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ABSTRACT

Background A report suggesting large between-hospital
variations in mortality after admission for COVID-19 in
England attracted much media attention but used crude
rates. We aimed to quantify these variations between
hospitals and over time during England’s first wave (March
to July 2020) and assess available patient-level and
hospital-level predictors to explain those variations.
Methods We used administrative data for England,
augmented by hospital-level information. Admissions

were extracted with COVID-19 codes. In-hospital death
was the primary outcome. Risk-adjusted mortality ratios
(standardised mortality ratios) and interhospital variation
were calculated using multilevel logistic regression. Early-
wave (March to April) and late-wave (May to July) periods
were compared.

Results 74781 admissions had a primary diagnosis of
COVID-19, with 21984 in-hospital deaths (29.4%); the 30-
day total mortality rate was 28.8%. The crude in-hospital
death rate fell in all ages and overall from 32.9% in March
t0 13.4% in July. Patient-level predictors included age,
male gender, non-white ethnic group (early period only)
and several comorbidities (obesity early period only). The
only significant hospital-level predictor was daily COVID-19
admissions in the late period; we did not find a relation
with staff absences for COVID-19, mechanical ventilation
bed occupancies, total bed occupancies or bed occupancies
for COVID-19 admissions in either period. Just 4 (3%) and
2 (2%) hospitals were high, and 5 (4%) and 0 hospitals
were low funnel plot mortality outliers at 3 SD for early and
|ate periods, respectively, after risk adjustment. We found
no strong correlation between early and late hospital-level
mortality (r=0.17, p=0.06).

Conclusions There was modest variation in mortality
following admission for COVID-19 between English
hospitals after adjustment for risk and random variation,

in marked contrast to early media reports. Early-period
mortality did not predict late-period mortality.

INTRODUCTION
Many studies have shown that COVID-19
case fatality rates vary by country, region
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within country’ # and patient factors such
as age, gender, ethnic group, body mass
index, creatinine, socioeconomic depri-
vation, smoking and comorbidities,' *
but there has been little published on
variations between hospitals. Unpub-
lished results from National Health
Service (NHS) England in July 2020
that attracted much media attention
suggested wide variations in mortality.
A US study of patients admitted to the
intensive therapy unit (ITU) found the
risk-adjusted mortality to vary from
6.6% to 80.8% across the 65 study
hospitals.” A larger US study of risk-
adjusted 30-day mortality or referral to
hospice rates found a range from 5.7%
to 24.7% and that all but one hospital
improved its rates between January and
July 2020.” There have been differences
in how hospitals have responded to the
pandemic in terms of increasing capacity
(converting operating rooms into make-
shift ITUs, retraining staff) and treatment
options (use of oxygen, ventilation, ITU
admission, steroids and other medica-
tions),® and it is likely that this will trans-
late into variations in patient outcomes.

Using national hospital data for
England, we compared crude and risk-
adjusted in-hospital case fatality rates by
hospital in the first 5 months following
the introduction of the two specific Inter-
national Classification of Diseases 10th
Revision (ICD-10) codes for the disease
by the WHO in March 2020 and covering
the first wave of infection. Our research
questions were:
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1. How did early-wave period (March to April) and late-
wave period (May to July) mortality and predictors
compare?

2. How did each hospital’s early-period mortality compare
with their late-period mortality?

3. How much non-random variation existed between
hospitals?

METHODS

Data

Hospital Episode Statistics (HES)? covers all NHS
patients treated in either NHS or private hospitals
and also private patients treated in NHS hospitals
in England. Information includes dates of admission
and discharge, demographics, up to 24 procedures,
one primary diagnosis (main problem treated) and
up to 19 secondary diagnoses (comorbidities and
complications) with ICD-10 coding, and in-hos-
pital outcomes such as length of stay (LOS) and
death. The basic unit of the database is the finished
consultant episode, representing the time during
which the patient is the responsibility of a senior
doctor (consultant); there can be multiple episodes
per admission. For each patient ID, we linked
records into admissions to take account of trans-
fers between consultants and between hospitals.
We searched for either new ICD-10 COVID codes
U071 and U072' " in first just the primary diag-
nosis field (either first or second episode). Data are
routinely linked each month to the national death
register, and we therefore also report 30-day total
mortality (ie, deaths in and out of hospital within 30
days of admission).

We augmented the HES records with several
hospital-level variables. One was simply its daily
number of COVID-19 admissions, hypothesising
that a large case load could overwhelm the hospital’s
capacity and lead to worse outcomes. In addition,
COVID-19 Situation Reports (SitReps) published
by NHS England'? were used to calculate the mean
weekly number of occupied beds, number of beds
occupied by patients with confirmed COVID-19,
number of mechanical ventilation (MV) beds occu-
pied by patients with confirmed COVID-19 and
number of COVID-19-related staff absences, either
through sickness or self-isolation. SitReps data were
not available for March; we imputed values using
those for the first week of April. The hospitals iden-
tified within the reports were matched against the
hospitals within HES: we were able to match 124 out
of a possible 128 acute, non-specialist hospitals. All
analyses are based on the 124 hospitals.

Statistical analyses

We calculated crude death rates by hospital trust
and then applied two-level logistic regression due
to the clustering of patients within hospitals, with
random intercepts for hospitals. These had the

following patient (level 1) predictors: age (one-knot
spline), gender, diabetes, hypertension, coronary
heart disease, chronic obstructive pulmonary disease
(COPD), obesity, cancer, renal disease, dementia,
area-level Carstairs socioeconomic deprivation,
emergency admission flag, source of admission (from
own home, transferred from another provider),
ethnic group, number of emergency admissions for
any reason in the previous 12 months and month
of admission. Comorbidities were taken from any
diagnosis field in the index admission. Hospital-
level total bed occupancies, confirmed COVID-19
bed occupancies, MV bed occupancies for confirmed
COVID-19 cases, staff absences related to COVID-19
and COVID-19 admissions were also included as
hospital-level (level 2) variables in the full model,
each of them as one-knot splines (see online supple-
mental appendix figures A6-A11 for plots). Patient
comorbidity was also described (but not modelled)
using the Charlson Comorbidity Score calibrated to
the NHS."

To derive adjusted mortality ratios and rates by
trust, predicted probabilities per patient were calcu-
lated from the fixed effects part of the model, that
is, excluding the random hospital effects'* and
summed to give total expected deaths by hospital;
the observed deaths were divided by these expected
totals to give a standardised mortality ratio (SMR).
To convert this into risk-adjusted rates, it was multi-
plied by the national crude rate. This was done for
the early and late periods separately.

