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patients hospitalised for COVID-19 in Sweden, using nationwide data compiled by the Swedish National
Board of Health and Welfare.
Methods: Observational cohort study where all patients hospitalised in Sweden between March 1 and Sep-
tember 30, 2020, with SARS-CoV-2 RNA positivity 14 days before to 5 days after admission and a discharge
code for COVID-19 were included. Outcome was 60-day all-cause mortality. Patients were categorised
according to month of hospital admission. Poisson regression was used to estimate the relative risk of death
by month of admission, adjusting for, age, sex, comorbidities, care dependency, country of birth, healthcare
region, and Simplified Acute Physiology, version 3 (patients in intensive care units; ICU).
Findings: A total of 17,140 patients were included, of which 2943 died within 60 days of admission. The over-
all 60-day mortality was thus 17-2% (95% CI, 16-6%-17-7%), and it decreased from 24-7% (95% ClI, 23-0%-26-5%)
in March to 10-4% (95% CI, 8-9%-12-1%) post-wave (July-September). Adjusted relative risk (RR) of death was
0-46 (95% CI, 0-39-0-54) post-wave, using March as reference. Corresponding RR for patients not admitted
to ICU and those admitted to ICU were 0-49 (95% CI, 0-42—0-59) and 0-49 (95% CI, 0-33—-0-72), respectively.
The proportion of patients admitted to ICU decreased from 19-4% (95% CI, 17-9%-21-1%) in the March cohort
to 8-9% (95% CI, 7-5%-10-6%) post-wave.
Interpretation: There was a gradual decline in mortality during the spring of 2020 in Swedish hospitalised
COVID-19 patients, independent of baseline patient characteristics. Future research is needed to explain the
reasons for this decline. The changing COVID-19 mortality should be taken into account when management
and results of studies from the first pandemic wave are evaluated.
Funding: This study was funded by Sweden’s National Board of Health and Welfare.
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1. Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic has put

D enormous pressure on the healthcare system in general and on hos-
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have been reported to have mortality fractions of >20% overall [2-5]
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Evidence before this study

COVID-19 was initially reported to have mortality proportions
of >20% overall among hospitalised patients and of >40%
among patients admitted to intensive care units (ICU). A few
studies indicate that mortality among COVID-19 patients
treated in ICU has decreased over time.

Added value

In the present study comprising all hospital admissions in Swe-
den from March through September 2020 we show a distinct
decline in mortality for both ICU treated and non-ICU treated
hospitalised patients with COVID-19. In the present study com-
prising all hospital admissions for COVID-19 in Sweden from
March through September 2020 we show a distinct decline in
mortality for both ICU treated and non-ICU treated patients. A
total of 17,140 patients were included, of which 2943 died
within 60 days of admission. The overall 60-day mortality was
thus 17-2% (95% Cl, 16-6%—17-7%), and it decreased from 24.7%
(95% (I, 23-0%—26-5%) in March to 10-4% (95% CI, 8-9%—12-1%)
post-wave (July-September). Adjusted relative risk (RR) of
death was 0-46 (95% CI, 0-39—0-54) post-wave, using March as
reference. Corresponding RR for patients not admitted to ICU
and those admitted to ICU were 0-49 (95% CI, 0-42—0-59) and
0-49 (95% CI, 0-33-0-72), respectively. The proportion of
patients admitted to ICU decreased from 19-4% (95% ClI,
17-9%—21-1%) in the March cohort to 8-9% (95% CI, 7-5%—10-6%)
post-wave (July-September).

Implications of all the available evidence

The findings of this study shed new light on the mortality of
COVID-19 and enable more appropriate evaluation of its man-
agement. For instance, in studies using mortality as endpoint,
the timing of inclusion may play a crucial role regarding out-
come. The results of a before-and-after study on a specific inter-
vention should thus be interpreted with caution. The impact of
an intervention during a high-mortality period does not neces-
sarily apply to the same intervention during a period with sig-
nificantly lower mortality. This is important when planning the
healthcare resources required to meet the next phase of the
pandemic.

[2,6-8]. The proportion of patients requiring ICU admission is
reported to be 17-32%[2,9-11].

Most studies on COVID-19 mortality have included patients
admitted between February and April 2020, i.e. early in the COVID-19
pandemic [1]. Since the outbreak of the pandemic, there has been a
gradual and substantial increase in our understanding of COVID-19.
This may have contributed to the improved survival that has been
noted among ICU-treated COVID-19 patients. In an ICU study of
COVID-19 patients in England, Wales and Northern Ireland by Doidge
et al. [8], a decline in 28-day mortality was noted from 43.5% before
the peak of the first pandemic wave to 34-3% after the peak. A meta-
analysis of Armstrong et al. [12] showed lower ICU mortalities in
studies published April-May than in those published January-March.
However, a large proportion of hospitalised COVID-19 patients are
never admitted to ICU, and to our knowledge it has not been clarified
if mortality has changed among non-ICU treated hospitalised
patients. Karagiannidis et al. [5] reported no considerable change in
mortality over time in a large German cohort of unselected hospital-
ised COVID-19 patients.

The present Swedish study was undertaken to examine whether
mortality has changed with time in a nationwide cohort of hospital-
ised COVID-19 patients. The specific aim was to evaluate nationwide
60-day mortality separately for non-ICU treated and ICU treated
patients, during the first 7 months of the pandemic, using data com-
piled by the Swedish National Board of Health and Welfare (NBHW).

2. Methods
2.1. Study design and setting

Nationwide observational cohort study on SARS-CoV-2-positive
individuals treated for COVID-19 in Swedish hospitals.

2.2. Participants

The study population was derived from cross-linked national pop-
ulation-based registers using the unique personal identity number
assigned to each Swedish resident at birth or on immigration to Swe-
den [13].

From the National Patient Register, held by the NBHW, all patients
admitted to hospitals in Sweden between March 1 and September 30,
2020 were identified, see flowchart in Fig. 1. Cross-linking with the
Swedish reporting system for notifiable infectious diseases (SmiNet)
[14] provided data on SARS-CoV-2 PCR test results. Hospitalised
patients with a PCR test result positive for SARS-CoV-2 RNA 14 days
before to 5 days after admission were then identified. Finally, those
with a discharge code of COVID-19, i.e. U07.1 according to the 10th
International Statistical Classification of Diseases (ICD-10), (n = 17,140)
constituted the study population of the present study.

