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Abstract

In this study of patients admitted with COVID-19, we examined differences between the two waves in patient characteris-
tics and outcomes. Data were collected from the first COVID-19 admission to the end of study (01/03/2020-31/03/2021).
Data were adjusted for age and sex and presented as odds ratios (OR) with 95% confidence intervals (CI). Among 12,471
admissions, 1452 (11.6%) patients were diagnosed with COVID-19. On admission, the mean (+ SD) age of patients with
other causes was 68.3 years (+ 19.8) and those with COVID-19 in wave 1 was 69.4 years (+ 18.0) and wave 2 was 66.2 years
(+18.4). Corresponding ages at discharge were 67.5 years (+ 19.7), 63.9 years (+ 18.0) and 62.4 years (+ 18.0). The highest
proportion of total admissions was among the oldest group (>80 years) in wave 1 (35.0%). When compared with patients
admitted with other causes, those admitted with COVID-19 in wave 1 and in wave 2 were more frequent in the 40-59 year
band: 20.8, 24.6 and 30.0%; consisted of more male patients: 47.5, 57.6 and 58.8%; and a high LACE (Length of stay, Acu-
ity of admission, Comorbidity and Emergency department visits) index (score > 10): 39.4, 61.3 and 50.3%. Compared to
wave-2 patients, those admitted in wave 1 had greater risk of death in hospital: OR=1.58 (1.18-2.12) and within 30 days of
discharge: OR =2.91 (1.40-6.04). Survivors of COVID-19 in wave 1 stayed longer in hospital (median = 6.5 days; interquar-
tile range =2.9-12.0) as compared to survivors from wave 2 (4.5 days; interquartile range = 1.9—8.7). Patient characteristics
differed significantly between the two waves of COVID-19 pandemic. There was an improvement in outcomes in wave 2,
including shorter length of stay in hospital and reduction of mortality.
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Abbreviations LACE Length of stay, acuity of admission, comor-
CI Confidence interval bidity and emergency department visits
COVID-19 Coronavirus disease-19 LOS Length of stay NHS National Health Service
ICD International classification of diseases OR Odds ratio
IQR Interquartile range REED REspiratory Emergency Department
SD Standard deviation
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Introduction

The coronavirus disease (COVID-19) pandemic has
emerged as the biggest cause of mortality world-wide in
the past year [1]. Factors associated with increased risk of
death from COVID-19 include older age [2, 3], male sex
[3, 4], obesity [5], chronic illness [3, 5], low income and
education, unmarried and immigrants from a low- or mid-
dle-income country [4]. However, there are other reasons
that may also contribute to the excess mortality. During
this COVID-19 pandemic, there were two distinct waves
observed in almost every country [6]. Because of its nov-
elty, there was limited experience in managing COVID-
19 patients in the first wave. By the second wave, more
evidence on the effectiveness of many therapies emerged,
followed by the roll-out of new and effective vaccines.
There was a significant reduction in mortality rates from
COVID-19 in wave 2 in most countries [7]. Although rapid
advances in treatment played a crucial role in the improve-
ment of survival [8§—12], there were many other measures
recommended by public health bodies including: protec-
tion (shielding) of vulnerable groups, particularly older
individuals and those living in residential care homes;
greater hygiene control and social distancing; rapid testing
systems; and the timing of lockdowns [13]. On the other
hand, COVID-19 continues to evolve with new strains
emerging globally, including in the UK. Consequently,
or otherwise, a significant shift in patient demographics
occurred between the two COVID-19 waves.

Hitherto, most studies have focussed on patient char-
acteristics and mortality in wave 1, whilst information on
changes of these factors with wave 2 is lacking. In this
study of patients admitted with COVID-19 during the
first 13 months of the pandemic, we examined differ-
ences between wave 1 and wave 2 in patient characteris-
tics, including: age, sex and LACE index (an indicator of
health status); outcomes in hospital including length of
stay (LOS) and in-patient mortality; and post-discharge
outcomes including early readmissions and short-term
mortality. Patients admitted with other causes (non-
COVID-19) during the pre-pandemic year were included
for reference.

