1, 2, 3 or
>4 comorbidities (not including hypertension) for all outcomes
included in the main analyses.

Significance at p<0.05 was assumed. The analyses were con-
ducted using SAS (v9.4, SAS Institute Inc, Cary, USA).

2.5. Role of the funding source

The funding bodies did not have any role in study design, data col-
lection, data analysis, interpretation and writing of this report.

3. Results
3.1. Analytical population

Initially n=26,106 COVID-19 cases confirmed between 2"¢ March
and 31° July 2020 were identified for inclusion. Confirmed cases
were excluded from this analysis where ‘any underlying condition’
(yes, no, unknown, or missing) was either unknown or missing.
Therefore, analyses were restricted to confirmed cases with complete
data on underlying conditions. This resulted in a subset of 19,789
(75.8%) confirmed COVID-19 cases included. A higher proportion of
women and younger aged cases had missing data on the ESF. Further,
regional variation in the proportion of missing data was observed
and where data was collected outside residential care settings.

Of the subset with complete data, 14.2% (n=2,811) were hospital-
ised, 2.2% (n=438) were admitted to ICU, and 7.5% (n=1,476) had
died. Among those who had been admitted to ICU, 20.5% (n=90) had
died.

3.2. Associations between underlying conditions and mortality among
all COVID-19 confirmed cases within the study subset

An overview of associations between the underlying conditions
examined in this study and mortality with COVID-19 are shown in
Table 1. Men compared to women (OR: 1.66, 95%CI: 1.43, 1.92) were
at significantly increased risk of mortality. There was a significant
non-linear association between age and mortality (X?=150.94,
p<0.001). Compared to those who did not have the underlying condi-
tion, there was a statistically significant increased risk of mortality in
those with underlying chronic heart disease (OR: 1.28, 95%CI: 1.09,
1.50), chronic neurological condition (OR:1.41, 95%Cl: 1.17, 1.69),
chronic kidney disease (OR: 1.74, 95%Cl: 1.35, 2.24), a BMI >40kg/m?
(OR:2.89, 95%CI: 1.80, 4.64), a cancer diagnosis (OR: 2.77, 95%CI: 2.21,
3.47), or a comorbidity not listed within the ESF (OR: 2.24; 95%:1.91,
2.63). No significant associations were observed for those with
chronic respiratory disease, chronic liver disease, asthma (requiring
medication), an immunodeficiency disorder, or diabetes and risk of
mortality (Table 1). A test for interaction found significant interac-
tions with 5-year age and the following: chronic neurological disease
(p<0.001), chronic respiratory disease (p=0.006), chronic kidney dis-
ease (p=0.002), chronic liver disease (p=0.01), immunodeficiency
(p<0.001), diabetes (p<0.001), BMI >40kg/m? (p<0.001) and cancer
(p<0.001).

3.3. Associations between underlying conditions and hospitalisation
from COVID-19 among all confirmed cases within the study subset

Patterns of association between underlying conditions and risk of
hospitalisation are shown in Table 2. There was a significant non-lin-
ear association between age and hospitalisation (X?=452.67,
p<0.001). All conditions, except chronic neurological disease and
having a comorbidity not captured by the ESF were significantly asso-
ciated with increased risk of hospitalisation (Table 2). Significant
interactions were found between age and the following variables:
chronic heart disease (p=0.01), chronic neurological disease
(p<0.001), chronic kidney disease (p<0.001), diabetes (p<0.01), BMI
>40kg/m? (p=0.015), cancer (p<0.001) and other comorbidity
(p<0.001).

3.4. Associations between underlying conditions and ICU admission
among those who were hospitalised from COVID-19 within the study
subset

Table 3 shows the associations between the underlying conditions
and ICU admission among confirmed cases of COVID-19 who were
hospitalised (n=2,811). There was a significant non-linear association
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Table 1

Associations between specific underlying conditions and mortality among all COVID-19 confirmed cases within the study subset (n=19,789) *.