To estimate the variation in mortality between
hospitals, we first inspected the covariance estimate
of the random effects and intraclass correlation coef-
ficient (ICC), which indicates how much of the total
variation in patient mortality is accounted for by
the hospitals. To estimate this, we used a common
assumption that the dichotomous outcome comes
from an unknown latent continuous variable with
a level 1 residual that follows a logistic distribution
with a mean of 0 and a variance of 3.29."° SMRs
were plotted on funnel plots and the numbers of
mortality outliers at 2 and 3 SDs noted.

To assess whether hospitals changed their mortality
between the early and late periods, the two sets of
SMRs were first compared with Pearson’s correlation
coefficient. In each period, hospitals were then put
into quartiles based on their SMRs. The weighted
kappa statistic was calculated from the resulting 4 x4
table.

For context, LOS was summarised overall and at
a hospital level as medians and IQRs. The Pearson’s
correlation coefficient was calculated between the
SMRs and median LOS.

Sensitivity analyses
Sensitivity analyses included expanding the admis-
sions to cover COVID-19 codes in any diagnosis
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Table 1

and late-period COVID-19 admissions

Patient characteristics, counts and proportions of in-hospital deaths among 124 English hospital admissions for early-period

Early period (March, April)

Late period (May, June, July)

n=59054 n=15727
In-hospital deaths In-hospital deaths
Feature Value n (%) (crude rate as %) n (%) (crude rate as %)
Age (years) Mean (SD) 67.7 (18.2) - 68.4 (20.1) -
0-9 Suppressed* (<5) Suppressed* (<5) Suppressed* (<5) Suppressed* (<5)
10-19 236 (0.4) 8(3.4) Suppressed* (<5) Suppressed* (<5)
20-29 1141 (1.9) 30(2.6) Suppressed* (<5) Suppressed* (<5)
30-39 2644 (4.5) 114 (4.3) 751 (4.8) 11(1.5)
40-49 5022 (8.5) 347 (6.9) 1213 (7.7) 53 (4.4)
50-59 8795 (14.9) 1259 (14.3) 1875 (11.9) 177 (9.4)
60-69 9652 (16.3) 2554 (26.5) 2162 (13.7) 375(17.3)
70-79 12395 (21.0) 4803 (38.7) 3164 (20.1) 897 (28.4)
80-89 13919 (23.6) 6618 (47.5) 4154 (26.4) 1521 (36.6)
90+ 4761 (8.1) 2555 (53.7) 1647 (10.5) 656 (39.8)
Gender Male 34462 (58.4) 11377 (33.0) 8348 (53.1) 2160 (25.9)
Female 24592 (41.6) 6911 (28.1) 7379 (46.9) 1536 (20.8)
Ethnic group Black or Black British 3763 (6.4) 1002 (26.6) 343 (2.2) 51(14.9)
Asian or Asian British 5367 (9.1) 1390 (25.9) 1396 (8.9) 208 (14.9)
White 39828 (67.4) 13270 (33.3) 12011 (76.4) 3079 (25.6)
Other including Mixed 3079 (5.2) 694 (22.5) 519 (3.3) 58(11.2)
Unknown 7017 (11.9) 1932 (27.5) 1458 (9.3) 300 (20.6)
Deprivation quintile 1 (least deprived) 8850 (15.0) 2796 (31.6) 2450 (15.6) 632 (25.8)
2 9740 (16.5) 3147 (32.3) 2802 (17.8) 688 (24.6)
3 11063 (18.7) 3557 (32.2) 3034 (19.3) 822(27.1)
4 12210 (20.7) 3825(31.3) 3417 (21.7) 746 (21.8)
5 16894 (28.6) 4909 (29.1) 3962 (25.2) 804 (20.3)
6 (unknown) 297 (0.5) 54 (18.2) 62 (0.4) Suppressed* (<5)
Method of admission Emergency 58 174 (98.5) 18081 (31.1) 15390 (97.9) 3658 (23.8)
Non-emergency 880 (1.5) 207 (23.5) 337(2.1) 38(11.3)
Admission source Home 52632 (89.1) 16090 (30.6) 14198 (90.3) 3290 (23.2)
Transfer from acute hospital 391(0.7) 142 (36.3) 123(0.8) 24 (19.5)
Transfer from non-acute 92(0.2) 43 (46.7) 26(0.2) 2(46.2)
hospital
Transfer from unknown 4002 (6.8) 1158 (28.9) 676 (4.3) 123(18.2)
hospital
Other/unknown 1937 (3.3) 855 (44.1) 704 (4.5) 247 (35.1)
Emergency admissionsin 0 35277 (59.7) 9118 (25.8) 7262 (46.2) 1295 (17.8)
previous 12 months 1 11456 (19.4) 4233 (37.0) 3768 (24.0) 1057 (28.1)
2 5362 (9.1) 2179 (40.6) 2001 (12.7) 576 (28.8)
3+ 6959 (11.8) 2758 (39.6) 2696 (17.1) 768 (28.5)
Admission month March 18985 (32.1) 6246 (32.9) -
April 40069 (67.9) 12042 (30.1) -
May - - 10899 (69.3) 2783 (25.5)
June - - 3652 (23.2) 756 (20.7)
July - - 1176 (7.5) 157 (13.4)
Charlson Comorbidity Mean (SD) 8.9 (10.0) - 10.5(10.7) -
Score
Comorbidity Diabetes 16239 (27.5) 5946 (36.6) 3887 (24.7) 1033 (26.6)
Hypertension 26143 (44.3) 9528 (36.4) 6510 (41.4) 1739 (26.7)
Coronary heart disease 6581 (11.1) 3274 (49.7) 2436 (15.5) 943 (38.7)
COPD 15176 (25.7) 5079 (33.5) 4474 (28.4) 1159 (25.9)
Obesity 5160 (8.7) 1481 (28.7) 1275 (8.1) 185 (14.5)
Cancer 3406 (5.8) 1528 (44.9) 1265 (8.0) 465 (36.8)
Renal disease 9713 (16.4) 4500 (46.3) 2694 (17.1) 1015 (37.7)
Dementia 4666 (7.9) 2417 (51.8) 1444 (9.2) 559 (38.7)
*Data suppressed due to small numbers.
COPD, chronic obstructive pulmonary disease.
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Table 2 Multilevel logistic regression results for in-hospital mortality for early-period and late-period COVID-19 admissions

