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Abstract

Background: There is a need for more observational studies across different clinical settings to better understand
the epidemiology of the novel COVID-19 infection. Evidence on clinical characteristics of COVID-19 infection is
scarce in secondary care settings in Western populations.

Methods: We describe the clinical characteristics of all consecutive COVID-19 positive patients (n =215) admitted to
the acute medical unit at Fairfield General Hospital (secondary care setting) between 23 March 2020 and 30 April
2020 based on the outcome at discharge (group 1: alive or group 2: deceased). We investigated the risk factors that
were associated with mortality using binary logistic regression analysis. Kaplan-Meir (KM) curves were generated by
following the outcome in all patients until 12 May 2020.

Results: The median age of our cohort was 74 years with a predominance of Caucasians (87.4%) and males (62%).
Of the 215 patients, 86 (40%) died. A higher proportion of patients who died were frail (group 2: 63 vs group 1:
37%, p < 0.001), with a higher prevalence of cardiovascular disease (group 2: 58 vs group 1: 33%, p < 0.001) and
respiratory diseases (group 2: 38 vs group 1: 25%, p = 0.03). In the multivariate logistic regression models, older age
(odds ratio (OR) 1.03; p=0.03), frailty (OR 5.1; p < 0.001) and lower estimated glomerular filtration rate (eGFR) on
admission (OR 0.98; p =0.01) were significant predictors of inpatient mortality. KM curves showed a significantly
shorter survival time in the frail older patients.

Conclusion: Older age and frailty are chief risk factors associated with mortality in COVID-19 patients hospitalised
to an acute medical unit at secondary care level. A holistic approach by incorporating these factors is warranted in
the management of patients with COVID-19 infection.
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Background

The COVID-19 pandemic is caused by the novel corona-
virus (SARS- CoV-2) [1]. To date, more than 16 million
cases of COVID-19 infection have been reported world-
wide with the death toll currently standing above 650,
000 at the time of review (July 2020). The number of
positive cases and deaths are reported to be higher in
the United States, Europe and Brazil compared to other
regions of the world, although this has depended on the
testing and reporting strategies of individual countries
[2]. Understanding the epidemiology and identifying the
clinical characteristics that are associated with poor out-
comes can help to risk stratify patients and tailor appro-
priate management strategies in the approach to this
pandemic. Several observational studies reported from
China where the outbreak was initially reported, have
helped to increase the understanding of the nature of
this novel viral infection [3]. A few studies are now
appearing which examine the European populations, all
showing older age and a higher comorbidity burden as
risk factors for mortality in COVID-19 positive patients
[4—6]. Characteristics and outcome data on patients ad-
mitted to intensive care units in the United Kingdom
(UK) are widely available through the Intensive Care Na-
tional Audit and Research Centre (ICNARC) [7], while
data from frontline acute medical units particularly at a
secondary care setting is scarce. More studies are war-
ranted in UK secondary care settings and in predomin-
ant Caucasian populations, which this study aims to
address.

Objectives

This study aims to describe and investigate the associ-
ation of clinical characteristics, demographic, physical,
laboratory and radiological features with outcome in pa-
tients with COVID-19 infection admitted to an acute
medical unit.

Methods

Patient selection

This single-centre observational study was conducted on
all consecutive COVID-19 positive patients admitted to
the 40-bed acute medical unit (AMU) at Fairfield Gen-
eral Hospital, Bury, UK between 23 March 2020 and 30
April 2020. The chosen time period includes the peak
incidence of reported COVID deaths in the UK (15th
March to 30th April) [8]. Fairfield General Hospital is a
district general hospital (secondary care centre) that is
part of the Northern Care Alliance (NCA) [9]. The NCA
is a group of hospitals that are situated in the North-
West region of the UK, serving a population of approxi-
mately 820,000. All adult patients suspected to have
symptoms and/or signs suggestive of COVID-19 and
who required hospital admission had a throat swab or
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nose and throat swab for coronavirus identification by
real-time reverse transcription polymerase chain reac-
tion (rRT-PCR) prior to admission onto the AMU
(COVID-19 cohort ward). All patients had routine blood
tests and a chest X-ray at time of admission. Standard
management in all patients with suspicion of bacterial
chest infection included antibiotic therapy based on hos-
pital guidelines and CURB-65 (confusion, urea, respira-
tory rate, blood pressure and age > 65 years) score [10]
for severity of community acquired pneumonia if pneu-
monic changes were present on chest x-ray, plus oxygen
treatment if needed. Patients with increasing oxygen re-
quirements were assessed by a COVID team of medical
specialists and appropriate management decisions were
made in collaboration with an intensive care consultant
regarding plans for escalation of care (mechanical venti-
lation, either non-invasive or invasive). Patients needing
intubation and ventilation were either transferred to an
intensive care unit at a tertiary care centre in the region,
or level 3 care was undertaken on site.