2.3. Outcome

Study outcome was 60-day mortality, defined as the proportion of
patients that died (from any cause) within 60 days of admission date.
Sixty days was considered to be a reasonable follow-up time since
very few patients remain in hospital for longer periods, but patients
in ICU often remain hospitalised beyond 30 days [5]. Date of death
was obtained from the Swedish Cause of Death Register [15] (held by
NBHW). Since the beginning of the COVID-19 pandemic, the register
has been updated daily with all dates of death, as reported to the
Swedish Tax Agency (mandatory reporting by law), resulting in no
loss to follow-up.

2.4. Covariate data

Our main exposure of interest was time period of hospital admis-
sion. To this end, patients were categorised according to month of
admission, either ‘March’, ‘April’, ‘May’, ‘June’, or ‘Post-wave’. Due to
the low number of patients admitted during the summer/autumn
post-wave, patients admitted from July through September were
pooled into one category denoted ‘post-wave’. This categorisation
enables analysis by calendar time and captures changes in the Swed-
ish distribution of new admission for COVID-19 during the study
period, i.e. rapid increase in admissions in March, relatively stable
high admission rate during the peak of the first wave in April, declin-
ing but moderately high admission rate in May, lower and still
decreasing admissions in June and a stable, low admission rate during
the months post-wave (Fig. 2 upper panel).

Discharge diagnoses were identified through the National Patient
Register, which contains information on all reported cases of inpa-
tient care and/or visits to a physician at a specialised outpatient clinic
in Sweden. The validity of the register is generally high with positive
predictive values of 85% to 95% for most diagnoses in validation stud-
ies [16].
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Fig. 1. Flowchart of study inclusion and exclusions: Patients hospitalised for covid-19 in Sweden March 1 — September 30, 2020.

Data on drugs dispensed were obtained from the Swedish Pre-
scribed Drug Register (held by NBHW), which contains all prescribed
and pharmacy-dispensed medicines in the community classified
according to the Anatomic Therapeutic Chemical (ATC) Classification
System. The register has almost complete coverage (data missing
<1%)[17].

Comorbidities were defined using discharge diagnoses for the last
five years and/or prescribed drugs dispensed during the year preced-
ing index admission. A 30-day wash-out window prior to index
admission date was applied. Codes defining each comorbidity are
provided in Supplementary Table S1. In addition, Charlson Comorbid-
ity Index (CCI) was calculated as described in Supplementary
Table S2.

Information on care dependency (nursing home resident or
homecare) prior to admission was obtained from the Care and Social
Services for the Elderly and for Persons with Impairments Register
(held by NBHW). Date and country of birth were obtained from the
National Patient Register. ICU episodes were identified by linkage to
the Swedish Intensive Care Registry, a national quality register for
intensive care in Sweden including 83 of 84 ICUs in the country [18].
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Fig. 2. Timeline of admissions to hospitals for covid-19 in Sweden during the study
period. Upper panel: Incident number of patients admitted per day into hospital (by
index admission date), and into ICU specifically (by first ICU admission date); lower
panel: Daily pointwise-prevalence of number of patients in care per day in hospital,
and in ICU specifically.

Since the outbreak of the pandemic the register has had complete
coverage of all ICU treated COVID-19 patients in Sweden. ICU epi-
sodes were included irrespective of length of stay in ICU for patients
needing either observation or organ support. From this register we
also obtained information on Simplified Acute Physiology Score, ver-
sion 3 (SAPS3) [19], oxygenation index (PaO,/FiO,), medication, and
procedures during ICU care. For SAPS3 and PaO,/FiO,, information
from the first admission only was used. If a patient had several ICU
admissions, medication and procedure information was retrieved for
all episodes of ICU care for the study patient.

Duration of hospital stay was defined as number of days between
index admission date and last discharge date in cases with sequential
admissions in the National Patient Register. This was done in order to
account for patient transfer within or between hospitals, resulting in
multiple entries in the register. A sequential admission was defined
as a readmission occurring within 1 day of the previous one, starting
with the index admission. Duration of hospital stay in days was com-
pared using the outcome discharge status (alive/deceased) rather
than 60-day mortality, in order to account for hospital stays exceed-
ing 60 days.

2.5. Statistical analyses

2.5.1. Descriptive analysis of study cohort and setting

Baseline patient characteristics age, sex, comorbidity, care depen-
dency, country of birth, and healthcare region were tabulated as
numbers and percentages for the whole cohort as well as by month
of admission, ICU treatment, and survival outcome.

To illustrate the time dynamics of hospital burden in Sweden dur-
ing the study period, incident number of COVID-19 patients admitted
to hospital each day was plotted by index admission date for the
whole patient cohort (Fig. 2 upper panel). Patients admitted to ICU
were additionally plotted with the index ICU admission date. Daily
point prevalence of COVID-19 patients residing in hospital care and
ICU care each day was also plotted (Fig. 2 lower panel). Lines were
smoothed using a seven-day rolling average, centered on the admis-
sion date.