Risk factor Alive (n=18313) Died (n=1476)  Unadjusted OR (95% CI)  Adjusted OR for age! (95% CI)  Adjusted OR? (95% CI)

Gender
Male 7882 754 (8.73%) 1.38(1.24,1.54) 1.56 (1.38, 1.77)*** 1.66 (1.43, 1.94)"**
Female (reference) 10431 722 (6.47%)

Chronic heart disease
Yes 2055 645 (23.89%) 6.14(5.49, 6.87) 1.63 (1.43, 1.85)"** 1.28(1.09, 1.50)**
No 16258 831 (4.86%)

Chronic neurological condition
Yes 713 511 (41.75%) 13.07 (11.47, 14.90) 2.64(2.28,3.07)** 1.41(1.17,1.69)**
No 17600 965 (5.20%)

Chronic respiratory disease
Yes 1824 259 (12.43%) 1.92(1.67,2.22) 1.20(1.02, 1.42)* 1.09 (0.89, 1.33)
No 16489 1217 (6.87%)

Chronic kidney disease
Yes 384 174 (31.18%) 6.24(5.17,7.53) 1.99 (1.60, 2.47)*** 1.74 (1.35, 2.24)***
No 17929 1302 (6.77%)

Chronic liver disease
Yes 134 28(17.28%) 2.63(1.74,3.96) 1.44(0.90, 2.31) 1.32(0.80, 2.19)
No 18179 1448 (7.38%)

Asthma (requiring medication)
Yes 438 29(6.21%) 0.82(0.56, 1.20) 0.82(0.53,1.26) 0.82(0.50, 1.35)
No 17875 1447 (7.49%)

Immunodeficiency incl. HIV
Yes 364 38(9.45%) 1.30(0.93,1.83) 1.25(0.85, 1.85) 0.87(0.56, 1.35)
No 17949 1438 (7.42%)

Diabetes
Yes 999 225(18.38%) 3.12(2.67,3.64) 1.40(1.17,1.67)** 1.08(0.87,1.33)
No 17314 1251 (6.74%)

BMI >40kg/m?
Yes 267 31(10.40%) 1.45(1.00, 2.11) 2.48(1.59,3.87)™ 2.89(1.80, 4.64)"**
No 18046 1445 (7.41%)

Cancer [ malignancy 2.77 (2.21,3.47)"**
Yes 514 233(31.19%) 6.49 (5.50, 7.66) 2.58(2.13,3.13)*
No 17799 1243 (6.53%)

Other comorbidity
Yes 3282 924 (21.97%) 7.67 (6.85, 8.58) 3.23(2.84,3.67)** 2.24(1.91,2.63)**
No 15031 552 (3.54%)

Comorbidity unknown® 0.27(0.21, 0.34)*** 0.40 (0.29, 0.55)***
Yes 1496 93 (5.85%) 0.76 (0.61,0.94)
No 16817 1383 (7.60%)

Residential care facility
Yes 785 813 (50.88%) 27.38 (24.16,31.03) 4.54(3.93,5.24)** 12.76 (10.31, 15.78)***
No 17528 663 (3.64%)

?Age is modeled as a polynomial in the model and therefore odds ratios are not directly interpretable

'Adjusted OR, adjusted for age (linear, quadratic, cubic)

2Adjusted OR, adjusted for age (linear, quadratic, cubic), chronic heart disease, chronic neurological disease, chronic respiratory disease, chronic kidney disease,
chronic liver disease, asthma (requiring meds), immunodeficiency, diabetes, BMI >40, cancer, other comorbidity, unknown comorbidity, community health office,

residential care facility and route of transmission.

SWhere an underlying clinical condition was indicated but none of the conditions listed (and pregnancy) were reported. Odds ratios (OR), 95% confidence intervals

(95%CI). P-value for overall association (Wald x?) *p<0.05; ** p<0.001; *** p<0.0001.

between age and ICU admission (X?><216.88, p<0.001). Compared to
those who did not have the condition, those with chronic heart dis-
ease, asthma (requiring medication), a BMI >40kg/m?, or a comorbid-
ity not listed on the ESF were significantly more likely, and those with
chronic neurological disease significantly less likely to be admitted to
ICU. There were significant interactions observed between age and
chronic neurological disease (p=0.02), diabetes (p=0.04) and BMI
>40kg/m? (p<0.001).

