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ABSTRACT

Background. Patients on kidney replacement therapy (KRT) have been identified as a vulnerable group during the coronavirus disease
2019 (COVID-19) pandemic. This study reports the outcomes of COVID-19 in KRT patients in Sweden, a country where patients on KRT
were prioritized early in the vaccination campaign.

Methods. Patients on KRT between January 2019 and December 2021 in the Swedish Renal Registry were included. Data were linked
to national healthcare registries. The primary outcome was monthly all-cause mortality over 3 years of follow-up. The secondary
outcomes were monthly COVID-19-related deaths and hospitalizations. The results were compared with the general population using
standardized mortality ratios. The difference in risk for COVID-19-related outcomes between dialysis and kidney transplant recipients
(KTRs) was assessed in multivariable logistic regression models before and after vaccinations started.

Results. On 1 January 2020, there were 4097 patients on dialysis (median age 70 years) and 5905 KTRs (median age 58 years). Between
March 2020 and February 2021, mean all-cause mortality rates increased by 10% (from 720 to 804 deaths) and 22% (from 158 to 206
deaths) in dialysis and KTRs, respectively, compared with the same period in 2019. After vaccinations started, all-cause mortality rates
during the third wave (April 2021) returned to pre-COVID-19 mortality rates among dialysis patients, while mortality rates remained
increased among transplant recipients. Dialysis patients had a higher risk for COVID-19 hospitalizations and death before vaccinations
started {adjusted odds ratio [aOR] 2.1 [95% confidence interval (CI) 1.7-2.5]} but a lower risk after vaccination [aOR 0.5 (95% CI 0.4-0.7)]
compared with KTRs.

Conclusions. The COVID-19 pandemic in Sweden resulted in increased mortality and hospitalization rates among KRT patients. After
vaccinations started, a distinct reduction in hospitalization and mortality rates was observed among dialysis patients, but not in KTRs.
Early and prioritized vaccinations of KRT patients in Sweden probably saved many lives.
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GRAPHICAL ABSTRACT

NEPHROLOGY DIALYSIS

Outcomes of COVID-19
in patients with
kidney replacement therapy
in Sweden

Results of the first nationwide cohort study of

outcomes in dialysis and kidney transplant recipients
before and after vaccination for COVID-19

COVID-19 hospitalization or death for dialysis patients vs. KTR

Methods

Wi o4

4097 dialysis patients
5905 kidney transplant
recipients (KTR)

Adjusted OR (95% CI)

Pre-vaccine Post-vaccine
; 2.1 0.5
All-cause mortality (1.7-2.5) (0.4-0.7)

COVID-19 hospitalization
COVID-19 death
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NDT (2023)
@NDTSocial

This study adds:

compared with dialysis patients.

patients but increased for KTRs.

Potential impact:

new vaccinations.

¢ Dialysis patients and kidney transplant recipients have been identified as vulnerable groups for severe COVID-19.
e Nationwide reports of outcomes in dialysis patients and KTRs before and after vaccination for COVID-19 have been lacking.

» Mortality increased by 10% in dialysis patients and 22% in KTRs during the COVID-19 pandemic’s first year.

e After vaccinations for severe acute respiratory syndrome coronavirus 2 started, all-cause mortality rates among dialysis patients
rapidly decreased to pre-pandemic levels, while no immediate decline was seen in KTRs.

e During the 9 months following vaccination initiation, KTRs had a higher risk of COVID-19-related hospitalization and death

e Compared with the general population, the age and sex standardized mortality ratio for 2019-2021 remained stable for dialysis

e The study results indicate that early and prioritized vaccination of dialysis patients probably saved many lives in Sweden.
e The delayed response following vaccination in KTRs indicates that this group should be prioritized and followed up closely after

e Our results could help guide future healthcare planning if new virulent COVID-19 strains emerge.