To provide context to our analysis, the number of COVID-19
admissions per 100,000 residents was calculated, using population
figures for the Swedish population of December 31, 2019 (Statistics
Sweden). Admission rate was calculated both nation-wide and per
healthcare region, overall and per month of admission.
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Table 1
Baseline patient characteristics total and stratified by month of admission.
Total March April May June Post-wave
Total (No.) 17,140 2367 6391 4238 2777 1367
Sex (No.,%)
Men 9822 (57-3) 1423 (60-1) 3773 (59-0) 2372 (56.0) 1506 (54-2) 748 (54-7)
Women 7318 (42-7) 944 (39.9) 2618 (41.0) 1866 (44-0) 1271 (45-8) 619 (45-3)
Age- median (IQR) 64 (50 to 78) 66(53t078) 63(51t077) 64(50t079) 63(49t079) 61 (44to77)
Age categories (No.-%)
<40 2263 (13-2) 245 (10-4) 744 (11-6) 569 (13-4) 411 (14-8) 291(21-3)
40-49 1853(10-8) 223(94) 711 (11-1) 472 (11-1) 306 (11) 141 (10-3)
50-59 3100(18-1) 421(17-8) 1246 (19-5) 732 (17-3) 479 (17-2) 221(16-2)
60-69 3003 (17-5) 443 (18.7) 1207 (18-9) 680(16-1) 465 (16-7) 208 (15-2)
70-79 3060 (17-9) 518(21.9) 1118 (17-5) 744 (17-6) 468 (16-9) 212 (15.5)
80-89 2859 (16-7) 403 (17-0) 1011 (15-8) 760 (17.9) 468 (16-9) 217 (15-9)
>89 1002 (5-9) 114 (4-8) 354(5-5) 281(6:6) 178 (6-4) 75 (5-5)
Comorbidities (No.-%)
Hypertension 8972 (52-3) 1303 (55-1) 3336(52-2) 2263 (53-4) 1407 (50-7) 663 (48.5)
Diabetes mellitus 3880 (22-6) 608 (25-7) 1455 (22-8) 946 (22.3) 593(214) 278(20-3)
Chronic lung disease 3000 (17-5) 448 (18.9) 1107 (17-3) 746 (17-6) 489 (17-6) 210(15-4)
Cancer 2466 (14-4) 377 (15.9) 892 (14-0) 630(14.9) 380(13-7) 187 (13.7)
Ischaemic Disease 2406 (14-0) 361(15-3) 903 (14-1) 597 (14-1) 358(12-9) 187 (13.7)
Atrial fibrillation 2102 (12-3) 304 (12-8) 743 (11-6) 539 (127) 351(12-6) 165 (12:1)
Heart failure 1717 (10.0) 258(10-9) 603 (9-4) 463 (10-9) 280(10-1) 113 (8-3)
Kidney disease 1337(7-8) 248 (10-5) 466 (7-3) 334(7-9) 200(7-2) 89 (6:5)
Neuromuscular disease 1280 (7-5) 171(7-2) 458(7-2) 351(8:3) 216(7-8) 84(6-2)
Stroke 1169 (6-8) 173 (7-3) 421(6-6) 301(7-1) 191 (6-69) 83(6:1)
Obesity 890 (5-2) 129 (5-5) 324(5-1) 231(5-5) 152 (5-5) 54 (4.0)
Dementia 834 (4-9) 100 (4-2) 280 (4-4) 233(5.5) 158 (5-7) 63 (4-6)
CCI categories (No.-%)
0 10,611 (61.9)  1375(58-1) 4019 (62-9) 2585 (61) 1771 (63-8) 861 (63)
1-2 4266 (24-9) 650 (27-5) 1549 (24-2) 1086 (25-6) 666 (24) 315(23)
3-4 1128 (6-6) 171(7-2) 413(6-5) 284(67) 173 (6-2) 87 (64)
5+ 468 (2-7) 100 (4-2) 159 (2-5) 129(3) 51(1-8) 29(21)
Missing 667 (3-9) 71(3.0) 251(3-9) 154 (3-6) 116 (4-2) 75 (5-5)
Dependency level (No.-%)
Home-care 2882 (16-8) 400 (16-9) 1135 (17-8) 755(17-8) 427 (15-4) 165 (12-1)
Nursing home 812(4-7) 71(3.0) 235(3-7) 257 (61) 182 (6-6) 67 (49)
Healthcare region (No.-%)
North 844 (4.9) 100 (4-2) 260 (4-1) 214(51) 188 (6-8) 82 (6.0)
Uppsala-Orebro 3599 (21.0) 498 (21.-0) 1365 (21-4) 848 (20.0) 603 (21-7) 285(20.9)
Stockholm-Gotland 7002 (40-9) 1201 (50-7) 2918 (45-7) 1597 (37-7) 893(32:157)  393(28-8)
South-East 1681 (9-8) 273(11-5) 603 (9-4) 388(9-2) 278 (10-1) 139(10-2)
West 2793 (16-3) 204 (8:6) 910(14-2) 810(19:1) 580 (20-9) 289(21-1)
South 1221(71) 91(3-8) 335(5-2) 381(9.0) 235(8.5) 179 (13-1)
Country of birth (No.-%)
Sweden 9973 (58-2) 1273 (53-8) 3575 (55-9) 2660 (62-8) 1681 (60.5) 784 (57-4)
Other 6243 (36-4) 998 (42-2) 2476 (38-7) 1358 (32) 935(33.7) 476 (34-8)
Missing 924 (5-4) 96 (4-1) 340(5-3) 220(5-2) 161 (5-8) 107 (7-8)

CCI = Charlson Comorbidity Index.

2.5.2. Crude analysis of mortality

Crude survival curves with 95% Hall-Wellner confidence bands
[20] were estimated using the Kaplan-Meier estimator [21], plotted
by month of admission with all-cause mortality as event. End of fol-
low-up was 60 days after index admission or death, whichever
occurred first.

The log-rank test was used to test for differences in survival
between groups, with a two-sided alpha of 0-05. Furthermore, crude
60-day mortality proportions were plotted by month of admission as
well as by other covariates of interest; Age groups (<60, 60—69,
70-79, >80), sex, CCI categories, country of birth, care dependency
level, and healthcare region. Confidence intervals (95% CI) were cal-
culated for the proportions using the Wilson Score interval [22] and
expressed as percentages.

2.5.3. Multivariable analysis

To assess if any of our measured covariates influenced the associa-
tion between mortality and calendar time of hospital admission, we
performed multivariable analysis using modified Poisson regression
models [23]. Relative risk (RR) with 95% CI was estimated for the out-
come 60-day mortality, with month of admission as exposure of

interest. We estimated the effect of month of admission adjusted for
age (continuous, both a linear and quadratic term), sex (male/female),
CCI (categorical, 0, 1-2, 3—4, 5+), care dependency (nursing home,
homecare, neither), country of birth (Sweden/other), and healthcare
region (North, Uppsala-Orebro, Stockholm-Gotland, South-East,
West, and South), all modelled as main effects. We additionally strati-
fied the analysis according to ICU status, to see whether time trends
held in both settings, and to enable further adjustments for the analy-
sis of ICU treated patients where we had more detailed register infor-
mation. For this purpose, patients were categorised according to
admission into ICU during the hospital stay, defined as a binary vari-
able of “ever ICU-treated” versus “never ICU-treated”. In the model
for the ICU-treated strata, the SAPS3 score (continuous) for the first
ICU episode was added, to adjust for degree of illness upon ICU
admission.