3.5. Associations between underlying conditions and mortality among
those who were hospitalised from COVID-19 within the study subset

Associations between the underlying conditions examined and
mortality among those who were hospitalised from COVID-19 are
shown in Table 4. The non-linear association between age and mor-
tality in hospitalised cases was non-significant (X?<5.26, p=0.15) and
a linear age term was used. Compared to those who were hospital-
ised and did not have the underlying condition, a significantly higher
mortality risk was observed for those with a chronic neurological

condition, chronic kidney disease, a BMI >40kg/m?, a cancer diagno-
sis, or a comorbidity not listed on the ESF (Table 4). Those who were
hospitalised and had asthma (requiring medication) had a lower risk
of mortality compared to those without this underlying condition
(Table 4). Significant interactions between age and BMI >40kg/m?
(p<0.001) and between age and cancer (p<0.001) were found.

3.6. Validity and sensitivity analysis

The findings from the sensitivity analysis using the trimmed IPW
were generally consistent with the results presented for analysis on
all included cases (Supplementary Table 1). In most cases, the magni-
tude and significance of associations were similar between the IPW
and main analysis presented, with some results strengthened in the
IPW sensitivity analysis.

In addition, compared to those with no underlying conditions,
increasing multimorbidity was associated with a significant linear
increased risk of all outcomes examined (Supplementary Table 2A;
with IPW Supplementary Table 2B).
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Table 2
Associations between underlying conditions and hospitalisation from COVID-19 among all confirmed cases within the study subset (n=19,789)".

Risk factor No hospitalisation (n=16978)  Hospitalised (n=2811)  Unadjusted OR (95% CI)  Adjusted OR for age! (95% CI)  Adjusted OR? (95% CI)

Gender
Male 7020 1616 (18.71%) 1.92(1.77,2.08) 1.86(1.71,2.03)*** 1.78 (1.62, 1.95)***
Female (reference) 9958 1195(10.71%)

Chronic heart disease
Yes 1709 991 (36.70%) 4.87 (4.44,5.33) 2.30(2.08, 2.44)"* 1.66 (1.48, 1.86)"**
No 15269 1820 (10.65%)

Chronic neurological condition
Yes 866 358 (29.25%) 2.72(2.38,3.09) 1.01(0.88,1.17) 1.03(0.88, 1.22)
No 16112 2453 (13.21%)

Chronic respiratory disease
Yes 1525 558 (26.79%) 2.51(2.26,2.79) 1.89(1.68, 2.12)*** 1.34(1.18, 1.53)***
No 15453 2253 (12.72%)

Chronic kidney disease
Yes 281 277 (49.64%) 6.50 (5.47,7.71) 3.40 (2.83, 4.08)"** 2.24(1.83,2.75)**
No 16697 2534 (13.18%)

Chronic liver disease
Yes 94 68 (41.98%) 445 (3.25,6.10) 2.77 (1.98,3.89)"** 1.57(1.08, 2.30)*
No 16884 2743 (13.98%)

Asthma (requiring medication)
Yes 309 158 (33.83%) 3.21(2.64,3.91) 3.83(3.08,4.76)"** 2.83(2.23,3.59)*
No 16669 2653 (13.73%)

Immunodeficiency incl. HIV
Yes 289 113 (28.11%) 2.42(1.94,3.02) 2.04(1.61,2.59)"** 1.37(1.05, 1.79)*
No 16689 2698 (13.92%)

Diabetes
Yes 766 458 (37.42%) 4.12 (3.64, 4.66) 2.27(1.99, 2.59)"** 1.60(1.38, 1.85)"**
No 16212 2353 (12.67%)

BMI >40kg/m?
Yes 164 134 (44.97%) 5.14 (4.07,6.48) 5.82(4.50,7.51)*** 4.29(3.27,5.65)"**
No 16814 2677 (13.73%)

Cancer [ malignancy
Yes 396 351 (46.99%) 5.98 (5.14,6.94) 2.88(2.46,3.38)"** 2.39(2.00, 2.84)"*
No 16582 2460 (12.92%)