Methods
Study design, participants and setting

We analysed prospectively collected data of consecutive
unplanned admissions to a single NHS hospital from 1st
April 2019 to 31st March 2021, including the first case
of COVID-19 admission on the 1st March 2020 to the
endpoint of the study on the 31st March 2021. The data
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comprised mortality and clinical characteristics, as well as
care quality, including: the LOS; readmission frequencys;
comorbidities; and the number of previous emergency
department visits [14, 15].

Measurement

Morbidities were coded according to the international classi-
fication of diseases (ICD-11) [16]. Information on unplanned
admissions and frequency of readmissions within 28 days
and mortality within 30 days of discharge from hospital was
documented. The LACE index was computed from Length
of stay (score range 0-7), Acuity of admission (score O or 3),
Comorbidity (score range 0-5) and Emergency department
visits (score range 0 or 4)—these scores were summated to
a scale of between 0 and 19 [17]. The cause of death after
discharge was certified by the general practitioner who then
notified our Medical Records department for documentation.

Categorisation of variables

The pre-pandemic period was from 1st of April 2019 to 29th
February 2020 and the pandemic period was from 1st of March
2020 to 31st of March 2021. In general medical admissions,
a LACE index score > 10 has been shown to associate with
increased risk of adverse outcomes such as frequent readmis-
sions and mortality [14]. Frequency of early readmissions were
categorised either into a single readmission or > 2 readmis-
sions within 28 days of discharge.

Statistical analysis

Chi-square tests were used to determine categorical variables
including age bands, sex, LACE index and mortality in rela-
tion to COVID-19 wave 1 and wave 2. Kruskal-Wallis tests
were used to assess non-normally distributed data sets (LOS)
and logistic regression was used to assess the differences in
COVID-19 wave 1 and wave 2 (predictor variables) in rela-
tion to mortality in hospital and within 30 days of hospital
discharge (dependent variables). The data are presented as two
models; model 1: unadjusted and model 2: adjusted for age and
sex. Odds ratios (OR) are given with 95% confidence intervals
(CI). Analyses were performed using IBM SPSS Statistics,
v23.0 (IBM Corp., Armonk, NY).

Results
General description
A total of 10 173 patients were admitted in the pre-pandemic

period: 47.7% men, 52.3% women; aged 18-107 years
(mean=68.3 years, SD=20.0). In the pandemic period
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there were 12 471 patients: 48.7% men, 51.3% women; aged
18-105 years (mean=68.1 years, SD=19.5). Amongst
patients admitted during the pandemic period, there were
11.6% (n=1452) who presented with COVID-19, most of
whom (90.2%) were diagnosed by PCR tests (ICD code:
U07.1) and the remaining by clinical presentation (9.5%,
ICD code: U07.2) or 0.3% (4 patients) on the basis of per-
sonal history (ICD code: U07.3 and U07.4) [16]. Amongst
patients with COVID-19, there were more men (58.5%)
than women (41.5%) (y*=63.1, P <0.001). Overall, all-
cause mortality rates were 7.6% in hospital and 4.6%
within 30 days of hospital discharge in the pre-pandemic
period; corresponding figures were 8.2% and 3.9% in the
pandemic period. Amongst COVID-19 patients, there were
no group differences between patients with a positive PCR
test and those with clinical diagnosis for mortality in hos-
pital, 24.7% vs 22.5% (y*=0.3, P=0.321); within 30 days
of hospital discharge, 2.8% vs 3.6% (;(2=0.2, P=0.403).
A high LACE index (score > 10) was recorded in 40.8%
of patients. There were no differences in the proportion of
admissions to the intensive care unit between wave 1 and
wave 2: 2.9% vs 2.4% (P=0.832). A single early readmis-
sion within 28 days of discharge occurred in 7.9% and >2
readmissions occurred in 2.6% of all COVID-19 patients.