To test for statistical interaction between our main exposure and
the remaining covariates, we additionally included an interaction
term between month of admission and each covariate in separate
models, i.e. an interaction term for age, sex, comorbidity categories,
care dependency, country of birth, and healthcare region, respec-
tively. For the purpose of evaluating interaction between age and
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Table 2

Baseline patient characteristics stratified by intensive care unit (ICU) treatment and survival out-

come at 60-days follow-up.

Non-ICU-treated ICU-treated
Survivors Non-survivors  Survivors Non-survivors
Total (No.) 12,416 2339 1782 603
Sex (No.-%)
Men 6691 (53-9) 1388 (59:3) 1275 (71-5) 469 (77-8)
Women 5724(46.1) 952 (40.7) 507 (28:5) 134(22:2)
Age- median (IQR) 60(47to75) 84(77to88) 58 (50to 66) 68 (62 to75)
Age categories (No.-%)
<40 2038(16-4)  9(0-4) 202(11-3) 10(1-7)
40-49 1577 (12.7) 9(04) 240 (13-5) 27 (4-5)
50-59 2443 (19-7) 41(1-8) 518(29:1) 96 (15-9)
60-69 2156 (17-4) 132 (5-6) 529 (29.7) 186 (30-8)
70-79 2041 (16-4) 551(23:5) 254(14-3) 214(355)
80-89 1640 (13-2) 1115 (47-6) 38(21) 67 (11-1)
>89 515(4-1) 483 (20-6) 1(0-1) 3(0-5)
Comorbidities (No.-%)
Hypertension 5845 (47-1) 1959 (83.7) 796 (44.7) 373(61.9)
Diabetes mellitus 2492 (20-1) 800 (34-2) 412(23-1) 176 (29-2)
Chronic lung disease 2092 (16-9) 535(22.9) 256(14 4) 118 (19-6)
Cancer 1617 (13) 645 (27-6) 123(6-9 81(13.4)
Ischaemic Disease 1463 (11-8) 739(31-6) 121 (6- 8) 83(13-8)
Atrial fibrillation 1243 (10) 726 (31) 74 (4-2) 59(9-8)
Heart failure 954 (7-7) 672 (28.7) 47 (2-6) 44 (7.3)
Kidney disease 754 (6-1) 478 (20-4) 67(3-8) 38(6-3)
Neuromuscular disease 789 (6-4) 422 (18) 41(2-3) 28 (4-6)
Stroke 689 (5-5) 418 (17-9) 32(18) 30(5)
Obesity 673 (5-4) 87(3.7) 93(5-2) 37(6-1)
Dementia 419(3-4) 407 (17-4) 2(0-1) 6(1)
CCI categories (No.-%)
0 8129 (65-5) 854 (36-5) 1263 (70-9) 365 (60-5)
1-2 2782 (22-4) 985 (42-1) 334(18.7) 165 (27-4)
3-4 679 (5-5) 344 (14 7) 67(3:8) 38(6-3)
5+ 288(2:3) 150 (6-4 21(12) 9(1.5)
Missing 537 (4-3) 7(0- 3) 97 (5-4) 26 (4-3)
Dependency level (No.-%)
Home-care 1701 (13-7) 1070 (45-7) 52(29) 59(9-8)
Nursing home 342(2:8) 457 (19-5) 9(0:5) 4(0.7)
Healthcare region (No.-%)
North 573 (4-6) 122(5 2) 121(6-8) 28 (4-6)
Uppsala-Orebro 2526 (20-3) 503 (21 430(24-1) 140 (23.2)
Stockholm-Gotland 5179 (41.7) 965 (41- 3) 621(34-9) 237(39-3)
South-East 1255(10-1) 216(9-2) 166 (9-3) 44(7-3)
West 1997 (16:1)  342(14-6) 341(19-1) 113(18.7)
South 886 (7-1) 191 (8-2) 103 (5-8) 41(6-8)
Country of birth (No.-%)
Sweden 6995 (56-3) 1732 (74) 917 (51-5) 328 (54-4)
Other 4679 (37-7) 590 (25-2) 733 (41-1) 242 (40-1)
Missing 741 (6) 18(0-8) 132(7-4) 33(5-5)

CCI = Charlson Comorbidity Index.

month of admission, we estimated age as a categorical variable (<60,
60-69, 70—79, >80) for increased interpretability.

In all regression models, missing data were handled by complete
case analysis. Data were complete on all variables except for country
of birth and CCI (5% missing) and SAPS3 (<1% missing). Sensitivity
analyses were performed comparing adjusted RR when imputing
missing country of birth to ‘Sweden’ or ‘Outside of Sweden’, and
when imputing missing CCI to extreme values ‘0’ or ‘5+".

All data management and statistical analyses were performed
using SAS Software SAS Enterprise guide v7.15, SAS Institute Inc.,
Cary, NC.

2.6. Ethics and reporting

Ethical approval for the study was obtained from the Swedish
Ethics Review Authority, Uppsala (Dnr 2020—04,278). The study con-
forms to the Reporting of Observational Studies in Epidemiology
(STROBE) statement [24].

2.7. Role of the funding source

Most of the co-authors of this article are employees of the
National Board of Health and Welfare, thus contributing to study
design, data collection, data analysis, interpretation, writing of the
report. However, no specific funding was designated for the analysis
in question. The NBHW routinely performs epidemiological analysis
as part of its mission.

3. Results
3.1. Study population

Altogether, 17,140 patients admitted for COVID-19 at Swedish
hospitals March-September 2020 were studied, median age 64 years
(interquartile range [IQR], 50 to 78 years), 57-3% men and 42.7%
women. Fig. 2 shows the number of new hospital admissions and the
total numbers of in-patients on each time point. The peak numbers of
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Relative risk

Covariate Value (95% CI)
Hospital admission  March (ref) ] 1 (ref)

April b 0-79 (0-72-0-85)

May == 063 (0-57-069)

June i 0-56 (0-50-0-62)

Post-wave e 0-46 (0-39-0-54)
Sex Female (ref) 1] 1 (ref)

Male =il 1-51(1-42-1:61)
Dependency level  No home care (ref) ] 1 (ref)

Home care il 144 (1:33-1:56)

Nursing home i 221 (2:02-2:41)
CCl category 0 (none) (ref) ] 1 (ref)

1-2 (low) i 1-24(1-16-133)

3-4 (moderate) i 1.34(1-22-1-48)

5+ (high) i — 1-58(1-38-1-81)
Country of birth Sweden (ref) 1] 1 (ref)

Outside of Sweden i 1.08 (1-01-1-16)
Healthcare region North i 1-16 (1-01-1-33)

Uppsala-Orebro i 113 (1:05-1-22)

Stockholm-Gotland (ref) n 1 (ref)

South-East b o 0-92 (0-83-1-03)

West i 111 (1:01-1-22)

South e 1-13(1-01-1-26)

T T T
05 1 2

Relative risk estimates and 95% confidence intervals

Fig. 3. Relative risk of death from any cause within 60 days of hospital admission, for all patients in the cohort. Model adjusted for month of admission, sex, age (continuous, linear
and quadratic terms, not shown in the plot), Charlson Comorbidity Index, care dependency, country of birth and healthcare region.

patients admitted and in hospital care occurred during April. The
overall proportion of patients admitted to ICU was 13-9% (95% CI,
13-4% to 14-4%).