Early period (March, April) Late period (May, June, July)

Feature Value OR (95% Cl) P value OR (95% CI) P value
Age: OR per year <45 years 1.08 (1.07 to 1.09) <0.0001 1.10(1.07 to 1.14) <0.0001
45+ years 1.05 (1.04 to 1.07) 0.0002 1.05(1.01 to 1.08) 0.003
Gender Male 1.44 (1.39 to 1.50) <0.0001 1.40 (1.29t0 1.52) <0.0001
Female 1 1
Ethnic group Black or Black British 1.07 (0.97 to 1.17) 0.171 1.09 (0.77 to 1.52) 0.637
Asian or Asian British 1.21(1.12 t0 1.31) <0.0001 1.11(0.92 to 1.33) 0.268
White 1 1
Other including Mixed 1.10(0.99 to 1.21) 0.075 0.89(0.66 to 1.21) 0.470
Unknown 1.14 (1.07 to 1.21) 0.0001 1.15(0.99 to 1.34) 0.066
Deprivation quintile 1 (least deprived) 1 1
2 1.07 (1.00 to 1.14) 0.064 0.98 (0.851t0 1.12) 0.726
3 1.08 (1.01to 1.15) 0.025 1.13(0.99 to 1.29) 0.078
4 1.10 (1.03 t0 1.18) 0.004 0.97 (0.85t0 1.11) 0.660
5 1.12(1.05t0 1.20) 0.001 1.13(0.98 t0 1.30) 0.087
6 (unknown) 0.76 (0.55 to 1.06) 0.104 0.49 (0.17 to 1.46) 0.202
Method of admission Emergency 1 1
Non-emergency 0.87 (0.72 to 1.05) 0.149 0.54 (0.35 t0 0.83) 0.005
Admission source Home 1 1
Transfer from acute hospital 1.77 (1.39 t0 2.26) <0.0001 1.77(1.00 t0 3.12) 0.051
Transfer from non-acute hospital ~ 1.14 (0.74 to 1.75) 0.559 1.99 (0.88 to 4.50) 0.097
Transfer from unknown hospital 0.99 (0.90 to 1.10) 0.901 0.89(0.70 to 1.13) 0.325
Other/unknown 1.16 (1.04 to 1.28) 0.006 1.22(1.02 to 1.46) 0.034
Emergency admissions in previous 0 1 1
12 months 1 1.12(1.06 to 1.18) <0.0001 1.14 (1.03 t0 1.27) 0.010
2 1.15(1.08 t0 1.23) <0.0001 1.07 (0.94 t0 1.21) 0.324
3+ 1.11(1.04 to 1.18) 0.001 1.09 (0.97 to 1.22) 0.151
Admission month March 1 -
April 0.78 (0.74 10 0.81) <0.0001 - -
May - - 1
June - - 0.85(0.75t0 0.96) 0.010
July - - 0.63(0.49 10 0.79) <0.0001
Comorbidity Diabetes 1.17(1.121t0 1.22) <0.0001 1.09 (0.99 to 1.19) 0.080
Hypertension 0.95 (0.91 to 0.99) 0.013 0.82(0.75 t0 0.89) <0.0001
Coronary heart disease 1.40 (1.32 t0 1.48) <0.0001 1.50 (1.36 to 1.66) <0.0001
COPD 1.04 (0.99 to 1.08) 0.108 1.11(1.01 t0 1.21) 0.023
Obesity 1.60 (1.49 to 1.72) <0.0001 0.92 (0.77 to 1.10) 0.363
Cancer 1.47 (1.36 to 1.58) <0.0001 1.80 (1.58 to 2.05) <0.0001
Renal disease 1.29(1.23 to 1.36) <0.0001 1.37(1.24 t0 1.51) <0.0001
Dementia 1.41(1.32 to 1.50) <0.0001 1.28 (1.13 to 1.45) <0.0001
COVID-19 daily admissions: OR per <4 admissions 0.96 (0.92 to 1.01) 0.087 1.07 (1.02 t0 1.12) 0.009
admission 4+ admissions 1.01(0.96 to 1.05) 0.051 1.02 (0.96 to 1.07) 0.088
Bed occupancy Per 10 extra occupancies 1.00 (1.00 to 1.00) 0.144 1.00 (1.00 to 1.00) 0.051
COVID-19 bed occupancy Per 10 extra occupancies 1.01(1.00 to 1.01) 0.090 1.00 (0.98 to 1.02) 0.908
COVID-19 MV bed occupancy: OR <4 beds 1.00 (0.97 to 1.02) 0.912 1.03 (0.98 to 1.08) 0.225
per bed 4+ beds 1.00 (0.97 to 1.03) 0.940 0.99 (0.94 to 1.04) 0.122
COVID-19-related staff absences Per 10 extra absences 1.00 (1.00 to 1.00) 0.502 1.00 (1.00 to 1.00) 0.546

COPD, chronic obstructive pulmonary disease; MV, mechanical ventilation.

position during the admission. Rather than impute
SitReps data for March, we also ran the models
without March admissions for the early period (see
online supplemental appendix table A1). SAS soft-
ware V.9.4 was used to run the analyses, and the

significance threshold was 0.05.

RESULTS

There were a total of 174 hospital trusts with one
or more COVID-19 admissions, but we limited
this to 124 acute, non-specialist hospital trusts that
also had hospital-level published figures, thereby
excluding 1568 COVID-19 cases and 425 deaths.
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We excluded 170 admissions where patients were
discharged from hospital before the introduction of
ICD-10 codes for COVID-19 in March 2020. Since
the introduction of those codes, we found 74781
admissions with COVID-19 as the primary diagnosis
field and a further 117369 admissions with it in any
of the secondary diagnosis fields at the 124 hospitals.
Table 1 describes the patient characteristics of the
former, and all analyses were based on them.

In the 74781 admissions with COVID-19 as the
primary diagnosis, there were 21984 in-hospital
deaths (a rate of 29.4%; the 30-day total rate was
28.89%): this rate fell each month from 32.9% of the
18985 admissions in March, 30.1% of the 40069
admissions in April, 25.5% of the 10 899 admissions
in May, 20.7% of the 3652 admissions in June and
13.4% of the 1176 admissions in July (see online
supplemental appendix figure A1).

Early-wave (March to April) vs late-wave period (May
to July) mortality and predictors

Table 2 gives the logistic regression results for each
period. For categorical variables in the two-level
model, the p values in table 2 reflect the significance
test relative to the reference category, but we use the
overall significance p value to determine if the vari-
able is significant.