Management of COVID-19

All patients were managed with supportive therapies includ-
ing oxygen, anticoagulation, continuous positive airway
pressure ventilation where necessary and physiotherapy.
There were additional therapies introduced during wave 2
of the pandemic, including; antiviral medication (remdesi-
vir) and high-dose steroids (dexamethasone). An expansion
of COVID-19 dedicated wards and intensive care units was
also developed. This Trust also created an innovative dis-
charge pathway, the REspiratory Emergency Department
(REED) clinic to assess patients referred for COVID-19 to
prevent admission and reduce early readmission and mor-
tality. Patients were discharged with a pulse oximeter and
information pack and reviewed on days 1, 3 and 7 post-dis-
charge. The video consultation software ‘Attend Anywhere’
was used alongside telephone consultations.

Characteristics of COVID-19 wave 1 and wave 2,
with reference to pre-pandemic period

There were two distinct waves of COVID-19: wave 1 from
01/03/2020 to 30/08/2020 and wave 2 from 10/09/2020 to
17/02/2021. Both wave 1 and wave 2 peaked at about 45%
of all admissions in April 2020 and in January 2021, respec-
tively. The initial slope in wave 2 was gradual and reached a
small peak. By December 2020, the slope in wave 2 accel-
erated to its peak a month later (Fig. 1). On admission, the

mean (+ SD) age of patients in the pre-pandemic period was
68.3 years (+20.0) and during the pandemic period was also
68.3 years (+19.8); those with COVID-19 in wave 1 this
was 69.4 years (+18.0) and with COVID-19 in wave 2 was
66.2 years (+18.4). The highest proportion of total admis-
sions was seen among the oldest group (> 80 years) in wave
1 (35.0%). When compared with patients admitted in the
pre-pandemic period, those admitted during the pandemic
period with COVID-19 in wave 1 and in wave 2 were more
frequent in the 40-59 year band (19.6, 24.6 and 30.0%); con-
sisted of more male patients: 47.7, 57.6 and 58.8% and more
had LACE indices > 10: 38.8, 61.3 and 50.3% (Table 1).

Mortality rates in hospital and after discharge were con-
sistently highest among patients admitted with COVID-19
in wave 1: the respective mortality rates in hospital within
groups of patients in the pre-pandemic and in the pandemic
with COVID-19 in wave 1 and with COVID-19 in wave 2
were 7.6% (n=1772), 32.7% (n=114) and 21.9% (n=242)
and the corresponding post-discharge figures within 30 days
were 4.6, 6.0 and 2.1%. This percentage for COVID-19
patients in wave 1 was 27.5% (114/414) and in wave 2 was
58.5% (242/414), i.e. proportionally more patients died after
discharge in wave 1 than in wave 2 (y*=7.1, P=0.007).
There were no group differences in readmission rates
(Table 1).

The ages of death in hospital from COVID-19 in
wave 1 (80.9+11.3 years) and in COVID-19 wave 2
(79.6 £ 12.7 years) did not differ from that in patients
admitted in the pre-pandemic (81.9+111.8 years) and
pandemic with other causes (81.1 +12.4 years) (ANOVA:
P =0.075). Survivors were significantly younger among
wave 1 (63.9 +18.0 years) and wave 2 (62.4 + 18.0 years)
than those in pre-pandemic (67.2 +20.2 years) and pandemic
with other causes (67.5+19.7 years) (ANOVA: P <0.001).
Wave-2 patients were 1.5 years (— 4.3 to 1.4) younger than
those in wave 1.