Patient characteristics, categorised according to month of admis-
sion, are shown in Table 1. The proportion of men decreased from
60-1% (95% CI, 58-1% to 62-1%) in March to 54-7% (95% CI, 52-1% to
57-3%) post-wave. Age distribution changed over time with the num-
ber of patients < 40 years and > 90 years increasing from March to
post-wave. The median age was 66 years (IQR, 53—78 years) in March
and 61 years (IQR, 44-77 years) post-wave. The proportion of
patients with a CCI of zero increased from 58-1% (95% Cl, 56-1% to
60-1%) in March to 63-0% (95% CI, 60-4% to 65-5%) post-wave. How-
ever, the proportion of patients living in nursing homes prior to
admission increased from 3-0% (95% CI, 2-4% to 3-8%) in March to
6-6% (95% Cl, 5-7% to 7-7%) in June, and it was 4-9% (95% CI, 3-9% to
6-2%) post-wave. In March 42.-2% (95% ClI, 40-2% to 44.2%) of patients
were born outside Sweden compared to 34-8% (95% CI 32-3% to
37-4%) post-wave.

The duration of hospital stay is presented in Supplementary Table
S3. The duration was clearly longer for patients admitted to ICU than
for those not. There was no change in duration of hospital stay during
March-May, but shorter durations were observed in June and
onwards.

3.2. Overall mortality

As 2943 patients died during the 60-day follow-up window after
admission, the overall 60-day mortality proportion was 17-2% (95%
Cl, 16-6% to 17-4%), it was 25-3% (95% CI, 23-6% to 27-1%) among
patients admitted to ICU and 15-9% (95% CI, 15-3% to 16-5%) among
patients not admitted to ICU.

Table 2 shows patient characteristics of survivors and non-survi-
vors at 60-day follow-up, stratified according to admission or no
admission to ICU during hospital stay. Among patients with CCI of
zero the 60-day mortality was 11.5%, i.e. 9-5% among non-ICU-
treated and 22.-4% among ICU-treated patients.

A multivariable analysis of RR of 60-day death is shown in Fig. 3,
in which sex, comorbidity, care dependency, country of birth, health-
care region, and month of admission are modeled as main effects.
Established risk factors such as being male, nursing home resident
and having a CCI of 5+ were all associated with increased mortality
with RR of 1.51 (95% CI, 1.42 to 1.61), 2-21 (95% CI, 2-02 to 2-41), and
1-58 (95% CI, 1-38 to 1-81), respectively. Additionally, after adjusting
for baseline patient characteristics, all healthcare regions except
South-East were associated with higher mortality than the reference
Stockholm-Gotland (Fig. 3). The single largest risk factor for death
was however age, with a RR of 10-7 (95% CI 9-07 to 12-70) for being
>80 years of age relative to < 60 years (obtained when modeling age
as categorical variable, adjusting for month of admission, sex, CCI,
care dependency, country of birth, and healthcare region).

40 - mmm—— All patients
e |CU treated
= Non-ICU treated

30 -

20 -

60-day mortality (%)

0 T T T T T

March April May June Post-wave

Fig. 4. Crude 60-day mortality proportion related to month of hospital admission. Pro-
portions with 95% confidence intervals are shown per month of admission, total and
separately for ICU- and non-ICU treated patients.
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Hospital Relative risk
Model admission (95% CI)
All patients March (ref) [ (ref)

April == 0-79 (0-72-0-85)

May —i— 0-63 (0-57-0-69)

June 0-56 (0-50-0-62)

Post-wave —— 0-46 (0-39-0-54)
Non-ICU treated  March (ref) B 1 (ref)

April =i 0-84 (0-76-091)

May —— 0-66 (0-60-0-73)

June i 0-59 (0-53-0-66)

Post-wave e 0-49 (0-42-0-59)
ICU treated March (ref) ] 1 (ref)

April ] 0-80 (0-68-0-95)

May e 0-68 (0-56-0-82)

June e — 0-62 (0-49-0-80)

Post-wave i 0-52 (0-35-0-77)

1
0-5 1

Relative risk estimates and
95% confidence intervals

Fig. 5. Relative risks with 95% confidence intervals (CI) of death from any cause within 60 days from hospital admission. Upper panel: All hospitalised patients, model adjusted for
sex, age (continuous, linear and quadratic terms, not shown in the plot), Charlson Comorbidity Index, care dependency, country of birth and healthcare region. Middle panel:
Patients not treated in ICU, model adjusted for sex, age (continuous, linear and quadratic terms, not shown in the plot), Charlson Comorbidity Index, care dependency, country of
birth and healthcare region. Lower panel: ICU-treated patients, model adjusted for sex, age (continuous, linear and quadratic terms, not shown in the plot), Charlson Comorbidity
Index, care dependency, country of birth, healthcare region and SAPS3 score at first [CU-admission.

3.3. Changes in mortality over time

Fig. 4 shows that the overall 60-day mortality decreased from
24.7% (95% Cl, 23-0% to 26-5%) in March to 10-4% (95% CI, 8-9% to
12-1%) post-wave. Likewise, it decreased from 36.-1% (95% CI, 31-8% to
40-6%) to 21-3% (95% CI, 14-9% to 29-4%) for patients admitted to ICU,
and from 21.9% (95% CI, 20-1% to 23.9%) to 9-1% (95% CI, 7-8% to
11.1%) for patients not admitted to ICU.