In the multiple logistic regression model, statisti-
cally significant predictors of in-hospital mortality
for both periods were age, male gender, deprivation
quintile, source of admission, month of admission,
hypertension, coronary heart disease, cancer, renal
disease and dementia (see table 2, online supple-
mental appendix table A2). Statistically significant
predictors for the early period only were ethnicity,
emergency admissions in the previous 12 months,
diabetes and obesity; those for the late period only
were method of admission, COPD and hospital daily
COVID-19 admissions of less than 4 (see table 2,
online supplemental appendix table A2). Due to the
spline, the odds of death for daily COVID-19 admis-
sions rose by 7% per admission until four admissions
but plateaued thereafter.

Model discrimination was fair, with a c statistic of
0.74 (95% CI 0.738 to 0.744) and 0.75 (95% CI
0.739 to 0.752) for the early and late periods, respec-
tively; calibration was reasonable as assessed by the
Hosmer-Lemeshow plot (see online supplemental

appendix figures A12-A13). The ICC from the
multilevel model for early and late periods was 1.6%
and 1.4%, respectively; the covariance parameters
for the random effects were 0.038 for the early
period and 0.048 for the late period, both p<0.001,
showing a statistically significant but small variation
in mortality between hospitals for both periods after
adjusting for available patient factors.

Hospital’s early-period mortality vs their late-period
mortality

The Pearson’s correlation coefficient between early
and late SMRs was 0.17 (p=0.06). Table 3 shows
how early-period quartiles fared with late-period
admissions.

The majority of hospitals moved between quar-
tiles from early to late periods, but only 4.0% moved
from the lowest to the highest, and only 5.7% moved
from the highest to the lowest quartile (table 3).
After applying the weighted kappa to the table, the
weighted kappa coefficient was only 0.097 (95% CI
0 to 0.228).

As age is the most important predictor, table 4
gives the average crude death rates by age group for
quartile 1 and quartile 4 hospitals in the early-wave
and late-wave periods.

There were huge mortality differences by age in
both mortality quartiles and wave periods. Crude
rates fell for every age in every mortality quartile, but
the age gradient became steeper in the later period
and was more extreme for the lowest mortality
hospital quartile.

Non-random variation between hospitals

Crude death rates for acute, non-specialist trusts
varied from 0.16 to 0.46 in the early period (see online
supplemental appendix figure A2) and from 0.04 to
0.46 in the later period (see online supplemental
appendix figure A3). Among the hospitals, there were
54 (43.5%) and 27 (21.8%) mortality outliers at 2 or
more SDs for early and late periods, respectively. For
3 SD (99.8% control limit), there were 25 (20.2%)
and 13 (10.5%) mortality outliers for early and late
periods, with 11 (8.9%) and 7 (5.6%) hospitals as
high-mortality outliers and 14 (11.3%) and 6 (4.8%)
hospitals as low-mortality outliers for the early and
late periods, respectively.

Table 3 Risk-adjusted mortality rates and number (% of total) of hospitals by hospital mortality quartile in the early and late periods

Late period

Quartile 1 (risk-adjusted rate Quartile 2 (risk-adjusted rate Quartile 3 (risk-adjusted

Quartile 4 (risk-adjusted

Early period 1.6%) 2.2%) rate 2.5%) rate 3.1%)
Quartile 1 (risk-adjusted rate 2.6%) 12 (9.7%) 7 (5.7%) 7 (5.7%) 5 (4.0%)
Quartile 2 (risk-adjusted rate 2.9%) 7(5.7%) 6 (4.8%) 9(7.3%) 9(7.3%)
Quartile 3 (risk-adjusted rate 3.2%) 5(4.0%) 12 (9.7%) 7 (5.7%) 7 (5.7%)
Quartile 4 (risk-adjusted rate 3.6%) 7(5.7%) 6 (4.8%) 8(6.5%) 10 (8.1%)
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Table 4  Average crude rates by age group for lowest and highest mortality hospital quartiles in the early and late periods

Lowest quartile

Highest quartile

Crude rate OR cf Crude rate OR cf OR cf lowest

Age % (95% ClI) OR cf <50 previous age Age % (95% ClI) OR cf <50 previous age quartile
Early period Early period

<50 3.9(3.0t04.8) 1 1 <50 73(5.9t08.9) 1 1 1.94
50-59 11.3(9.8t0 12.9) 3.1 3.1 50-59 18.7 (16.5 to 21.1) 2.9 2.6 1.81
60-69 22.8(20.8t0 24.9) 7.3 23 60-69 32.9(30.4 t0 35.5) 6.2 1.8 1.66
70-79 34.3(32.21036.4) 12.9 1.8 70-79 45.0 (42.6 to 47.4) 10.4 1.4 1.57
80-89 42.8 (40.7 t0 44.9) 18.4 1.4 80-89 52.6 (50.4 to 54.8) 14.1 1.2 1.48
90+ 48.4 (44.8 10 52.0) 23.1 13 90+ 59.5 (55.9 t0 63.1) 18.7 1.1 1.57
Late period Late period

<50 1.1(0.3t0 2.8) 1 1 <50 3.5(1.8t06.1) 1 1 3.26
50-59 4.6(2.2108.3) 43 4.3 50-59 14.1(10.1t0 19.1) 4.5 4.0 3.40
60-69 13.8 (9.7 to 18.9) 14.4 3.3 60-69 22.9 (18.5t0 27.7) 8.2 1.6 1.86
70-79 17.4(13.510 21.9) 18.9 1.3 70-79 36.5(32.2 t0 40.9) 15.8 1.6 2.73
80-89 25.3(21.2t0 29.8) 30.5 1.6 80-89 45.4 (41.4 10 49.4) 229 1.2 2.46
90+ 33.8(26.9t041.2) 45.9 1.5 90+ 48.6 (42.11055.2) 26.1 1.1 1.85

cf, compared with.