Other comorbidity
Yes 3102 1104 (26.25%) 2.89(2.66,3.15) 1.67(1.52,1.83)"** 1.56 (1.41, 1.74)***
No 13876 1707 (10.95%)

Comorbidity unknown®
Yes 1430 159 (10.01%) 0.65 (0.55,0.77) 0.44(0.37,0.52)"** 1.14(0.94, 1.38)
No 15548 2652 (14.57%)

Residential care facility
Yes 1365 233 (14.58%) 1.03 (0.90, 1.20) 0.25(0.21, 0.29)*** 0.28(0.23, 0.34)"**
No 15613 2578 (14.17%)

2Age is modeled as a polynomial in the model and therefore odds ratios are not directly interpretable

'Adjusted OR, adjusted for age (linear, quadratic, cubic)

2Adjusted OR, adjusted for age (linear, quadratic, cubic), chronic heart disease, chronic neurological disease, chronic respiratory disease, chronic kidney disease, chronic liver dis-
ease, asthma (requiring meds), immunodeficiency, diabetes, BMI >40, cancer, other comorbidity, unknown comorbidity, community health office, residential care facility and

route of transmission.

SWhere an underlying clinical condition was indicated but none of the conditions listed (and pregnancy) were reported. Odds ratios (OR), 95% confidence intervals (95%CI). P-value

for overall association (Wald x?) *p<0.05; ** p<0.001; *** p<0.0001.

4. Discussion

This descriptive surveillance and nationally representative study
for Ireland suggests that the presence of certain underlying condi-
tions (specifically chronic heart disease and a BMI >40 kg/m?) were
associated with increased risk of mortality and hospitalisation among
all confirmed COVID-19 cases and also with increased risk of ICU
admission and mortality amongst COVID-19 confirmed cases who
are hospitalised. Additionally, this study found that most of the
chronic conditions captured in the ESF were significantly associated
with increased risk of hospitalisation. Further, among those who
were hospitalised, chronic heart disease, asthma (requiring medica-
tion) and BMI >40 kg/m? were associated with increased risk of ICU
admission. Chronic neurological conditions, chronic kidney disease,
BMI >40 kg/m? and cancer were all significantly associated with
increased risk of death. These findings reflect international evidence,
[16] and shows confirmatory and consistent findings at a country
level that the presence of underlying conditions is associated with
worse COVID-19 infection outcomes [16].

Our findings of elevated risk of death and hospitalisation among
men in Ireland is consistent with international evidence of gender
imbalance among outcomes of COVID-19 infected cases. Among our
study population, 44% were men, which is lower than observed in a
recent meta-analysis of 57 studies that found the prevalence of
COVID-19 to be 55% among men [17]. As shown in a systematic
review of sixteen studies, including studies from China, United States,
Italy, UK and Spain, men had increased disease severity including
hospitalisation and ICU admission compared to women [18].
Although it is not fully understood why men are more susceptible to
a severe disease trajectory many factors have been proposed that
may underlie these differences including immunological differences,
elevated expression of certain factors including angiotensin-convert-
ing enzyme 2, differences in hormones (e.g., oestrogen) and also
social and behavioural differences [19,20]. It is likely, however, that
these differences are multifactorial and complex [19,21].

As highlighted by the European Centre for Disease Prevention and
Control (ECDC), within their COVID-19 surveillance report, the top
three underlying conditions among fatal COVID-19 cases are cardiac
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Table 3

Associations between underlying conditions and ICU admission among those who were hospitalised from COVID-19 within the study subset (n=2,811)%

Risk factor No ICU admission but ICU admission Unadjusted Adjusted OR for Adjusted OR? (95% CI)
hospitalised (n=2373) (n=438) OR (95% CI) age' (95% CI)

Gender
Male 1314 302(18.69%) 1.79(1.44,2.23)  1.61(1.28,2.02)** 1.53(1.19,1.97)**
Female (reference) 1059 136 (11.38%)

Chronic Heart Disease
Yes 775 216(21.80%) 2.01(1.63,2.47)  2.90(2.29,3.68)**  2.48(1.90, 3.24)"**
No 1598 222 (12.20%)

Chronic Neurological condition
Yes 338 20 (5.59%) 0.29(0.18,0.46)  0.38(0.24,0.62)** 0.35(0.21, 0.60)**
No 2035 418 (17.04%)