Kaplan-Meier analysis confirmed mortality differences according
to month of admission, with a log-rank p-value <0.001 for both non-
ICU and ICU treated patients (Supplementary Fig. S1). The survival
curves showed a higher initial mortality rate for the March cohort
than for the other months of admission, most clearly so for those
admitted to ICU. As noted in Fig. 3, the decrease in mortality
remained throughout the study period with an adjusted RR of 0-79
(95% CI, 0-72 to 0-85) in April, 0-63 (95% CI, 0-57 to 0-69) in May, and
0-46 (95% CI 0-39 to 0-54) post-wave, with March as reference.
Accordingly it decreased in patients not treated in ICU with RR 0-49
(95% CI, 0-42 to 0-59) post-wave, and in patients treated in ICU with
RR 0-49 (95% CI, 0-33 to 0-72) post-wave, with March as reference
(Fig. 5, Supplementary Fig. S2-S3). Sensitivity analysis showed no
impact on estimates for admission month when imputing missing
data on country of birth as ‘Sweden’ or ‘Outside Sweden’ or imputing
missing CCI as either of the two extreme values.

Fig. 6 shows the crude 60-day mortality proportions over time by
age categories, sex, CCl, care dependency, and country of birth. As
noted, mortality decreased over the study period for all these levels
of covariates, although the magnitude of change varied. However,
when looking at different healthcare regions, greater variance in
crude mortality over time was noted (Fig. 7).

Fig. 8 shows the adjusted RR for 60-day death of month of admis-
sion stratified by each covariate of interest, from the models includ-
ing both main effect and interaction term. There was a significant
interaction between month of admission and age, country of birth,

care dependency levels, and healthcare region (p Joint test of interac-
tion term all <0-01). No interaction was found for sex or CCI levels.
The magnitude of mortality change over time decreased with increas-
ing age, consistently across age categories (Fig. 8). In contrast, mortal-
ity by healthcare region showed strong regional heterogeneity;
decline in 60-day mortality was most pronounced in the healthcare
regions with the highest initial mortality, i.e. Stockholm-Gotland and
Uppsala-Orebro (Figs. 7 and 8). In contrast, there was no decline in
60-day mortality over time for the North region, and a very small
decline if any, for South-East, West, and South (Fig. 8). The 60-day
mortality ranged from 15-0% to 28-0% in March, and between 10-3%
to 19-1% in June across healthcare regions, and it further declined or
stabilised post-wave (Fig. 7).

The highest number of COVID-19 admissions per 100,000 resi-
dents was seen for Stockholm-Gotland region, followed by Uppsala-
Orebro and South-East regions (Supplementary Table S4). Stock-
holm-Gotland showed the highest admission rate per population
consistently for every month, although the differences between
regions diminished over time.

3.4. Change in characteristics over time among patients admitted to ICU

As shown in Fig. 9, the proportion of patients admitted to ICU
decreased from 19-4% (95% CI, 17-9% to 21-1%) in the March cohort to
8-9% (95% CI, 7-5% to 10-5%) during post-wave, and the overall pro-
portion receiving invasive mechanical ventilation decreased from
16-8% (95% CI, 15-4% to 18-4%) to 4-4% (95% CI, 3-4% to 5-6%). Table 3
presents characteristics over time of patients admitted to ICU. The
proportion of ICU patients receiving invasive mechanical ventilation
decreased from 86-5% to 49-2% and the proportion receiving dialysis
decreased from 22.8% to 6-6%, while the proportion of patients
treated in the prone position increased during April and May com-
pared to March, but had similar proportions post-wave as March.
However, SAPS3 and PaO,/Fi0, on ICU admission remained
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Fig. 6. Panel figure: Crude 60-day mortality proportion by sex, age, care dependency, Charlson comorbidity index categories and country of birth. Shown are proportions with 95%
confidence intervals per month of hospital admission, separately by categories of each factor.

unchanged during the study period. There was a gradual increase in
corticosteroid use from 6-1% in March to 59.-8% post-wave. Remdesi-
vir was given to < 2% in March-June, but was given to 31.2%
post-wave.

4. Discussion

The present nationwide study on patients hospitalised for
COVID-19 in Sweden showed a distinct gradual decline in 60-day
mortality during the first wave, i.e. March to June 2020, both for non-
ICU treated and ICU treated patients, and it stabilised during
July-September, i.e. the months post-wave. The results remained
after adjustment for age, sex, comorbidities, level of care dependency,
country of birth, healthcare region, and SAPS3 (ICU treated patients).

The mortalities of 17-2% among hospitalised COVID-19 patients
overall and 25-3% among ICU treated COVID-19 patients were lower

compared to reported mortalities from other countries, i.e. > 20% [2-
5] and > 34% [2,6-8], respectively. Reasons for differences in outcome
are difficult to analyse since studies use different outcome defini-
tions, provide different patient characteristics, and often include
patients that are still treated in hospital. Importantly, the time period
of inclusion is probably crucial for the overall mortality and for differ-
ences between studies, since the mortality has clearly been changing
over time [25]. In the present study, the overall 60-day mortality
declined from 24-7% in March to 10-4% post-wave, it declined corre-
spondingly from 36-1% to 21.3% among ICU treated patients, and
from 21.9% to 9-1% among non-ICU treated patients (Fig. 4). In addi-
tion, adjusted 60-day mortality decreased significantly (Figs. 3 and
5). Accordingly, both crude and adjusted 60-day mortality declined
over time by age categories, sex, CCI, care dependency, and country
of birth (Figs. 6 and 8), However, the mortality dynamics over time
varied between the Swedish healthcare regions (Figs. 7 and 8). The
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hospital admission, separately by healthcare region.

reasons for these variations are not known, but a number of factors
may have contributed to those and to the overall decline in mortality.