Following risk adjustment, SMRs varied from 60
to 139 and 23 to 192 between hospitals for early
(see online supplemental appendix figure A4) and
late periods (see online supplemental appendix
figure AS), respectively, with 25 (20.2%) and 10

(8.1%) mortality outliers at 2 or more SDs, and 9

(7.3%) and 2 (1.6%) at 99.8% control limit or more
(3 SD). Thirteen (10.5%) and 6 (4.8%) hospitals
were high-mortality outliers for their SMR, while
12 (9.7%) and 4 (3.2%) were low-mortality outliers
for their SMR at 2 or more SDs for early and late
periods, respectively. At 3 SD (99.8% control limit),
there were 4 (3.2%) and 2 (1.6%) hospitals as high-
mortality outliers and 5 (4.0%) and 0 (0%) hospitals
as low-mortality outliers for early and late periods,

respectively. Figure 1 is the funnel plot for the whole
first wave. For the whole first wave, 25 (20.2%)
hospitals were mortality outliers at 2 or more SDs,
and 9 (7.3%) were low-mortality and 3 (2.4%) were
high-mortality outliers at 3 SD.

Overall LOS for COVID-19 admissions ranged
from 0 to 311 nights for the early period and from
0 to 152 nights for the late period across trusts, with
a national overall median of six nights for early and
late periods. Early and late IQRs were similar (3-12
for early, 2-12 for late). This was similar for survi-
vors and deceased in each period (data not shown).
The median hospital-level stay was six nights for
both periods (early-period IQR was 6-7 and late-
period IQR was 5-7).

Risk-adjusted mortality ratio
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Figure 1

Funnel plot for the adjusted COVID-19 standardised mortality ratio for the entire first wave (March to July 2020).
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Sensitivity analyses

There were 117054 admissions with COVID-19 in
any diagnosis position, with 87032 admissions in
the early period and 30022 admissions in the later
period. Where it occurred in a secondary position,
26.0% of the time, the first one was occupied by a
wide range of conditions, most commonly ICD-10
A419 (unspecified sepsis, 0.9% for the whole wave),
N390 (urinary tract infection, site not specified,
0.9%), J181 (lobar pneumonia unspecified, 0.8%),
§$7200 (fracture of neck of femur, 0.7%) and N179
(unspecified acute renal failure, 0.6%).

Hospital SMRs for the adjusted model ranged from
68 to 136, with 9.7% high-mortality and 9.7% low-
mortality outliers at 2 SD and 4.0% high-mortality
and 6.5% low-mortality outliers at 3 SD on the
funnel plots for the early period. For the late period,
hospital SMRs for the adjusted model ranged from
32 to 171, with 9.7% high-mortality and 11.3% low-
mortality outliers at 2 SD and 1.6% high-mortality
and 4.0% low-mortality outliers at 3 SD on the
funnel plots. Correlation with the SMRs derived
from COVID-19 as the primary diagnosis was high
at 0.86 (p<0.0001) for the early period and 0.82
(p<0.0001) for the late period. The adjusted SMR
ranges for each period were similar to those from the
main analysis.

As SitReps data were unavailable for March,
we tried excluding March admissions and ran the
model for the early period (see online supplemental
appendix table A1l). Regression coefficients were
largely unchanged.

DISCUSSION

Summary of main findings

Crude in-hospital mortality rates fell greatly during
the first wave. We found wide variation between
hospitals in England in these rates, which fell but
remained statistically significant following risk
adjustment and multilevel modelling. Hospitals’
early-period mortality correlated very weakly with
their late-period mortality. Of our hospital-level
variables, only COVID-19 daily admissions in the
late period showed both a statistically and non-
negligible association with mortality, in this case a
7% increase in odds per extra COVID-19 admis-
sion up to four admissions, plateauing thereafter.
Mortality improved for all age groups and at both
low-mortality and high-mortality hospitals over
time, but the age gradient was steeper in the late
period and in the lowest mortality quartile hospitals.
This implies that, compared with the early period,
the biggest relative improvements in survival were
made in younger patients. Patient-level variables had
consistent associations with mortality over time, with
the main exception of obesity, diabetes, emergency
admissions in the previous 12 months and ethnicity
(significant only in the early period) and method of

admission and COPD (both significant only in the
later period).

Explanations for the interhospital variations
include chance and differences in coding (use of the
new ICD-10 U codes), case mix, case finding (testing
for COVID-19 on admission) and treatment (triage,
ventilation, extracorporeal membrane oxygenation,
ITU, steroids and other medications). We discuss
each in turn.

Chance, case mix, coding and case finding

Chance is highly unlikely as an explanation given the
tiny p value for the ICC and our use of 3 SD control
limits. We adjusted for many available key risk factors
such as age and several comorbidities, obtaining a
reasonable level of risk adjustment as measured by
the ¢ statistic, but did not have all the known risk
factors' *° such as renal function, disease severity
and other physiological data. Given the big impact of
our risk adjustment on interhospital variation, differ-
ences in such unmeasured confounding are likely to
explain at least some of the remaining differences in
mortality between hospitals. None of England’s hospi-
tals would be expected to lie outside 3 SD control
limits if there was only random variation in the death
rates. We found the proportion of mortality outliers
to be 9.7%, showing more than mere random varia-
tion. Such ‘overdispersion’ is also regularly found in
metrics of overall hospital mortality based on adminis-
trative data such as the standardised hospital mortality
indicator (SHMI) and hospital standardised mortality
ratio (HSMR). In the comparable period for which the
SHMI is published,'® June 2019 to May 2020, figures
were given for 125 trusts: at 2 SD and despite adjust-
ment (widening) of the control limits for overdisper-
sion, 13 (10.4%) still had more deaths than expected
and 16 (12.8%) fewer than expected. Comorbidity
measurement relies on secondary diagnosis coding in
HES, which is known to vary between hospitals. While
comorbidities in administrative data can be under-
recorded despite improvements in recent years, there
is evidence that this does not necessarily lead to bias
in their ORs'” and has limited impact on HSMRs.'®
Nonetheless, this will contribute an unknown but
probably modest amount to our results.

A related issue is in which diagnosis field in HES
should COVID-19 be recorded. We ran the analysis
in two ways: one using just the primary diagnosis and
a second using COVID-19 mentioned in any field.
Other variants are possible, such as to take pneu-
monia in the first diagnosis position and COVID-19
in the second, though with administrative data there is
no obvious right approach for each admission. When
comparing our sensitivity analysis hospital admissions
against published Public Health England figures,'’ 2°
we found that 96% of COVID-19 cases for April,
88% for May, 80% for June and 86% for July were
accounted for. Direct mortality comparisons were
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less comparable as published mortality rates included
COVID-19 deaths occurring within the community,
while our study focused solely on deaths within
English hospitals.