Data collection

A total of 583 patients were admitted over the speci-
fied time period of which 60 were readmissions,
resulting in 523 unique patient admissions. Data was
collected from 215 of the 523 patients who had a
positive COVID-19 rRT-PCR test result (Fig. 1). Data
gathered from electronic patient records included
demographics, comorbidities, smoking history, body
mass index (BMI), frailty status, presenting complaint
at admission, use of renin- angiotensin system inhibi-
tor (RASi), blood parameters (full blood count, liver
function tests, C-reactive protein, D-Dimer, and esti-
mated glomerular filtration rate), radiology reports
(chest X-ray) and survival outcome of hospital admis-
sion. Demographic and comorbidity data collected
included age, gender, and ethnicity, history of hyper-
tension, diabetes mellitus, cardiovascular disease, re-
spiratory disease, chronic kidney disease, and cancer.
In our study a smoking history was defined as a his-
tory of current or previous smoking irrespective of
smoking pack years. RASi medications included
angiotensin converting enzyme inhibitors (e.g. rami-
pril) and angiotensin receptor blockers (e.g. losartan).
Cardiovascular disease was defined as a composite of
ischemic heart disease, myocardial infarction, congest-
ive cardiac failure and cerebrovascular accident. Re-
spiratory disease included a composite of bronchial
asthma, chronic obstructive pulmonary disease and
lung fibrosis. Frailty status was determined using the
clinical frailty scale (CFS) [11, 12]. Any patient with a
score of five and above on the CFS was defined as
being frail, which also included seven patients below
the age of 65 years based on clinician assessment.
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Statistical analysis

Patients were split into two groups based on the survival
outcome of hospital admission (group: 1 alive on dis-
charge and group 2: deceased) and analysed. Any patient
who was discharged on end-of-life care to a hospice or
nursing home was included in group 2 as all these pa-
tients died within a week of discharge (12 patients).

In the descriptive analysis of the data, continuous vari-
ables (age, body mass index and blood parameters) were
expressed as median (interquartile range) after checking
the normality of the distribution and the p-values were
derived using Mann-Whitney U test. The categorical
variables (gender, race (Caucasian or other), and comor-
bidities) were expressed as number (%), and p-values
were derived using the Chi-square test. A p-value < 0.05
(2-tailed) was considered statistically significant through-
out the analysis.

Univariate and multivariate binary logistic regression
models were used to study risk factors that are predic-
tors for mortality. The results from the models were
expressed as odds ratio (95% confidence interval) and a
p-Value for statistical significance. Three multivariate
(MV) models were developed by incorporating variables
that were statistically significant in the univariate model.
MV model-1 included clinical characteristics with the
complete dataset, MV model-2 included laboratory char-
acteristics and the MV model-3 included all the variables
that were significant in the univariate model. Survival

outcome for all patients was also followed up from the
date of admission until an arbitrary study end-point
date, 12 May 2020, which was used to generate the
Kaplan- Meier (KM) curves and Cox-regression models.
The proportional hazard assumption for the Cox- model
was examined and met by plotting the log-minus-log
survival curves and survival times against cumulative
survival. All analyses were carried out using SPSS Ver-
sion 23 licenced to the University of Manchester. The
study was registered the Northern Care Alliance Re-
search and Innovation department (ID: P20HIP20). As
this was an observational study with complete anonymi-
zation of patient details, the need for individual consent
was waived.

Results

In our cohort of COVID-19 positive patients 40% (86/
215) died. Our cohort had a predominance of Cauca-
sians (87.4%) and had a median age of 74 years. Patients
who died (group 2) were older (80 vs 67 years, p<
0.001), had a higher proportion of care home residents
(43 vs 18%, p<0.001), and were more frail (62.7 vs
37.3%, p < 0.001).

Figure 2 shows the influence of age and frailty upon
mortality. Only 17% of patients aged < 65 years died,
whereas mortality in the 65-75 years, 75—85 years and >
85 years groups was 37, 53 and 62% respectively. The
frailty scores indicated that only 16% of those with a
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Table 1 Clinical characteristics of COVID-19 positive patients at hospital admission

Characteristics Total Group-1 Group-2 Deceased P-Value (Alive vs Deceased)
215 Alive 86
129

Age 74 (60-82) 67 (57-79) 80 (73-86) <0.001
Gender, Male 133 (61.9) 82 (63.5) 51 (59.3) 053
Ethnicity, Caucasian 188 (87.4) 111 (86) 77 (89.5) 045
Care home resident 60 (27.9) 23 (17.8) 37 (43) <0.001
Frailty 110 (51.2) 41 (37.3) 69 (62.7) <0.001
Smoking 120 (55.8) 65 (50.4) 55 (63.9) 0.05
Weight 78 (67-92) 84.5 (71.6-100) 70 (63-84) <0.001
BMI, kg/m2 28 (24-32) 294 (26-34) 26 (23-29) <0.001
Hypertension 114 (53) 62 (48.1) 52 (60.5) 0.07
Diabetes mellitus 65 (30.2) 42 (325) 23 (26.7) 0.36
cvD 93 (43.3) 43 (333) 50 (58.1) <0.001
IHD and MI 53 (24.7) 28 (21.7) 25(29.1) 022
CCF 39 (18.1) 15(11.6) 24 (27.9) 0.002
CVA 30 (14) 11(85) 19 (22.1) 0.005
CKD (stage 3-5) 42 (19.5) 24 (18.6) 18 (20.9) 067
Cancer 19 (8.8) 13 (10.1) 6 (7) 043
Respiratory diseases 65 (30.2) 32 (24.8) 33 (384) 0.03
On RASI treatment 54 (25) 37 (28.7) 17 (19.8) 0.09
Immunosuppression 12 (5.6) 6 (4.6) 6 (7) 047
Trial participation 39 (18.1) 27 (20.9) 2 (139 0.19
Presenting complaint