There was a higher male to female patient percentage who
died in hospital from COVID-19 in wave 1 (56.1: 43.9%)
and wave 2 (62.4: 37.6%) when compared with that from
other causes in the pre-pandemic (49.6: 50.4%) and pan-
demic (49.4: 50.6%) periods;)(z: 14.7, P=0.001 (Fig. 2A).
There were more patients who died in hospital with a high
LACE index (score > 10) than those with an index < 10
amongst patients in all four groups, those admitted in the
pre-pandemic period (77.7% vs 22.3%); the pandemic period
from non-COVID-19 causes (77.9% vs 22.1%) and those
admitted with COVID-19 in wave 1 (85.1% vs 14.9%) or in
wave 2 (87.6 vs 12.4%); y*=14.7, P=0.001 (Fig. 2B).

Length of stay in hospital

The LOS differed between groups of admission
(Kruskal-Wallis test: y*> =482, P <0.001). Patients admitted
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with COVID-19 in wave 1 stayed the longest in hospital
(median=7.2 days, IQR =3.3-13.4), followed by wave 2
(median=15.5 days, IQR =2.3-10.6), compared with the
shortest LOS among non-COVID-19 patients admitted in the
pre-pandemic (median=2.0 days, IQR =0-7.5) and the pan-
demic (median=2.0 days, IQR =0-6.9) periods (Fig. 3A).

Separate analysis stratified by survival status showed that
the median (IQR) LOS in hospital among those who died
in hospital were similar for those admitted in the pre-pan-
demic (8.3 days; 3.3-118.5) and in the pandemic with other
causes (7.9 days; 3.1-15.7) and with COVID-19 in wave
1 (8.2 days; 4.3-15.0) and in wave 2 (9.4 days; 5.2-16.5)
(Kruskal-Wallis test: ;(2=308, P <0.001). In contrast,
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survivors of COVID-19 in wave 1 spent a longer time in
hospital (median=6.5 days; 2.9-12.0) compared to survi-
vors of COVID-19 in wave 2 (4.5 days; 1.9-8.7) and to sur-
vivors of non-COVID-19 related causes in the pre-pandemic
(1.5 days; 0—6.5) and pandemic periods (1.8 days; 0-6.3)
(Kruskal-Wallis test: y>=10, P=0.019) (Fig. 3B).

Mortality

Logistic regression showed that compared to patients admitted
in the pre-pandemic period, those admitted with COVID in
wave 1 had greater age- and sex-adjusted risk of death in hos-
pital: OR=6.87 (95%CI=5.33-8.87) and death within 30 days
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Table 1. Patient characteristics Pre-pan- Pandemic period Group differ-
according to COVID-19 status demic period ences
All causes Other causes COVID- COVID- Va P
(n=10,173) (m=11,019) 19 wave 1 19 wave 2
(n=349) (n=1103)
n % n % n % n %
Age on admission (yr)
18-39 1205 11.8 1188 10.8 22 63 101 9.2 87 <0.001
40-59 1989 19.6 2292 20.8 8 246 331 30.0
60-79 3342 329 3708 337 119 341 350 317
>80 3637 358 3831 348 122 350 321 29.1
Sex
Men 4854 477 5229 475 201 57.6 649 58.8 66 <0.001
Women 5319 523 5790 525 148 424 454 412
LACE index > 10 38.8 39.4 61.3 503 123 <0.001
ICD code
U07.1 - - - - 349 100 961 87.1 50 <0.001
U07.2 - - - - 0 0 142 1297
Mortality
In hospital 772 7.6 862 6.0 114 327 242 219 648 <0.001
Within 30 days of discharge 436 4.6 419 4.0 14 60 18 21 16.1 0.005
Readmissions
Single readmission 936 92 853 7.7 3292 105 95 200 0.003
>?2 readmissions 299 29 281 2.6 9 26 29 26

Admission, sex and mortality data as % of column totals

*ICD code: diagnosed on the basis of positive anti-COVID antibodies (ICD code U07.1) and clinical pres-
entation (ICD code U07.2). "Including four patients with diagnosis based on history (one (U07.3 and three

U07.4)

of discharge: OR=1.63 (95%CI=0.93-2.85). Patients admit-
ted with COVID-19 in wave 2 also had significantly greater
risk of death in hospital: OR =4.35 (95%CI=3.66-5.16), but
lower risk of death within 30 days of discharge from hospital:
OR=0.57 (95%CI1=0.35-0.92). The risk of death in hospital
and within 30 days of hospital discharge among those admitted
with other causes during the pandemic was lower than that in
the pre-pandemic period (Table 2).