The accuracy of our denominators depends not just
on the coding of diagnosed COVID-19 cases but of
course on the diagnosis of those cases, which in turn
depends on testing. In the first few months, some
hospitals struggled to acquire sufficient testing capa-
bility. In our local hospitals in the early days of our
response, hospitals used a combination of symptom
identification and testing to diagnose COVID-19 in
individual patients. Viral PCR tests were the most
commonly used and during the study period took
12-24 hours to obtain a result.

Treatment

Robust evidence for the effectiveness of treatments
such as dexamethasone (preprint published on 22
June 2020, first paper 17 July) and remdesivir (final
report 20 May) only became available after the bulk of
admissions during our study period,”'** meaning that
during our study period clinicians applied a range of
treatments both in terms of medications and in the use
of pathways such as ITU. Many patients were involved
in trials in the UK. The use of ventilators and ITU beds
depended on their availability at each hospital, which
ran out at many units during the peak, and the medical
teams had to make difficult decisions regarding where
to place patients. Like Italy and France, the UK was hit
hard early by the virus but had limited ITU facilities
compared with other European countries. In England,
Wales and Northern Ireland, only 20.3% of patients
with COVID-19 being treated in intensive care units
were older than 70 years (and only 2.6% were older
than 80 years),”* compared with 54% (and 23%) in
Germany, where their ITU registry data showed that
capacity was never exceeded during the study period.®
The ITU admission rate in England was 179,
however, similar to that reported in Italy*® and New
York.?’

We found an association between COVID-19 daily
admissions (when less than 4) in the later period and
mortality. There were no appreciable relations for any
of our other hospital-level variables, including case
numbers and staff absences, which was surprising.
This could either be because the variables were not
consistently recorded or that, despite the enormous
pressures on staff and hospitals, the NHS managed
to mitigate them and provide a relatively consistent
service across England.

LOS depends on many factors including COVID-19
severity, case mix and treatment. We found that
median LOS varied only modestly between hospitals,
with very limited correlation with mortality rates (data
not shown).

Strengths and limitations

The study benefits from national data and a large
sample size but relies on accurate data recorded by
clinicians and then coded by clinical coders in hospi-
tals. The primary diagnosis and procedure fields in
administrative data are known to have high accuracy
(>95%)*® though secondary diagnoses are subject to
some under-recording. There will be likely variation
between hospitals when the WHO COVID-19 coding
advice was implemented. Our sensitivity analyses used
admissions with COVID-19 recorded in any diagnosis
position and found similar results to our main anal-
yses. Some of those admissions would have COVID-19
as an incidental finding, whereas an unknown number,
most likely those with pneumonia as the primary
diagnosis, would be admissions due to COVID-19.
However, due to the lack of presence of admission
codes in HES, an unknown number with COVID-19
in a secondary position would have caught the virus in
hospital. An early study of 1564 patients admitted up
to 28 April 2020 from 10 UK hospital sites and one
Italian site found that 12.5% of COVID-19 infections
were acquired in hospital.”’

Our overall death rates are in line with those from the
International Severe Acute Respiratory and Emerging
Infections Consortium WHO Clinical Characteri-
sation Protocol UK study, a large prospective cohort
study of patients with COVID-19 in 208 acute care
hospitals in England, Wales and Scotland.” Their data
covered admissions before 19 April 2020 and found
that 26% of admitted patients died. Regarding predic-
tors of death, they found significant positive associ-
ations with age, male gender, chronic lung disease,
chronic heart disease, chronic kidney disease, obesity,
dementia, chronic neurological disorders, cancer and
moderate or severe liver disease; the association with
diabetes did not meet the conventional 5% cut-off for
significance (p=0.087). Our study also found signifi-
cant increased associations with age, male gender and
several comorbidities, although the significant relation
with obesity seen in the early period disappeared in
the late period. As noted earlier, HES lacks physiolog-
ical data such as heart rate and oxygen saturation. We
also used hospital-level information on ventilation,
whereas it would have been preferable to have this at
patient level, but we found HES recording levels to be
much lower than in non-HES studies.

As with most administrative databases, HES has
limited ability to describe the severity of illness, and
this is not directly possible with COVID-19. We did
not know the need for MV on admission, and there
are also no laboratory or physiological variables. We
expect these factors may vary by hospital and for these
aforementioned reasons, it is likely that our varia-
tions in risk-adjusted mortality between hospitals are
overestimates.

By design, HES only covers admitted patients, so
variations in admission thresholds will contribute to
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the variations we observed. In England, most hospitals
were screening patients for COVID-19 symptoms on
admission, but only a minority were swabbing. Diag-
nosis and hence diagnosis coding rates will therefore
differ between centres. We focused on early mortality,
but longer term outcomes would also be of interest.

CONCLUSION

In-hospital mortality for COVID-19 admissions fell
greatly for all ages between March and July 2020 and
showed statistically significant but modest variation
between hospitals after risk adjustment. There was
little correlation between hospitals’ early-period and
late-period mortality. Further research is required to
see whether differences in approach to treatment are
associated with these variations and, particularly going
forward, with adoption of new treatments. Further
surveillance of in-hospital mortality would be useful
to help identify good practice.

Twitter Alex Bottle @DrAlexBottle

Acknowledgements The Department of Primary Care and
Public Health at Imperial College London is grateful for
support from the NW London NIHR Applied Research
Collaboration and the Imperial NIHR Biomedical Research
Centre.

Contributors AB and PPA conceived and designed this study.
AB and PF prepared the data. PF carried out the analysis,
overseen by AB. All authors took part in interpreting the data
for this study. All authors commented on and helped revise
the drafts of this paper. All authors have approved the final
version. AB is the guarantor of this study. AB and PF have
verified the underlying data.

Funding The Dr Foster Unit is an academic unit in the
Department of Primary Care and Public Health, within the
School of Public Health, Imperial College London. The unit
receives research funding from Dr Foster Intelligence, an
independent health service research organisation (a wholly
owned subsidiary of Telstra Health). The Dr Foster Unit

at Imperial College London is affiliated with the National
Institute for Health Research (NIHR) Imperial Patient Safety
Translational Research Centre. The NIHR Imperial Patient
Safety Translational Research Centre is a partnership between
the Imperial College Healthcare NHS Trust and Imperial
College London. The Department of Primary Care & Public
Health at Imperial College London is grateful for support from
the NW London NTHR Applied Research Collaboration and
the Imperial NIHR Biomedical Research Centre.

Disclaimer The views expressed in this publication are those of
the authors and not necessarily those of the NHS, NIHR or the
Department of Health and Social Care.