Shortness of breath 172 (80) 100 (77.5) 72 (83.7) 027

Fever 98 (45.6) 66 (51.2) 32 (37.2) 0.08

Cough 122 (56.7) 92 (713) 30 (34.8) <0.001
Mechanical ventilation 24 (11.2) 12 (9.3) 2 (13.9) 0.20
Non-invasive ventilation 16 (7.5) 9 (7.0) 7 (54) 0.75
Intubation & Ventilation 8 (3.7) 3(35) 5(5.8) 0.19
Hospital inpatient (days) 5(2-10) 5(2-10) 5(3-9) 047

Continuous variables are expressed as median (interquartile range) and p-Value by Man-Whitney U test

Categorical variables are expressed as number (%) and p-Value by Chi-square test

Weight missing in 12/215, BMI missing in 15/215

BMI Body mass index, CVD Cardio vascular disease; includes at least one of the following- ischemic heart disease (IHD), myocardial infarction (MI), congestive
cardiac failure (CCF), cerebrovascular accident (CVA), CKD Chronic kidney disease, RASi Renin-angiotensin system inhibitors. Respiratory diseases include a
composite of asthma, chronic obstructive pulmonary disease and pulmonary fibrosis

score of <5 died, whereas mortality in those with frailty
scores of 5, 6, 7/8 combined and 9 were 42, 67, 62 and
100%, respectively.

Surviving patients (group 1) had a higher body mass
index (BMI) (29.4 vs 26 kg/m? p <0.001) but a smaller
proportion had cardiovascular disease compared to
group 2 (33.3 vs 58.1, p<0.001). Respiratory diseases
were also more prevalent amongst group 2 patients (38
vs 25%, p =0.03). In all patients shortness of breath was
the chief presenting complaint on hospital admission
(80%) followed by cough (57%) and fever (46%). Other
presenting features noted in a minority of patients

included gastro-intestinal symptoms (diarrhoea, vomit-
ing and abdominal pain), chest pain, confusion, lethargy
and feeling generally unwell. No difference was observed
in patients taking RASi or immunosuppressant medica-
tions between the two groups. Median duration of hos-
pital stay was 5days which was similar in both groups.
Of the total patients, 24 (11.2%) patients who received
mechanical ventilation the mortality rate was 50%; 7.5%
received non-invasive ventilation and 3.7% underwent
intubation and ventilation (Table 1).

On evaluation of the laboratory characteristics
(Table 2), patients in group 2 had a lower lymphocyte
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Characteristics Total Group-1 Group-2 p-Value (Alive vs Deceased)
215 Alive Deceased
129 86

Haemoglobin, g/L 133 (120-146) 134 (122-148) 129 (118-143) 0.08
Neutrophil count, x 10°/L 6 (4-9) 6 (4-8) 7 (4-9) 0.02
Lymphocyte count, X 107/L 09 (06-1.3) 09 (0.6-14) 0.8 (0.5-1.2) 0.03
New lymphopenia 85 (39.5) 49 (37.9) 36 (41.9) 0.57
Neutrophil: lymphocyte ratio 7 (4-13) 6 (4-11) 9 (5-18) 0.004
Platelet count, x10%/L 217 (161-270) 223 (162-270) 210 (155-265) 0.23
Albumin, g/L 30 (27-34) 31 (28-35) 29 (26-32) 0.01
Bilirubin, umol/L 12 (8-17) 12 (8-18) 11 (8-16) 0.86
Alanine transaminase, U/L 27 (18-45) 28 (18-48) 27 (19-39) 0.66
Alkaline phosphatase, U/L 81 (63-109) 79 (62-107) 85.5 (65-109) 035
C-reactive protein, mg/L 107 (56-177) 90 (41-164) 123 (72-189) 0.009
D-Dimer, ng/mL 610 (297-809) 559 (412-748) 775 (701-848) 0.04
eGFR, mL/min/1.73m? 67 (42-90) 77 (56-90) 485 (28-74) <0.001
Acute kidney injury (any stage) 65 (30.2) 25(194) 40 (46.5) <0.001
Chest X-Ray report

Suggestive of COVID-19 166 (79.8) 98 (77.8) 68 (82.9) 0.37

Bilateral infiltrates 117 (56.2) 67 (53.2) 50 (61) 0.27

Unilateral consolidation 48 (23.1) 31 (24) 17 (19.8) 046

Continuous variables are expressed as median (interquartile range) and p-Value by Man-Whitney U test. Categorical variables are expressed as number (%) and p-

Value by Chi-square test

Missing albumin, alanine transaminase, alkaline phosphatase, bilirubin in 32/215 patients. Missing c-reactive protein in 5/215 patients. D-Dimer available only from