When compared with the wave-2 group (reference), those
admitted in wave 1 had significantly greater risk of death
in hospital: OR=1.58 (95%CI=1.18-2.12), death within
30 days of discharge: OR=2.91 (95%CI=1.40-6.04)
(Table 3). Further adjustment for the LACE index altered the
associations between these variables slightly, but the same
conclusions were drawn.

Discussion

The present study covered 13 months since the first case of
COVID-19 was admitted to our centre. We observed distinct
differences in characteristics and outcomes between wave

1 and wave 2 of the pandemic, both of which also differed
from those who were admitted with other (non-COVID-19)
causes and those admitted in the year before the pandemic.
Overall, there was an improvement in outcomes for patients
admitted in the second wave of COVID-19, as compared to
the first, including better survival rates and shorter LOS in
hospital. These observations provide valuable insights into
the progress in managing this novel disease. It is likely that
patient characteristics will continue to evolve with changes
to the environment and management, particularly as new
variants of COVID-19 continue to emerge in different parts
of the world and while a number of new drugs and vaccines
are made available for combating this disease [1].

Observation 1: differences in patient characteristics
between the two waves

The trends of both pandemic waves observed in our study
synchronised with those of national data [18]. Compared
to COVID-19 wave 2, there were fewer admissions dur-
ing wave 1. This difference was likely due to higher com-
munity levels of COVID-19 underlying wave 2. The later
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Fig. 2 Distribution of deaths
in hospital amongst men and

women (A) and those with a
high LACE index (B) by admis-
sions in pre-pandemic period
and COVID-19 pandemic
period

Distribution of deaths in hospital

100

(A)
Sex
B Men
M Women
Pre-pandemic  Pandemic: others Pandemic: wave-1 Pandemic: wave-2
Admissions
(B)
LACE
index
M 210
W <10

Distribution of deaths in hospital (%)

Pre-pandemic

acceleration of admissions in wave 2 was possibly due to
the emergence of the alpha (Kent) variant. Although we did
not have information to ascertain the variants of COVID-19,
the trends in wave 2 of our centre mirrored the spread of the
alpha variant which originated in the neighbouring county of
Kent [19]. Other factors that might have influenced the rate
of admissions in wave 2 included the expanded “NHS Test
and Trace” programme [20]. This led to more cases being
identified early, including those without symptoms, while
the threshold of COVID-19 severity for admission also was
somewhat lowered in wave 2. In this study, we only focussed
on patients admitted to hospital therefore no information on
symptom severity before hospital admission was available.

@ Springer

Pandemic: others Pandemic: wave-1 Pandemic: wave-2

Admissions

In a separate, unpublished study of the same population, we
found that amongst those who died of COVID-19, there was
a significantly higher proportion of patients who presented
with pneumonia (diagnosed by chest X-ray or computerised
tomography scan) in wave 2 than in wave 1: 63.1% versus
45.6%, y*=16.1, P<0.001).

Among patients admitted in wave 2, their ages at admis-
sion were lower than those of patients in wave 1, which is
likely related to changes in the at-risk population due to the
high death rates among older and poorer health in wave 1,
as well as greater protection strategies in the community
as the pandemic progressed. Furthermore, it is possible
that changes in community referral behaviour or physician
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Fig.3 Length of stay in hospital
amongst patients who died in

(A)

hospital and those who survived

to discharge. Bars represent the 35°

Sth and 95th percentiles i
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admission behaviour could also have impacted on these
differences.