Competing interests AB, PF and PPA had financial support
from Dr Foster for the submitted work.

Patient consent for publication Not required.

Ethics approval We have approval from the Secretary of State
and the Health Research Authority under Regulation 5 of the
Health Service (Control of Patient Information) Regulations
2002 to hold confidential data and analyse them for research
purposes (CAG reference 15/CAG/0005). We have approval
to use them for research and measuring quality of delivery of
healthcare from the London-South East Ethics Committee
(REC reference 20/LO/0611).

Provenance and peer review Not commissioned; externally
peer reviewed.

Data availability statement Data may only be obtained from a
third party and are not publicly available. The pseudonymised
patient data that were used for this study can be accessed by
contacting NHS Digital (see https://digital.nhs.uk/services/
data-access-request-service-dars). Access to these data is subject
to a data sharing agreement (DSA) containing detailed terms
and conditions of use following protocol approval from NHS
Digital.

Supplemental material This content has been supplied by the
author(s). It has not been vetted by BM] Publishing Group
Limited (BM]) and may not have been peer-reviewed. Any
opinions or recommendations discussed are solely those of
the author(s) and are not endorsed by BMJ. BM] disclaims

all liability and responsibility arising from any reliance placed
on the content. Where the content includes any translated
material, BMJ does not warrant the accuracy and reliability of
the translations (including but not limited to local regulations,
clinical guidelines, terminology, drug names and drug dosages),
and is not responsible for any error and/or omissions arising
from translation and adaptation or otherwise.

This article is made freely available for use in accordance with
BM]J’s website terms and conditions for the duration of the
covid-19 pandemic or until otherwise determined by BM]. You
may use, download and print the article for any lawful, non-
commercial purpose (including text and data mining) provided
that all copyright notices and trade marks are retained.

ORCID iDs

Alex Bottle http://orcid.org/0000-0001-9978-2011
Puji Faitna http://orcid.org/0000-0003-3982-9089
Paul P Aylin http://orcid.org/0000-0003-4589-1743

REFERENCES

1 Baqui P, Bica I, Marra V, et al. Ethnic and regional variations in
hospital mortality from COVID-19 in Brazil: a cross-sectional
observational study. Lancet Glob Health 2020;8:¢1018-26.

2 Office for National Statistics. Deaths involving COVID-19 by
local area and socioeconomic deprivation: deaths occuring
between 1 March and 30 June 2020, 2020. Available: https://
www.ons.gov.uk/peoplepopulationandcommunity/birthsdeaths
andmarriages/deaths/bulletins/deathsinvolvingcovid19byloca
lareasanddeprivation/deathsoccurringbetween1marchand30jun
€2020 [Accessed 28 Sep 2020].

3 Gupta S, Hayek SS, Wang W, et al. Factors associated with
death in critically ill patients with coronavirus disease 2019 in
the US. JAMA Intern Med 2020;180:1436.

4 Tian W, Jiang W, Yao ], et al. Predictors of mortality in
hospitalized COVID-19 patients: a systematic review and
meta-analysis. | Med Virol 2020;92:1875-83.

5 Guan W-J, Liang W-H, Zhao Y, et al. Comorbidity and
its impact on 1590 patients with COVID-19 in China: a
nationwide analysis. Eur Respir ] 2020;55:2000547-14.

6 Perez-Guzman PN, Daunt A, Mukherjee S. Clinical
characteristics and predictors of outcomes of hospitalized
patients with COVID-19 in a multi-ethnic London
NHS trust: a retrospective cohort study. Clin Infect Dis
2020;ciaal091.

7 Asch DA, Sheils NE, Islam MN, et al. Variation in US hospital
mortality rates for patients admitted with COVID-19 during
the first 6 months of the pandemic. JAMA Intern Med
2021;181:471-8.

8 Karagiannidis C, Mostert C, Hentschker C, et al. Case
characteristics, resource use, and outcomes of 10 021 patients
with COVID-19 admitted to 920 German hospitals: an
observational study. Lancet Respir Med 2020;8:853-62.

9 Boyd A, Cornish R, Johnson L. Understanding Hospital episode
statistics (HES). Bristol, UK, 2018.

Bottle A, et al. BMJ Qual Saf 2021;0:1-10. doi:10.1136/bmjgs-2021-012990


https://twitter.com/DrAlexBottle
https://digital.nhs.uk/services/data-access-request-service-dars
https://digital.nhs.uk/services/data-access-request-service-dars
http://orcid.org/0000-0001-9978-2011
http://orcid.org/0000-0003-3982-9089
http://orcid.org/0000-0003-4589-1743
http://dx.doi.org/10.1016/S2214-109X(20)30285-0
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingcovid19bylocalareasanddeprivation/deathsoccurringbetween1marchand30june2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingcovid19bylocalareasanddeprivation/deathsoccurringbetween1marchand30june2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingcovid19bylocalareasanddeprivation/deathsoccurringbetween1marchand30june2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingcovid19bylocalareasanddeprivation/deathsoccurringbetween1marchand30june2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/deathsinvolvingcovid19bylocalareasanddeprivation/deathsoccurringbetween1marchand30june2020
http://dx.doi.org/10.1001/jamainternmed.2020.3596
http://dx.doi.org/10.1002/jmv.26050
http://dx.doi.org/10.1183/13993003.00547-2020
http://dx.doi.org/10.1093/cid/ciaa1091
http://dx.doi.org/10.1001/jamainternmed.2020.8193
http://dx.doi.org/10.1016/S2213-2600(20)30316-7

Original research

10

11

12

13

14

15

16

17

18

19

Kadri SS, Gundrum J, Warner S, et al. Uptake and accuracy of
the diagnosis code for COVID-19 among US hospitalizations.
JAMA 2020;324:2553-4.

McGurnaghan SJ, Weir A, Bishop J, et al. Risks of and risk
factors for COVID-19 disease in people with diabetes: a cohort
study of the total population of Scotland. Lancet Diabetes
Endocrinol 2021;9:82-93.

NHS England. COVID-19 Hospital activity: COVID-19 daily
situation report, 2020. Available: https://www.england.nhs.
uk/statistics/statistical-work-areas/covid-19-hospital-activity/
[Accessed 10 Sep 2020].

Bottle A, Aylin P Comorbidity scores for administrative data
benefited from adaptation to local coding and diagnostic
practices. | Clin Epidemiol 2011;64:1426-33.