15 patients. Missing chest X-ray report- 7 patients

eGFR Estimated glomerular filtration rate calculated by CKD-EPI equation, U/L Units/litre

count and consequently a higher neutrophil to lympho-
cyte ratio (9 vs 6, p =0.004). No significant difference in
the liver function tests was seen between the groups.
Group 2 patients had a lower albumin (median 29 vs 31
g/L, p =0.01), a higher C-reactive protein (CRP) (median
123 vs 90 mg/L, p =0.009) and d-dimer (775 vs 559 ng/
mL, p=0.04), although a d-dimer test result was not
routinely performed at our centre and was performed in
only 15 patients. Group 2 patients had a significantly
lower eGFR on admission (49 vs 77 mL/min/1.73m? p <
0.001) and a higher proportion had acute kidney injury
at presentation (47 vs 19%, p < 0.001). Chest-X ray fea-
tures did not significantly differ between the groups with
80% overall having changes suggestive of COVID-19 and
56% having bilateral infiltrates.

Table 3 illustrates the binary logistic regression
models. In the univariate binary logistic regression
model, several characteristics including older age, care
home residence, frailty, positive smoking history, lower
weight and BMI, comorbidities (cardiovascular & re-
spiratory), acute kidney injury on admission, a higher
neutrophil count, lower lymphocyte count, higher CRP
and lower eGFR were noted to be significant predictors
of mortality. In MV model-1 older age (OR:1.03; 95%CI:
1.01-1.06; p=0. 03) and frailty (OR:5.1; 95%CI: 2.3—

11.6; p < 0.001) were noted to be significant predictors of
mortality. Furthermore, in MV model-2 which included
all the significant biochemical variables, a lower eGFR
on admission (OR:0.98; 95%CI: 0.96—-0.99; p =0.01) was
observed as a significant predictor of mortality. Frailty
emerged as the only significant predictor for mortality in
the MV model-3 (OR:4.3; 95%CI: 1.7-10.8; p =0.002)
(Table 4).

During the follow-up time period until 12/05/2020,
two additional deaths were recorded. The KM curves de-
veloped from the follow-up data showed a significant
difference in outcomes in older aged and frail patients
(log-rank p < 0.001) (Fig. 3). The Cox- regression analysis
provided similar observations as the logistic regression
models, with older age (Hazard ratio (HR):1.03; 95%ClL:
1.01-1.05; p=0.01) and frailty (HR:3.45; 95%CI: 1.76—
6.79; p <0.001) as significant risk factors associated with
mortality (supplementary tables 1 & 2).

Discussion

This is an observational study of COVID-19 positive pa-
tients admitted to an acute medical unit in a district
general hospital (secondary care setting). The study de-
scribes the clinical characteristics of COVID-19 positive
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Table 3 Predictors of mortality in COVID-19 positive patients by binary logistic regression models (univariate and multivariate model

1&2)

Characteristics Univariate model P-Value Multivariate model 1 P-Value Multivariate model 2 P-Value
OR (95% CI) OR (95% CI) OR (95% CI)

Age 1.06 (1.03-1.09) <0.001 1.03 (1.01-1.06) 0.03

Gender, Male 0.83 (0.48-1.46) 053

Ethnicity, Caucasian 1.38 (0.59-3.20) 045

Care home resident 348 (1.57-647) <0.001 1.12 (0.52-2.40) 0.77

Frailty 871 (456-16.6) <0.001 5.1 (23-11.60) <0.001

Smoking 1.75 (0.99-3.05) 0.05 1.57 (0.81-3.01) 0.18

Weight 0.96 (0.95-0.98) <0.001

BMI 0.90 (0.86-0.95) <0.001

Hypertension 1.60 (0.95-2.87) 0.07

Diabetes mellitus 0.76 (0.41-1.38) 036

CvD 2.77 (158-4.88) <0.001 1.20 (0.61-2.40) 0.59

IHD/MI 147 (0.79-2.76) 0.22

CCF 294 (143-6.02) 0.003

CVA 3.04 (136-6.77) 0.006

CKD (stage 3-5) 1.15 (0.58-2.29) 0.67

Cancer 0.67 (0.24-1.83) 044

Respiratory diseases 1.88 (1.05-3.40) 0.035 1 (0.75-3.06) 0.24

On RASI treatment 061 (032-1.17) 0.14

Immunosuppression 1.50 (0.48-4.90) 047

Haemoglobin 0.99 (0.97-1.00) 0.16

Neutrophil count 1.08 (1.01-1.14) 0.02 0.95 (0.85-1.04) 0.28

Lymphocyte count 0.59 (0.36-0.98) 0.04 1.19 (0.66-2.10) 0.55

Neutrophil: lymphocyte ratio 1.05 (1.01-1.08) 0.002 1.05 (0.99-1.11) 0.06

Platelet count 0.99 (0.96-1.00) 031

Albumin 1.00 (0.98-1.02) 099

Bilirubin 1.01 (0.98-1.04) 044

Alanine transaminase 1.00 (0.99-1.00) 045

Alkaline phosphatase 1.01 (0.99-1.01) 0.27

C-reactive protein 1.01 (1.0-1.010) 0.010 1.0 (0.99-1.00) 0.26

eGFR 0.97 (0.96-0.98) <0.001 0.98 (0.96-0.99) 0.01

Acute kidney injury 3.60 (1.96-6.65) <0.001 1.78 (0.80-3.99) 0.16

Multivariate model 1: adjusted for age, care home resident, frailty, smoking, CVD, and respiratory diseases