Chronic respiratory disease
Yes 451 107 (19.18%) 1.38(1.08,1.75)  1.47(1.14,1.90)* 0.99(0.73,1.34)
No 1922 331(14.69%)

Chronic Kidney Disease
Yes 237 40 (14.44%)  0.91(0.64,1.29)  1.10(0.76, 1.60) 1.00 (0.66, 1.52)
No 2136 398 (15.71%)

Chronic Liver Disease
Yes 54 14 (20.59%) 1.42(0.78,2.58)  1.10(0.59,2.04) 0.86(0.43,1.72)
No 2319 424 (15.46%)

Asthma (requiring medication)
Yes 108 50(31.65%) 2.70(1.90,3.84)  2.63(1.80,3.84)** 2.31(1.47,3.63)**
No 2265 388 (14.62%)

Immunodeficiency incl. HIV
Yes 87 26 (23.01%) 1.66(1.06,2.60)  1.38(0.86, 2.20) 1.46 (0.88,2.43)
No 2286 412 (15.27%)

Diabetes
Yes 347 111(24.24%) 1.98(1.55,2.53)  1.94(1.50,2.52)"* 1.27(0.93,1.72)
No 2026 327 (13.90%)

BMI >40kg/m?
Yes 52 82(61.19%) 10.28(7.14,14.81) 7.91(5.39,11.59)*** 7.53 (4.94, 11.48)***
No 2321 356 (13.30%)

Cancer [ malignancy
Yes 301 50(14.25%)  0.89(0.65,1.22)  0.91(0.65,1.27) 0.90(0.62, 1.30)
No 2072 388 (15.77%)

Other comorbidity
Yes 894 210(19.01%) 1.52(1.24,1,87)  1.81(1.45,2.25)** 1.75(1.37,2.24)""*
No 1479 228 (13.36%)

Comorbidity unknown®
Yes 155 4(2.52%) 0.13(0.05,0.36)  0.17(0.06,0.46)**  0.38(0.13, 1.06)
No 2218 434 (16.37%)

Residential care facility
Yes 224 9 (3.86%) 0.20(0.10,0.40)  0.35(0.17,0.69)* 0.58(0.27,1.28)
No 2149 429 (16.64%)

?Age is modeled as a polynomial in the model and therefore odds ratios are not directly interpretable

TAdjusted OR, adjusted for age (linear, quadratic, cubic)

2Adjusted OR, adjusted for age (linear, quadratic, cubic), chronic heart disease, chronic neurological disease, chronic respiratory disease, chronic kidney
disease, chronic liver disease, asthma (requiring meds), immunodeficiency, diabetes, BMI >40, cancer, other comorbidity, unknown comorbidity, commu-

nity health office, residential care facility and route of transmission.

$Where an underlying clinical condition was indicated but none of the conditions listed (and pregnancy) were reported. Odds ratios (OR), 95% confidence
intervals (95%Cl). P-value for overall association (Wald x?) *p<0.05; ** p<0.001; *** p<0.0001.

disorder, diabetes, and cancer /| malignancy [16]. Among our study
population, we also observed a strong association for mortality
among those with a cancer diagnosis. Of note, 4.9% of fatal cases had
a pre-existing kidney-related condition (renal disease), for which we
also observed an association for higher risk of mortality overall and
among those hospitalised.

This study examined many underlying conditions. Across all of the
outcomes examined, a BMI >40 kg/m? was associated with higher
risk of death, hospitalisation, and ICU admission. Throughout the
pandemic, the pre-existing worldwide epidemic of obesity has been
recognised as a significant and important risk factor for COVID-19
infection and for worse outcomes [22,23]. Our findings also support
prior studies of an association between obesity and higher risk of
poorer prognostic outcomes [23,24]. Of note, most prior studies
included in a recent systematic review and meta-analysis classified
obesity as those with a BMI > 30 kg/m? [23]. The present study
focused on the morbidly obese group with a BMI > 40 kg/m?, which
accounted for 1.5% of the study population. Similar associations for
morbid obesity were observed within a Spanish population based

cohort study, particularly among younger age groups (<50 years),
where a similar magnitude for disease severity was found to that of
aging [25].