Cohen ME, Ko CY, Bilimoria KY, et al. Optimizing ACS
NSQIP modeling for evaluation of surgical quality and

risk: patient risk adjustment, procedure mix adjustment,
shrinkage adjustment, and surgical focus. | Am Coll Surg
2013;217:336-46.

Snijders TAB, Bosker R]. Multilevel analysis: an introduction
to basic and advanced multilevel modelling. Thousand Oaks,
CA: Sage, 1999.

Digital NHS, Jones S. Summary Hospital-level Mortality
Indicator (SHMI) - Deaths associated with hospitalisation.
Deaths following time in hospital, England, June 2019 - May
2020, 2020. Available: https://files.digital.nhs.uk/71/31E0AE/
SHMI one page summary%2C Jun19-May20.pdf

Stavem K, Hoel H, Skjaker SA, et al. Charlson comorbidity
index derived from chart review or administrative data:
agreement and prediction of mortality in intensive care
patients. Clin Epidemiol 2017;9:311-20.

Bottle A, Jarman B, Aylin P. Hospital standardized mortality
ratios: sensitivity analyses on the impact of coding. Health Serv
Res 2011;46:1741-61.

Public Health England. NHSX. coronavirus (COVID-19)

in the UK: healthcare in England, 2020. Available: https://
coronavirus.data.gov.uk/healthcare?areaType =nation&
areaName=England [Accessed 12 Oct 2020].

20

21

22

23

24

25

26

27

28

29

Public Health England. NHSX. coronavirus (COVID-19)

in the UK: deaths in England, 2020. Available: https://
coronavirus.data.gov.uk/deaths?areaType =nation&areaName=
England [Accessed 12 Oct 2020].

Horby P, Lim W, Emberson J. Dexamethasone in hospitalized
patients with Covid-19-Preliminary report. N Engl | Med
2021;384:693-704.

Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for

the Treatment of Covid-19 - Final Report. N Engl ] Med
2020;383:1813-26.

WHO Rapid Evidence Appraisal for COVID-19 Therapies
(REACT) Working Group, Sterne JAC, Murthy S, et al.
Association between administration of systemic corticosteroids
and mortality among critically ill patients with COVID-19: a
meta-analysis. JAMA 2020;324:1330-41.

Intensive Care National Audit & Research Centre (ICNARC).
ICNARC report on COVID-19 in critical care 22 may 2020.
London, United Kingdom, 2020. Available: https://www.
icnarc.org/DataServices/Attachments/Download/593555 ce-
709¢-ea11-9126-00505601089b

Docherty AB, Harrison EM, Green CA, et al. Features of
20133 UK patients in hospital with covid-19 using the
ISARIC WHO Clinical Characterisation Protocol: prospective
observational cohort study. BMJ 2020;369:m1985.

Grasselli G, Zangrillo A, Zanella A, et al. Baseline
characteristics and outcomes of 1591 patients infected with
SARS-CoV-2 admitted to ICUs of the Lombardy region, Italy.
JAMA 2020;323:1574-81.

Richardson S, Hirsch JS, Narasimhan M, et al. Presenting
characteristics, comorbidities, and outcomes among 5700
patients hospitalized with COVID-19 in the new York City
area. JAMA 2020;323:2052-9.

Burns EM, Rigby E, Mamidanna R, et al. Systematic review of
discharge coding accuracy. | Public Health 2012;34:138-48.
Carter B, Collins JT, Barlow-Pay F, et al. Nosocomial
COVID-19 infection: examining the risk of mortality. The
COPE-Nosocomial study (COVID in older people). | Hosp
Infect 2020;106:376-84.

10

Bottle A, et al. BMJ Qual Saf 2021;0:1-10. doi:10.1136/bmjgs-2021-012990


http://dx.doi.org/10.1001/jama.2020.20323
http://dx.doi.org/10.1016/S2213-8587(20)30405-8
http://dx.doi.org/10.1016/S2213-8587(20)30405-8
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-hospital-activity/
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-hospital-activity/
http://dx.doi.org/10.1016/j.jclinepi.2011.04.004
http://dx.doi.org/10.1016/j.jamcollsurg.2013.02.027
https://files.digital.nhs.uk/71/31E0AE/SHMI%20one%20page%20summary%2C%20Jun19-May20.pdf
https://files.digital.nhs.uk/71/31E0AE/SHMI%20one%20page%20summary%2C%20Jun19-May20.pdf
http://dx.doi.org/10.2147/CLEP.S133624
http://dx.doi.org/10.1111/j.1475-6773.2011.01295.x
http://dx.doi.org/10.1111/j.1475-6773.2011.01295.x
https://coronavirus.data.gov.uk/healthcare?areaType=nation&areaName=England
https://coronavirus.data.gov.uk/healthcare?areaType=nation&areaName=England
https://coronavirus.data.gov.uk/healthcare?areaType=nation&areaName=England
https://coronavirus.data.gov.uk/deaths?areaType=nation&areaName=England
https://coronavirus.data.gov.uk/deaths?areaType=nation&areaName=England
https://coronavirus.data.gov.uk/deaths?areaType=nation&areaName=England
http://dx.doi.org/10.1056/NEJMoa2007764
http://dx.doi.org/10.1001/jama.2020.17023
https://www.icnarc.org/DataServices/Attachments/Download/593555ce-709c-ea11-9126-00505601089b
https://www.icnarc.org/DataServices/Attachments/Download/593555ce-709c-ea11-9126-00505601089b
https://www.icnarc.org/DataServices/Attachments/Download/593555ce-709c-ea11-9126-00505601089b
http://dx.doi.org/10.1136/bmj.m1985
http://dx.doi.org/10.1001/jama.2020.5394
http://dx.doi.org/10.1001/jama.2020.6775
http://dx.doi.org/10.1093/pubmed/fdr054
http://dx.doi.org/10.1016/j.jhin.2020.07.013
http://dx.doi.org/10.1016/j.jhin.2020.07.013

	Patient-­level and hospital-­level variation and related time trends in COVID-19 case fatality rates during the first pandemic wave in England: multilevel modelling analysis of routine data
	Abstract
	Introduction
	Methods
	Data
	Statistical analyses
	Sensitivity analyses

	Results
	Early-wave (March to April) vs late-wave period (May to July) mortality and predictors
	Hospital’s early-period mortality vs their late-period mortality
	Non-random variation between hospitals
	Sensitivity analyses

	Discussion
	Summary of main findings
	Chance, case mix, coding and case finding
	Treatment
	Strengths and limitations

	Conclusion
	References