Multivariate model 2: adjusted for neutrophil count, lymphocyte count, neutrophil: lymphocyte ratio, C-reactive protein, eGFR, and acute kidney injury

BMI Body mass index, CVD Cardio vascular disease; includes at least one of the following- ischemic heart disease (IHD), myocardial infarction (MI), congestive
cardiac failure (CCF), cerebrovascular accident (CVA), CKD Chronic kidney disease, RASi Renin-angiotensin system inhibitors. Respiratory diseases include a
composite of asthma, chronic obstructive pulmonary disease and pulmonary fibrosis. eGFR Estimated glomerular filtration rate calculated by CKD-EPI equation, OR

0Odds ratio, CI Confidence interval

patients at presentation and investigates the risk factors
associated with mortality following hospital admission.
The mortality rate (proportion of the total) of our co-
hort of hospitalised COVID-19 positive patients was
40%. The age standardised mortality rate for COVID-19
in the Manchester area was reported as 55% in a similar
time period by the Office of the National Statistics
(ONS) [13]. A higher mortality figure reported in the

ONS data is likely to be due to inclusion of deaths from
all the care homes in the region and the intensive care
units, which our study did not encompass. We observed
an increasing trend in mortality with advancing age
which was in line with the national statistics, possibly
due to increase in the comorbid burden and altered im-
mune response with advancing age [14, 15]. We did not
observe any significant difference in outcome associated
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Table 4 Predictors of mortality in COVID-19 positive patients by
binary logistic regression model (multivariate model 3)

Characteristics Multivariate model 3 P-Value
OR (95% CI)

Age 1.03 (0.99-.07) 0.10
Care home resident 0.69 (0.28-1.68) 042
Frailty 43 (1.71-10.76) 0.002
Smoking 1.64 (0.75-3.58) 0.21
BMI 0.96 (0.91-1.03) 0.29
CVD 1.68 (0.77-3.68) 0.19
Respiratory diseases 1.25 (0.57-2.78) 0.57
Neutrophil: lymphocyte ratio 1.02 (0.98-1.06) 0.25
C-reactive protein 1.01 (1-1.01) 0.07
eGFR 0.99 (0.97-1.01) 032
Acute kidney injury 1.6 (0.63-4.09) 031

Multivariate model 3: adjusted for age, care home resident, frailty, smoking,
BMI, CVD, respiratory diseases, neutrophil: ymphocyte ratio, C-reactive protein
(CRP), eGFR, and acute kidney injury. Model did not include 18 patients
without BMI and CRP values

BMI Body mass index, CVD Cardio vascular disease; includes at least one of the
following- ischemic heart disease (IHD), myocardial infarction (MI), congestive
cardiac failure (CCF), cerebrovascular accident (CVA), Respiratory diseases
include a composite of asthma, chronic obstructive pulmonary disease and
pulmonary fibrosis. eGFR Estimated glomerular filtration rate calculated by
CKD-EPI equation, OR Odds ratio, C/ Confidence interval

with variances in gender and ethnicity, but our studied
population was predominantly Caucasian (87.4%). It has
been reported that men are more at risk of death than
women in a small cohort of COVID-19 positive patients
in China involving 43 patients [16]. We found that
deaths were proportionately higher in care home resi-
dents, who are generally more frail than patients residing
in their own homes. More than 50% of our cohort were
frail and there was a higher percentage of frailty in the
deceased group (63 vs 37%, p <0.001). The National In-
stitute for Health and Care Excellence (NICE) published
a guideline on March 2020 to use the Clinical Frailty
Scale as available from the NHS Specialised Clinical
Frailty Network, for all adult hospital admissions to as-
sess frailty irrespective of COVID-19 status as a part of
holistic assessment [17]. The NHS Specialised Clinical
Frailty Network recommends that Clinical Frailty Scale
can be undertaken by any trained healthcare professional
(doctor, nurse, health care assistant, therapist etc.) by
asking the patient or their carer/next of kin/paramedics/
care home staff what their/the patient’s capability was 2
weeks prior to current admission [18]. In our real world
retrospective observational study, we have collected CFS
from electronic patient records as recorded by trained
clinical staff (doctors and nurses) on hospital admission.
In our cohort 53% had a history of hypertension, 30%
had diabetes, and 30 and 43% had at least one respira-
tory and cardiovascular disease, respectively. All these
comorbidities were noted to be risk factors associated
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with poor outcomes in patients with COVID-19 infec-
tion in a meta-analysis of six studies with a total of 1558
patients [19]. Although the presenting symptoms of
shortness of breath and fever were similar between the
groups, cough was less reported (35 vs 71%, p < 0.001) in
deceased patients, which supports the speculation that
lack of a cough reflex can promote worse infection in
elderly frail patients [19].