There was only a slightly higher proportion of men than
women admitted in wave 2 as compared to wave 1, but there
were relatively higher rates of mortality among men in both
waves of COVID-19. The reasons for this male preponder-
ance of mortality remain unclear, since men were younger
than women (67.4 years vs 68.8 years, P<0.001) and had
similar proportions of high LACE index (40.6% vs 41.3%,
P =0.466). The higher rate of male mortality observed in
our study is similar to previous reports on other respiratory
viruses such as influenza [21]. The high proportion of high

LACE index scores (> 10) amongst patients with COVID-19
suggests that individuals with poorer underlying health were
more susceptible to contracting COVID-19 and at greater
risk of death. During wave 1, 60.3% of patients admitted with
COVID-19 had a high index LACE index, which reduced
to 50.3% in wave 2. Frailty as judged by the LACE index
might have been segregated with age or again be influenced
by mortality profile in wave 1. More aggressive shielding of
vulnerable adults with underlying health conditions in wave
2 may explain this reduction. As far as we are aware, no
previous studies have related the LACE index (a measure of
underlying health status) to COVID-19 outcomes.
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Table 2 Risk of death among
patients admitted with COVID-
19 wave 1 and wave 2 as
compared to those who were
admitted with non-COVID-19
related causes in the pre-

Logistic regression

Model 1: unadjusted Model 2: adjusted for age and

N.¢

pandemic and pandemic periods

OR 95%C1 P OR 95%CI P

In-patient mortality

Pre-pandemic period (reference) 1 - 1 - -

Pandemic period: other causes 0.78 0.70-0.87 <0.001 0.78 0.70-0.87 <0.001

Pandemic period: wave 1 5.91 4.67-7.48 <0.001 6.87 5.33-8.87 <0.001

Pandemic period: wave 2 342 2.92-4.02 <0.001 4.35 3.66-5.16 <0.001
Mortality within 30 days

Pre-pandemic period (reference) 1 - - 1 - -

Pandemic period: other causes 0.87 0.76-0.99 0.041 0.86 0.75-0.99 0.040

Pandemic period: wave 1 1.30 0.75-2.26 0.345 1.63 0.93-2.85 0.090

Pandemic period: wave 2 0.44 0.27-0.71 0.001 0.57 0.35-0.92 0.021

Table 3 Comparison of risk
of death within 30 days of

Logistic regression

discharge between patients
admitted with COVID-19

Model 1: unadjusted

Model 2: adjusted for age and sex

in wave 1 and wave 2 of the OR 95%Cl P OR 95%C1 P
pandemic In-patient mortality
Wave 2 (reference) 1 - - 1 - _
Wave 1 1.73 1.32-2.25 <0.001 1.58 1.18-2.12 <0.001
Mortality within 30 days
Wave 2 (reference) 1 - - 1 — _
Wave 1 2.97 1.45-6.06 <0.001 291 1.40-6.04 <0.001

Observation 2: in-hospital outcomes

The major observations were: LOS prior to discharge (longer
in wave 1); length of stay prior to death (shorter in wave 1);
and in hospital mortality (higher in wave 1). Almost cer-
tainly the competing interactions between the intrinsic risk
of the cohort and the effectiveness of hospital care underpin
this observation. The differences are very significant and it
is likely that clinical intervention improvements and expe-
rience gained in wave 1 contributed to better outcomes in
wave 2. The two cohorts had a very different risk profile
based on age and frailty measures (LACE index), however
the adjusted risk of in-hospital death was greatly different,
again suggesting an intervention effect. The longer in-patient
stay until death seen in wave 2 may reflect intervention
strategies that will have improved overall survival, but also
delayed time to death.

Observation 3: post-hospital outcomes

Post-discharge mortality was high in wave 1, while wave
2 was much lower, even in comparison to standard general
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medical admissions in the pre-pandemic period. Competing
interactions between the intrinsic risk of the cohort and the
effectiveness of hospital care underpin this observation. It is
likely that treatment of COVID-19 had improved over time,
which enabled patients to recover faster and be discharged
safely. This includes the much greater use of home oxygen
during wave 2 at our centre. Our findings are consistent
with those observed in the UK and most countries [7]. Age
may also partly explain these differences since survivors to
discharge was slightly younger in wave 2 than in wave-1
patients (1.5 years). In addition, fewer survivors of wave
2 had LACE index > 10 (38.5%% vs 45.7%, P=0.035). It
was also reassuring that there were no differences in the
frequency of early readmission.