First, improvements of management and care have probably been
of great importance for the declining mortality. For instance, the
present study shows that even though acute severity of illness
(SAPS3 and PaO,[FiO,) among ICU-treated patients remained
unchanged over time, the proportion of patients managed in the
prone position increased from March to May, and the proportion

receiving invasive mechanical ventilation decreased considerably
(Table 3). Thus, respiratory care improved in ICU. In addition, the pro-
portion receiving renal dialysis decreased, most likely due to
improved circulation support. According to our experience, the respi-
ratory care was significantly improved in hospital wards as well.
During the study period the drug therapy of patients with COVID-
19 changed continuously. In March 2020, many COVID-19 patients in
Sweden received off-label treatment with chloroquine phosphate/
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Hospital Relative risk
Interaction term  Value admission (95% ClI)
Age <60 March (ref) L 1 (ref)
April b ) 087 (0:60-1-26)
May —— 026 (0-15-0-46)
June I- 015 (0-07-0:34)
Post-wave 0-17 (0-06-0-47)
60-69 March (ref) [ /] 1 (ref)
April — 063 (0-48-0-82)
May e — 052 (0-37-0-71)
June . sl 037 (0-25-0:57)
Post-wave ———— 025 (0-12-0-50)
70-79 March (ref) n 1 (ref)
April i 0-80 (0-69-0-94)
May == 065 (0-54-0.77)
June i 051 (0-41-0-64)
Post-wave e 042 (0-29-0:61)
80+ March (ref) [ ] 1 (ref)
April L 0-81(0-73-0-89)
May _t 0-70 (0-62-0-78)
June 067 (0-59-0-76)
Post-wave — 1 0:55 (0-46-0-66)
Sex Male March (ref) | ] 1 (ref)
April = 079 (0-72-0-88)
May _=- 0-63 (056-0-70)
June 0-57 (0-50-0-65)
Post-wave — 042 (0-34-0-51)
Female March (ref) un 1 (ref)
April = 0.77 (0-67-0-88)
May == 0-63 (0-54-0.73)
June ; 0-54 (0-45-0-64)
Post-wave 0-53 (0-41-0-67)
CCl categories 0 (none) March (ref) ] 1 (ref)
April i 071 (0-62-0-81)
May I 055 (0-47-0-63)
June 0-51 (0-43-0-60)
Post-wave i 044 (0:34-0:57)
1-2 (low) March (ref) [ ] 1 (ref)
April L 0-86 (0-76-0-97)
May e 071 (0-62-0-82)
June == 060 (0-51-0-71)
Post-wave b ] 047 (0-36-0:61)
3-4 (moderate) March (ref) ] 1 (ref)
April i 075 (0-61-0-92)
May ¢ 0-43-0-69)
June 0-41-0-71)
Post-wave e — 0:30-0:65)
5+ (high) March (ref)
April 0-62-118)
May 0-61-1-16)
June 0-39-1-03)
Post-wave -24-1-06!
Dependency level No home care March (ref) )
April 0-64-0-81)
May 0-46-0-61)
June 0-35-0-51)
Post-wave 0-28-047)
Home care March (ref) f)
April 0-77-0-99)
May 0-70-0:92)
June 0-59-0-82)
Post-wave 0-43-0.74)
Nursing home March (ref) ef)
April (0-74-1-06)
May 0-52-077)
June 0-56-0-85)
Post-wave 0-44-0-78)
Country of birth Sweden March (ref)
April 0-75-091)
May 0-61-0.75)
June 0-54-0-69)
Post-wave 0-45-0-64)
Outside of Sweden  March (ref)
April 0-63-0-84)
May 0-45-0-64)
June 0-37-0-56)
Post-wave 0-20-0-43)
Healthcare region North March (ref)
April 0-84-2:25)
May 0-65-1:79)
June 0-77-2:09)
Post-wave 0-61-2:00)
Uppsala-Orebro March (ref) )
April 0-59-0-81)
May 0-44-0-65)
June (0-39-0-60)
Post-wave 0-35-065)
Stockholm-Gotland ~ March (ref) )
April 0-69-0-86)
May 0-48-0-64)
June 0-35-0:51)
Post-wave 0-20-042)
South-East March (ref) )
April 0-89-1:59)
May (0-63-1-20)
June (0-64-1-29)
Post-wave 0:17-0-78)
West March (ref) )
April (0-59-1-08)
May 0-56-1-02)
June 0-53-0-99)
Post-wave 0-46-098)
South March (ref) )
April 0-54-1:27)
May 0-58-131)
June (0-42-1-08)
Post-wave . (0-34-093)

0-1

Relative risk estimates and 95% confidence intervals

Fig. 8. Forest plot showing relative risks (RR) with 95% confidence intervals (CI) of death from any cause within 60 days of hospitalisation, by month of hospital admission, stratified
by each level of covariates examined. Estimates were obtained from the models adding an interaction term between month and covariate of interest. One model per covariate of
interest underlies the estimates shown, i.e. one for modeling interaction with age, one for modeling interaction with care dependency and so on.

hydroxychloroquine [26], until this use was not recommended by the
European Medicines Agency on April 1. However, this use may not
have affected outcome, since a randomised control trial (RCT) by
Horby et al. [27] found that patients treated with hydroxychloro-
quine had similar mortality as those receiving standard of care treat-
ment. In March and early April, publications showed that
anticoagulant therapy with low molecular weight heparin (LMWH)

was associated with a better prognosis [28] and that thromboembolic
events occurred despite standard doses thromboprophylaxis [29].
Accordingly, high-dose LMWH treatment became standard in Swed-
ish ICUs in April. We are still awaiting the results of ongoing RCT of
LMWH at different doses (NCT04345848; NCT04344756) [30], so we
do not yet know the impact of high-dose LMWH on outcome. Cortico-
steroids became standard care for COVID-19 patients requiring
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Fig. 9. Proportion of patients treated in ICU and proportion receiving invasive mechan-
ical ventilation during the hospital stay, according to month of hospital admission.
Shown are proportions with 95% confidence intervals.

oxygen therapy after June 16, when the RECOVERY RCT showed sur-
vival benefits from corticosteroids [31]. Prior to that, corticosteroids
were predominantly used on the ICU, and their use increased over
the study period (Table 3). However, the infrequent use of corticoste-
roid treatment in March-May suggests that corticosteroids were
unlikely to be a major cause for the decline in mortality among ICU
patients. Meanwhile, the decreased mortality post-wave compared
to that of May-June among non-ICU treated patients (Figs. 3 and 5)
could perhaps to some extent be explained by corticosteroids, which
was then used as standard of care treatment in Sweden. Remdesivir
became a treatment option in Sweden from the end of June 2020. As
it was rarely used prior to that time point (Table 3), Remdesivir use
was most likely not a major cause of the declining COVID-19 mortal-
ity between March and June. However, it cannot be excluded that
Remdesivir use could have influenced survival during the post-wave
months (July-September).