In the univariate logistic regression models several
clinical characteristics were observed to show significant
association with mortality. Older age showed a signifi-
cant association with mortality in our cohort (OR 1.06;
p<0.001). Old age as a risk factor for mortality has been
reported in a Chinese cohort with a median age of 67
years [20]. An association of smoking with poor out-
come (OR 1.75; P=0.05) has been variably reported in
other observational studies [21, 22]. The risk of death
within 15 days of hospital admission for COVID-19 in-
fection was found to be higher in elderly patients with a
history of smoking and underlying respiratory comorbid-
ities [23].

In our study, diabetes mellitus and hypertension were
not significant predictors of mortality. Both hypertension
and diabetes have been shown to be associated with in-
creased mortality in two separate meta-analyses [24, 25],
but the strength of the effect was weak with older age (>
55 years). The mean age of most of the studies included
in these meta-analyses was less than 60 years compared
to the median age of our cohort (74 years). Also, our
study showed that a lower BMI was a risk factor for
mortality (OR 0.90; p < 0.001), although the median BMI
of survivors was in the normal (not obese) range. The
association of obesity with severity of COVID-19 illness
has been demonstrated in an observational study in
China of 383 hospitalised patients, but the mean age of
this cohort was less than 50 years [26]. The influence of
older age and frailty on poorer nutrition and reduced
BMI could have influenced these observations in our
cohort.

A history of cardiovascular disease (OR 2.77; p < 0.001)
and respiratory disease (OR 1.88; p < 0.035) showed posi-
tive association with mortality in accordance with studies
reported in other regions [27, 28]. Several pathophysio-
logical mechanisms have been proposed that can link in-
creased mortality in COVID-19 infected patients with
cardiovascular and respiratory co-morbidities including
predisposition to acute respiratory distress syndrome and
myocardial injury, although the evidence is still evolving
[29]. Although there has been much debate regarding the
impact of RASi treatment on poor outcome in COVID-19
infected patients, in our cohort, in which 25% were receiv-
ing RASI treatment, a significant association was not ob-
served (OR 0.61; P=0.14) [30, 31]. Among the laboratory
variables a lower lymphocyte count (OR 0.59; p =0.04)
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and a higher neutrophil: lymphocyte ratio (OR 1.05; p =
0.002) were predictors of mortality which is similar to
findings in other observational studies [32]. Dysregulation
of the immune response resulting in reduced CD4+ helper
T lymphocytes has been observed in patients with
COVID-19 infection, more so in severe cases [33].

A lower eGFR on admission, and also acute kidney in-
jury, proved to be risk factors associated with mortality,
and low eGFR was independently associated in a multi-
variate model (OR 0.98; p=0.01), an observation re-
ported in a recent study on the influence of kidney
disease on mortality in patients with COVID-19 [34].

In addition to eGFR, the multivariate models showed
older age and frailty as a significant risk factors associ-
ated with mortality in COVID-19 positive patients. The
influence of frailty (frailty score of 5 or more) upon mor-
tality outweighed that of age in our cohort (MV model
3; OR 4.3; p=0.002 vs OR 1.03; p =0.10), possibly due
to the distribution of frailty which affected patients as
young as 65 years of age. Several studies have reported
age as a risk factor associated with mortality [35-37],
and our findings are also supported by the recently pub-
lished multicentre study in the United Kingdom showing
a positive association between frailty and mortality [38].

In our centre, the escalation of care to mechanical venti-
lation for deteriorating COVID-19 patients was largely de-
termined by the patient’s functional status using clinical
frailty score, and comorbid burden by a COVID team
(doctors at consultant and senior registrar level in chest or
general or intensive care medicine) in liaison with an in-
tensive care specialist at the tertiary care referral centre.
However, this approach was individualised on a case-by-
case basis taking into account the severity of the clinical
presentation. Both the patient and family members were
fully involved in the decision-making process wherever
possible.

This study could not include patients who were dir-
ectly transferred to the intensive care unit for mechan-
ical ventilation from the emergency department, thereby
missing the opportunity to capture the characteristics
and outcomes of patients who were critically sick at ini-
tial presentation. However, the epidemiology of this
group of patients is well presented in the ICNARC data.
The study is also limited by the single centre observa-
tional nature of the study methodology.

Conclusion

In conclusion, our study highlights that in addition to
comorbid burden, older age and frailty were the chief
risk factors that were associated with mortality in pa-
tients hospitalised in a secondary care acute medical
unit. Health care providers need to be increasingly aware
of the impact of age and frailty on survival and should
institute a holistic approach in the management of
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COVID-19 positive patients in liaison with the patient,
family members and specialists to achieve the most ap-
propriate care for patients with this novel infection.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512877-020-01803-5.

Additional file 1: Supplementary table 1. Association between risk
factors and mortality in COVID-19 positive patients by cox-regression
models (univariate and multivariate model 1&2). Supplementary table
2. Association between risk factors and mortality in COVID-19 positive pa-
tients by cox-regression model (multivariate model 3).

Abbreviations

AMU: Acute medical unit; BMI: Body mass index; CFS: Clinical frailty scale;
CRP: C-reactive protein; eGFR: Estimated glomerular filtration rate; HR: Hazard
ratio; ICNARC: Intensive Care National Audit and Research Centre;

KM: Kaplan-Meier; MV: Multivariate; NCA: Northern Care Alliance; OR: Odds
ratio; RASI: Renin-angiotensin system inhibitors; rRT-PCR: Real-time reverse
transcription polymerase chain reaction

Acknowledgements
We extend our acknowledgements to all the frontline staff involved in the
care and management of COVID-19 patients in our unit.