Strengths of this study include the population representative sam-
ple from Ireland, the inclusion of only laboratory confirmed cases, the
relatively large sample size, and the large number of underlying con-
ditions for which information was collected. This descriptive study
presents findings consistent with prior reports and is the first to
examine these associations in an Irish setting. A strength of this study
is that the analysis is based on data from the national surveillance
system in Ireland. Therefore, the results represent findings generalis-
able to the total population, including community and hospital
cohorts, unlike many prior studies that have focused on individual
hospital settings or have shown these associations at a local level
[5-8]. Further, this study offers the opportunity for findings relating
to mortality information that can be compared with other European
regions e.g. settings that were/were not overwhelmed by COVID-19.
Limitations include the lack of some information in relation to
unknown or missing underlying conditions and the absence of
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Table 4
Associations between underlying conditions and mortality among those who were hospitalised from COVID-19 within the study subset
(n=2,811).
Risk factor Hospitalised and ~ Hospitalised and ~ Unadjusted OR Adjusted OR Adjusted OR?
alive (n=2119) died (n=692) (95% CI) for age! (95% CI) (95% CI)
Gender
Male 1195 421 (26.05%) 1.20(1.01,1.43)  1.34(1.11,1.65)* 1.38(1.12,1.71)*
Female (reference) 924 271(21.68%)
Chronic heart disease
Yes 649 342 (34.51%) 2.21(1.86,2.64) 1.30(1.07,1.58)* 1.23(0.99, 1.54)
No 1470 350(19.23%)
Chronic neurological condition
Yes 198 160 (44.69%) 2.92(232,3.67) 1.75(1.37,2.24)**  1.37(1.04,1.81)*
No 1921 532 (21.69%)
Chronic respiratory disease
Yes 391 167 (29.93%) 141(1.14,1.73)  1.16(0.92,1.45) 1.19(0.92,1.53)
No 1728 525 (23.30%)
Chronic kidney disease
Yes 157 120 (43.32%) 2.62(2.03,338) 1.91(1.45,2.53)**  1.75(1.29,2.38)"*
No 1962 572 (22.57%)
Chronic liver disease
Yes 47 21(30.88%) 1.38(0.82,2.33)  1.50(0.86,2.63) 1.30(0.72,2.34)
No 2072 671 (24.46%)
Asthma (requiring medication)
Yes 138 20 (12.66%) 0.43(0.27,0.69)  0.52(0.31,0.87)* 0.49(0.28,0.85)*
No 1981 672 (25.33%)
Immunodeficiency incl. HIV
Yes 85 28 (24.78%) 1.01(0.65,1.56)  1.24(0.77, 2.00) 0.91(0.54, 1.55)
No 2034 664 (24.61%)
Diabetes
Yes 333 125 (27.29%) 1.18(0.94,1.48) 1.00(0.78,1.27) 0.84(0.64, 1.10)
No 1786 567 (24.10%)
BMI >40kg/m?
Yes 104 30(22.39%) 0.88(0.58,1.33)  1.81(1.14,2.86)" 2.19(1.34,3.56)*
No 2015 662(24.73%)
Cancer / malignancy
Yes 203 148 (42.17%) 2.57(2.04,3.24)  2.11(1.63,2.71)**  2.15(1.63, 2.83)***
No 1916 544 (22.11%)
Other comorbidity
Yes 699 405 (36.68%) 2.87(2.40,3.42)  2.30(1.90,2.79)**  2.05(1.65, 2.55)**
No 1420 287 (16.81%)
Comorbidity unknown®
Yes 120 39(24.53%) 1.00(0.69,1.44)  0.62(0.41,0.92)* 0.96 (0.59, 1.58)
No 1999 653 (24.62%)
Residential care facility
Yes 83 150 (62.38%) 6.79(5.11,9.02)  3.80(2.79,5.17)**  5.02(3.46,7.30)"**
No 2036 542 (21.02%)

a

Adjusted OR, adjusted for age (linear)

2Adjusted OR, adjusted for age (linear), chronic heart disease, chronic neurological disease, chronic respiratory disease, chronic kidney disease,
chronic liver disease, asthma (requiring meds), immunodeficiency, diabetes, BMI >40, cancer, other comorbidity, unknown comorbidity, commu-

nity health office, residential care facility and route of transmission.