Second, the high load of new admissions and of patients in hospi-
tal care for COVID-19 in March and April (Fig. 2) may have contrib-
uted to the high initial mortality. This notion is supported by the
result from healthcare region Stockholm-Gotland, which had the
highest number of new COVID-19 admissions per resident in March-
April (Supplementary Table S4) and also the most prominent decline
in mortality. However, the message is complex, as Stockholm-Got-
land region had the lowest mortality in June despite still having the
highest rate of COVID-19 admissions per population (Supplementary
Table S4), and its adjusted overall RR of 60-day death was lower than
that of four other regions (Fig. 3).

Third, the decline in mortality may have been due to a change in
the selection of COVID-19 patients for hospital care. Demographic
factors changed over time (Table 1), the median age decreased and

Table 3

the proportion of patients without comorbidity (CCI zero) increased,
although the proportion of patients living in nursing homes prior to
admission increased. Importantly, the proportion of hospitalised
COVID-19 patients that were admitted to ICU and receiving invasive
mechanical ventilation decreased substantially over time (Fig. 9) This
may indicate that the overall hospitalised COVID-19 population was
gradually less severely ill during the study period. This explanation is
supported by an Italian study of COVID-19 patients diagnosed in the
emergency department between March and May, showing that the
SARS-CoV-2 viral load in the upper respiratory tract gradually
decreased and the proportion of patients requiring ICU care
decreased over time [32].

Fourth, the decline in mortality could perhaps be due to changes
in virulence of the SARS-CoV-2 virus. Young et al. [33] showed that a
major deletion in the SARS-CoV-2 genome was associated with
milder infection [33]. Among 521 virus strains in Sweden with com-
plete genome sequences, 19 different SARS-CoV-2 strain sequences
were identified, 11 of which were identified in strains collected in
March only [34]. It will be important to investigate if the most preva-
lent SARS-CoV-2 strains from May had an inherent reduced virulence
or had undergone genetic changes that reduced virulence.

The results of the present study, showing declining mortality over
time in both non-ICU treated and ICU treated patients, combined
with some previous studies showing declining mortality among ICU
treated patients[8,12], shed new light on COVID-19 mortality and
enables a more appropriate evaluation of the management of the
pandemic. For instance, in studies using mortality as endpoint, the
timing of inclusion may play a crucial role regarding outcome. The
results of before-and-after studies on specific interventions should
thus be interpreted with caution. The impact of an intervention dur-
ing a high-mortality period does not necessarily apply to the same
intervention during a period with significantly lower mortality. This
is important when planning for allocation of healthcare resources to
meet the next phases of the pandemic.

The present study has a number of strengths. First, it was a nation-
wide study including all hospitals in Sweden, with both non-ICU
treated and ICU treated COVID-19 patients, providing minimised risk
of selection bias. Second, it was based on national registers with
standardised reporting on a national level, minimising bias of ascer-
tainment. The unique national personal identification number of all
Swedish residents enabled cross-linkage of registers at the individual
level. Third, the use of 60-day mortality provided a robust outcome
measure with a follow-up long enough to enable hospital discharge
or death of most patients. Forth, the present study replicated previ-
ous findings of increased risk of mortality for older ages, men, and
people born outside of Sweden [35].

The study also has limitations. First, clinical data regarding
organ function was not available for non-ICU treated patients.
Thus, it was not possible to determine degree of respiratory fail-
ure within the whole cohort. Second, data on do-not-resuscitate

Characteristics of the patient population treated on intensive care units (ICU), by month of hospital admission and survival outcome at 60 days follow-up.

March April May June Post-wave Survivors Non-survivors
Total ICU population 460 1002 496 305 122 1782 603
Hospital days pre-ICU median (IQR) 1(0-3) 1(0-3) 1(0-3) 1(0-3) 1(0-2) 1(0-3) 1(0-3)
Days on ICU- median (IQR) 13(7-21) 14(7-24) 13(6-23) 11(4-21) 8(3-17) 13(6-23) 12 (6-22)
SAPS3 mean (SD) 54.5(10.2)  52.9(9.7) 54.6(10-6) 54.3(10.9) 52.4(11.6) 51.6(9:1) 59.7(11-1)
Pa02/Fi02 mean (SD) kPa 174(137)  16.1(17:3) 16:6(13.7) 156(11.5) 184(134) 17.1(166)  14.9(9.8)
Invasive mechanical ventilation (No.-%) ~ 398 (86.5) 763 (76-2) 343 (69-2) 179 (587) 60 (49-2) 1247 (70.0)  496(82-3)
Renal dialysis (No.-%) 105 (22-8) 181(18:1) 87(17-6) 43(14.0) 8(6-6) 242 (13.6) 182(30.2)
Prone position (No.-%) 160 (34-8) 492 (49.0) 255(51.4) 136 (44-6) 38(31-2) 763 (42-8) 318(52.7)
Corticosteroids (No.-%) 28(6-1) 81(8:1) 90(18:2) 88(28:8) 73(59:8) 265 (14.9) 95(15-8)
Tocilizumab (No.-%) 23(5.0) 17(1.7) 17 (3-4) 4(13) 2(1-6) 49 (2-8) 14(2.3)
Remdesivir (No.-%) 0(0) 9(0.9) 7(1-4) 5(1-6) 38(31-2) 48(2-7) 11(1:8)
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orders were not available and thus, it is not known if criteria for
admission to ICU changed with time. However, SAPS3 scores on
ICU admission were constant throughout the study period, indi-
cating that the criteria for ICU admission had probably not
changed considerably. Third, we did not have access to data on
drug therapy on wards during hospital stay, and thus we could
not appropriately assess the impact of different drug therapy for
outcome. Forth, the study lacked information on hospital bed
occupancy and caregiver-to-patient ratio, which could have
enabled further investigation of reasons for temporal as well as
regional variation in mortality [36]. Fifth, the National Patient
Register lacks information from primary care, hence the CCI may
be underestimated. However, replacing CCI with the individual
comorbidities measured from both the National Patient Register
and the Prescribed Drug Register (thus catching primary care) in
the models did not attenuate RR estimates further (not shown).

In conclusion, there was a distinct gradual decline in mortality for
both non-ICU treated and ICU treated hospitalised COVID-19 patients
during the first pandemic wave. Future studies are needed to address
and explain this decline. The changing COVID-19 mortality should be
considered when the management and results of studies from the
first pandemic wave are evaluated.
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