Authors’ contributions

RC drafted the article. RC, OO, PA, SM1, AA, SM2 were involved in data
compilation. RC performed the data analysis. RC, OO, PA, SM1, PK, NR, SP
were involved in the revision and providing intellectual content. All authors
approved the final version submitted.

Funding
No financial support.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was registered the Northern Care Alliance Research and
Innovation department (ID: P20HIP20) and permission was obtained to
collect data from the hospital records. As this was an observational study
with complete anonymization of patient details, the need for individual
consent was waived.

Consent for publication
Not applicable.

Competing interests
No competing interest to declare.

Author details

"Acute Medical Unit, Fairfield General Hospital, Bury BL9 7TD, UK.
ZDepar‘[mem of Renal Medicine, Salford Royal NHS Foundation Trust, Salford,
UK. ®Faculty of Biology, Medicine and Health, University of Manchester,
Manchester, UK.

Received: 16 June 2020 Accepted: 28 September 2020
Published online: 16 October 2020

References

1. Amawi H, Abu Deiab GAl, Aljabali AA, Dua K, Tambuwala MM. COVID-19
pandemic: an overview of epidemiology, pathogenesis, diagnostics and
potential vaccines and therapeutics. Ther Deliv. 2020;11(4):245-68.

2. COVID-19 situation update worldwide, as of 25 July 2020. Available from:
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases.
Cited 2020 Jul 25.


https://doi.org/10.1186/s12877-020-01803-5
https://doi.org/10.1186/s12877-020-01803-5
https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases

Chinnadurai et al. BMC Geriatrics

20.

22.

23.

24.

25.

26.

27.

(2020) 20:409

Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors of critical &
mortal COVID-19 cases: a systematic literature review and meta-analysis. J
Inf Secur. 2020,81(2):e16-25.

Di Lorenzo G, Di Trolio R. Coronavirus disease (COVID-19) in Italy: analysis of
risk factors and proposed remedial measures. Front Med. 2020;7:140.
Fumagalli S, Salani B, Gabbani L, Mossello E, Ungar A. Covid-19 cases in a
no-Covid-19 geriatric acute care setting. A sporadic occurrence? Eur J Intern
Med. 2020;77:141-2.

Tomlins J, Hamilton F, Gunning S, Sheehy C, Moran E, MacGowan A. Clinical
features of 95 sequential hospitalised patients with novel coronavirus 2019
disease (COVID-19), the first UK cohort. J Inf Secur. 2020,81(2):e59-61.
ICNARC. Report on COVID-19 in critical care. Intensive Care Natl Audit Res
Cent. 2020;(April):1-24. www.icnarc.org. Cited 2020 Aug 29.

NHS England. Statistics » COVID-19 Daily Deaths. Available from: https://
www.england.nhs.uk/statistics/statistical-work-areas/covid-19-daily-deaths.
Cited 2020 Aug 29.

Northern Care Alliance NHS Group. 2019. Available from: https://www.pat.
nhs.uk/about-us/northern-care-alliance.html. Cited 2020 Aug 29.

Nazik S, Koktirk N, Baha A, Ekim N. CURB 65 or CURB (S) 65 for community
acquired pneumonia? Eur Respir J. 2012,40(Suppl 56):P2494.

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell |,

et al. A global clinical measure of fitness and frailty in elderly people. CMAJ.
2005;173(5):489-95.

Hewitt J, Carter B, McCarthy K, Pearce L, Law J, Wilson FV, et al. Frailty
predicts mortality in all emergency surgical admissions regardless of age.
An observational study. Age Ageing. 2019;48(3):388-94.

Deaths registered weekly in England and Wales, provisional - Office for
National Statistics. Available from: https://www.ons.gov.uk. Cited 2020 May
21

England and Wales mortality during the COVID-19 outbreak - Update 21st
April - CEBM. Available from: https.//www.cebm.net/covid-19/england-and-
wales-mortality-during-the-covid-19-outbreak. Cited 2020 May 18.

Mueller AL, Mcnamara MS, Sinclair DA. Why does COVID-19
disproportionately affect older people? Vol. 12, Aging. Impact Journals LLC;
2020. p. 9959-9981.

Jin J-M, Bai P, He W, Wu F, Liu X-F, Han D-M, et al. Gender differences in

patients with COVID-19: focus on severity and mortality. Front Public Health.

2020;8:152.

NICE Guideline. COVID-19 rapid guideline: critical care in adults. Natl Inst
Heal Care Excell. 2020;(March):2020. [Cited 2020 Jul 30]. https://www.nice.
org.uk/guidance/ng159.

Clinical Frailty Scale — Specialised Clinical Frailty Network. 2018. Available
from: https//www.scfn.org.uk/clinical-frailty-scale. Cited 2020 Jul 30.
Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the risk of patients
with covid-19: evidence from meta-analysis. Aging (Albany NY). 2020;12(7):
6049-57.

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;395:1054-62.