By contrast, other regions have reported higher mor-
tality rates in their second waves, including some Central
and Eastern European countries [22], India, South Africa,
Brazil and Mexico [6]. A number of factors may explain
these increases including the lack of testing capacities, more
lax preventative measures including social distancing and
lockdown not strictly or impossibly imposed [23-25], over-
whelmed healthcare systems and inadequate supply of medi-
cations and vaccines. The emergence of new coronavirus
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strains also plays a major role in countries such as India,
South Africa and Brazil [26].

Implications of changes in management
of COVID-19 on clinical outcomes

As the pandemic progressed, improvement in the manage-
ment of COVID-19 was likely to be an influential factor
determining the outcomes observed in this study. As evidence
of their positive benefit emerged from a number clinical trials
[27, 28], the broad-spectrum antiviral agent remdesivir and
dexamethasone were introduced from the later stages of wave
1 to treat more severe cases with COVID-19 disease [29-31].
Furthermore, experience gained from wave 1 was valuable
for subsequent management of COVID-19 in wave 2. In
addition, there was an increase in hospital capacity by the
expansion of COVID-19 wards and intensive care units that
reduced the risk of overwhelming capacity with COVID-19
admissions (as observed by a more gradual rise of admissions
in wave 2). The REED clinic, designed to support manage-
ment of COVID-19 in the community, has shown promis-
ing results in preventing hospital admission (unpublished
data). We have also observed that amongst those who died
of COVID-19, there were proportionally more patients who
had multiple ward moves in wave 1 than in wave 2 (Supple-
mentary Fig. 1), which might have compromised continuity
of care and increased the risk of adverse outcomes.

Overall, our observations showed a number differences
between the two waves of the COVID-19 pandemic, which
were mostly consistent with other studies of European popu-
lations. This included findings that in wave 2: COVID-19
patients were younger [32, 33] and with fewer co-morbidi-
ties [33] and suffered lower rates of mortality [7, 34]. This
study also contributed to the hitherto very limited data on
differences in hospital LOS and post-hospital mortality
between the two waves. Furthermore, the uses of pre-pan-
demic data as a control group and of the LACE index as a
maker of underlying health status is unique. We believe that
our findings provide valuable experience to the development
of ongoing care regimes for patients with COVID-19.

Strengths and limitations

The strengths of this study lie in its large number of con-
secutively admitted patients, covering more than a com-
plete year of study since the first admission of COVID-19.
Also the data were obtained from a single centre which
minimised differences in care and intervention measures
over the study period that otherwise might have acted as
confounders if several centres were involved. On the other
hand, because this was a single-centre study, our findings
should be interpreted with this caveat since management

of COVID-19 may have differed to other centres, par-
ticularly in other countries. The wide range of variables
including LOS and the validated LACE index during hos-
pital admission and after hospital discharge (early death
and readmission) provides an in-depth explanation of some
underlying reasons for differences between the two waves
of COVID-19. It is possible that patients’ anthropometric
characteristics, such as body mass index, may have dif-
fered between the two waves; however, this information
was not collected. We did not collect information on the
community COVID profiles comparing wave 1 and wave
2 or admission from care homes (one of the most vulner-
able groups of individuals). However, the LACE index
was available which is highly correlated with underlying
ill health. We did not record nosocomial COVID-19 (but
this would be low) or discharge destination and palliation.

In conclusion, patient characteristics differed between the
two waves of COVID-19 pandemic. There was an improve-
ment in outcomes in wave 2, including shorter LOS in hos-
pital and a reduction in mortality.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-021-02842-5.
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