SWhere an underlying clinical condition was indicated but none of the conditions listed (and pregnancy) were reported. Odds ratios (OR), 95%
confidence intervals (95%CI). P-value for overall association (Wald x?) *p<0.05; ** p<0.001; *** p<0.0001.

information gathered on severity of the underlying conditions. These
data aim to capture risks associated with mortality and hospitalisa-
tion since the beginning of the pandemic. However, as the pandemic
evolved and knowledge about COVID-19 and coronavirus increased,
both testing criteria and case definitions changed in Ireland. This is
reflected in changes within the ESF, which occurred during the study
period. Therefore, it is likely that variation in age groups and symp-
tom severity groups were targeted by testing guidelines at different
time points over the study period. However, more cases from a spe-
cific risk group (e.g., those in residential facilities) may have been
detected during certain time points within the study. Additionally,
while the ESF aimed to capture detailed information on characteris-
tics of those with a confirmed diagnosis of COVID-19, the forms were
not always completed in full, resulting in missing data for underlying
conditions for almost a quarter of all confirmed cases which likely
resulted in potential bias in the reported results. However, in sensi-
tivity analysis examining the impact of missing data, the overall

findings and conclusions were broadly similar. An additional limita-
tion of the current study was that no clinical data such as oxygen sat-
uration, urea level, and C-reactive protein was captured or reported;
data which has been important in the development of a COVID-19
mortality risk score [26]. Further, there are likely to be a number of
other characteristics that were not captured in the ESF and, therefore,
could not be accounted for in the analysis, which may have resulted
in residual bias. While these limitations must be acknowledged, it is
important to highlight that this study was not designed to estimate
causal effects. Further, some of the associations with less common
underlying conditions may have been underpowered in our study. In
addition, this analysis is based on data provided by the HPSC at time
of release. It is possible however, that there is the potential for mis-
classification of some information, given ongoing system updates to
data ascertainment that occurred during the course of the pandemic.
However, any misclassification, is expected to be minimal. A further
limitation relates to differential follow-up and although follow-up
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continued for at least 6 weeks after the last confirmed case in the
study, the differential follow-up of some cases, may have introduced
bias into the analysis.

While knowledge on COVID-19 continues to expand, conducting
descriptive and surveillance epidemiological studies among those
who have tested positive for COVID-19, particularly from a national
population setting, will continue to provide insights into the patho-
genesis of the disease. Findings may inform the development of tools
to predict those at highest risk of mortality, hospitalisation, and ICU
admission [26]. There are ongoing efforts examining clinical data to
develop predictive tools associated with prognosis [27]. Currently,
while vaccines are being administered or are under development or
review by regulators, all efforts must be made to identify the most
vulnerable to infection and better identify those at highest risk of
adverse outcomes, particularly among the wider general population.
As much of the world is now experiencing subsequent resurgences in
COVID-19 incidence, it is recognised that the patterns of current
waves may not reflect the first wave. For example, in relation to the
demographics of those infected, higher incidence has been observed
among younger age groups than was experienced previously [28].
Future studies examining risk factors associated with disease severity
in confirmed cases and within the resurgent time-frame will be
needed to further characterise the coronavirus disease within the
population setting.

In conclusion, in a nationally representative sample of COVID-
19 confirmed cases from Ireland, this study identified patient
level underlying conditions associated with disease severity
including mortality, hospitalisation, and ICU admission. Applica-
tion of this knowledge is required in a clinical setting to identify
those at elevated risk who would benefit from preventive inter-
vention opportunities, including in vaccination programmes.
Understanding factors associated with adverse outcomes will
help to improve the recognition of those at high-risk of mortality,
hospital and ICU admission following infection. Further, addi-
tional understanding of those who experience the most severe
prognosis may inform the development of clinical strategies to
prevent further adverse events and inform opportunities to reduce
the burden of coronavirus disease, should future resurgences in
infections occur.
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