Vardavas Cl, Nikitara K. COVID-19 and smoking: A systematic review of the
evidence. Tob Induc Dis. 2020;18(March):20.

Lippi G, Henry BM. Active smoking is not associated with severity of
coronavirus disease 2019 (COVID-19). Eur J Intern Med. 2020;75:107-8.
Wang K, Zhang Z, Yu M, et al. 15-day mortality and associated risk factors
for hospitalized patients with COVID-19 in Wuhan, China: an ambispective
observational cohort study. Intens Care Med. 2020;46:1472-4.

Huang |, Lim MA, Pranata R. Diabetes mellitus is associated with increased
mortality and severity of disease in COVID-19 pneumonia — a systematic
review, meta-analysis, and meta-regression: diabetes and COVID-19.
Diabetes Metab Syndr Clin Res Rev. 2020;14(4):395-403.

Pranata R, Lim MA, Huang |, Raharjo SB, Lukito AA. Hypertension is
associated with increased mortality and severity of disease in COVID-19
pneumonia: a systematic review, meta-analysis and meta-regression. J
Renin-Angiotensin-Aldosterone Syst. 2020;21(2):1-11.

Cai Q Chen F,Wang T, Luo F, Liu X, Wu Q, et al. Obesity and COVID-19
severity in a designated hospital in Shenzhen, China. Diabetes Care. 2020;
43(7):1392-8.

Nikpouraghdam M, Farahani AJ, Alishiri G, Heydari S, Ebrahimnia M,
Samadinia H, et al. Epidemiological characteristics of coronavirus disease
2019 (COVID-19) patients in IRAN: a single center study. J Clin Virol. 2020;
127:104378.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 11 of 11

Hou W, Zhang W, Jin R, Liang L, Xu B, Hu Z. Risk factors for disease
progression in hospitalized patients with COVID-19: a retrospective cohort
study. Infect Dis (Auckl). 2020:1-8. https://doi.org/10.1080/23744235.2020.
1759817.

Guzik TJ, Mohiddin SA, Dimarco A, Patel V, Savvatis K, Marelli-Berg FM, et al.
COVID-19 and the cardiovascular system: implications for risk assessment,
diagnosis, and treatment options. Cardiovasc Res. 2020;116:1666-87.

Guo J, Huang Z, Lin L, Lv J. Coronavirus disease 2019 (COVID-19) and
cardiovascular disease: a viewpoint on the potential influence of
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers on
onset and severity of severe acute respiratory syndrome coronavirus 2 Infec.
J Am Heart Assoc. 2020,9(7):e016219.

Sankrityayan H, Kale A, Sharma N, Anders H-J, Gaikwad AB. Evidence for use
or disuse of renin-angiotensin system modulators in patients having
COVID-19 with an underlying cardiorenal disorder. J Cardiovasc Pharmacol
Ther. 2020;25(4):299-306.

Liu Y, Du X, Chen J, Jin Y, Peng L, Wang HHX, et al. Neutrophil-to-
lymphocyte ratio as an independent risk factor for mortality in hospitalized
patients with COVID-19. J Inf Secur. 2020,81(1):e6-e12.

Qin G, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of
immune response in patients with COVID-19 in Wuhan, China. Clin Infect
Dis. 2020;71(15):762-8.

Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al. Kidney disease is
associated with in-hospital death of patients with COVID-19. Kidney Int.
2020;97(5):829-38.

YuT, CaiS, Zheng Z, Cai X, Liu Y, Yin S, et al. Association between clinical
manifestations and prognosis in patients with COVID-19. Clin Ther. 2020;
42(6):964-72.

Chen R, Liang W, Jiang M, Guan W, Zhan C, Wang T, et al. Risk factors of
fatal outcome in hospitalized subjects with coronavirus disease 2019 from a
nationwide analysis in China. Chest. 2020;158(1):97-105.

Lithander FE, Neumann S, Tenison E, Lloyd K, Welsh TJ, Rodrigues JCL,
Higgins JPT, Scourfield L, Christensen H, Haunton VJ, Henderson EJ. COVID-
19 in older people: a rapid clinical review. Age Ageing. 2020;49(4):501-15.
Hewitt J, Carter B, Vilches-Moraga A, Quinn TJ, Braude P, Verduri A, et al. The
effect of frailty on survival in patients with COVID-19 (COPE): a multicentre,
European, observational cohort study. Lancet Public Health. 2020,5(8):.e444-51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.icnarc.org
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-daily-deaths
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-daily-deaths
https://www.pat.nhs.uk/about-us/northern-care-alliance.html
https://www.pat.nhs.uk/about-us/northern-care-alliance.html
https://www.ons.gov.uk
https://www.cebm.net/covid-19/england-and-wales-mortality-during-the-covid-19-outbreak
https://www.cebm.net/covid-19/england-and-wales-mortality-during-the-covid-19-outbreak
https://www.nice.org.uk/guidance/ng159
https://www.nice.org.uk/guidance/ng159
https://www.scfn.org.uk/clinical-frailty-scale
https://doi.org/10.1080/23744235.2020.1759817
https://doi.org/10.1080/23744235.2020.1759817

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Objectives
	Methods
	Patient selection
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