The COVID-19 pandemic resulted in higher mortality rates in both dialysis

patients and KTR. Following vaccinations, COVID-19 mortality and
hospitalization rates decreased in dialysis patients, but not KTR.

KEY LEARNING POINTS

What was known:

INTRODUCTION

Patients on kidney replacement therapy (KRT) have been identi-
fied as a risk group for severe infection and mortality due to se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
virus that causes coronavirus disease 2019 (COVID-19) [1-3]. Swe-
den’ s first confirmed COVID-19 case was reported on 31 January
2020 [4], with the first wave of COVID-19 hospitalizations peaking
in April 2020, followed by the second wave peaking in December
2020-January 2021 and the third wave in April 2021 (Fig. 1) [5].

At the beginning of the pandemic, Sweden’s government and
health authorities had a different mitigation approach regard-
ing transmission of COVID-19 as compared with other countries
in Europe and did not comply with the recommendations from
the World Health Organization and the European Centre for Dis-
ease Prevention and Control. Whereas the neighbouring coun-
tries closed schools and workplaces, the Swedish policy was to
rely mostly on recommendations and voluntary restrictions to re-
duce transmission of the virus. There was no strict ‘lockdown’ and
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Figure 1: Incidence of new COVID-19 hospitalizations (grey dotted line) and COVID-19-related deaths (black line) in Sweden from January 2020 to
December 2022. Lines show the 7-day moving average. First COVID-19 wave peak is seen in April 2020, second wave peak in December 2020-January
2021 and third wave peak in April 2020. From data available at the Swedish National Board of Health and Welfare [5].

public transportation, restaurants, day care centres and primary
schools remained open [6]. However, distance learning for univer-
sity and high school students was introduced and many Swedes
followed the recommendations of working from home and avoid-
ing contact with people from outside the household. Recommen-
dations regarding the use of facemasks were introduced at the end
of 2020.

The vaccination campaign started in Sweden in January 2021
and initially octogenarians and people in nursing homes were pri-
oritized. Due to the high mortality rates among individuals with
advanced chronic kidney disease observed early in the pandemic,
dialysis patients were among the first risk groups to be vaccinated
in Sweden (March 2021), followed shortly thereafter by organ
transplant patients. For both groups, messenger RNA (mRNA) vac-
cines (BioNTech/Pfizer BNT162b2 or Moderna mRNA-1273) were
used, given in two doses 4 weeks apart. Generally, dialysis patients
were vaccinated at their dialysis unit and transplanted patients in
an outpatient setting. In September 2021, a third dose of vaccine
was recommended for both groups.

This study describes the evolution of all-cause mortality rates,
COVID-19-related mortality and hospitalization rates in patients
on KRT, with dialysis patients and kidney transplant recipients
(KTRs) analysed separately over the first 2 years of the pandemic
in Sweden (2020-2021) in the relation to the year before (2019).
We also investigated how mortality and hospitalization rates for
COVID-19 changed before and after the vaccination campaign
and compare the mortality among KRT patients with the general
Swedish population.

MATERIALS AND METHODS
Study population and setting

In our analyses, we included patients from the Swedish Renal Reg-
ister (SRR) who were on KRT [dialysis (haemodialysis or peritoneal
dialysis) or with kidney transplant] on 1 January 2019 or initiated
KRT during follow-up (until 30 November 2021). Patients were fol-
lowed until 31 December 2021 or death, whichever came first.
To describe the overall cohort characteristics, we used a cross-
sectional sample of the cohort who were alive on KRT on 1January
2020, ~1-2 months before the COVID-19 pandemic started.

In order to continuously reflect the population at risk, we used
a time-updated analysis for our description of KRT and general
population mortality. At the start of each month, KRT was up-
dated with data from the SRR and the patients were classified as
being on dialysis or with a working kidney transplant. For sim-

plicity, patients remained in their assigned modality until the end
of each month. For the comparison of outcomes before and af-
ter vaccination in dialysis and KTRs we instead used two cohorts:
all patients alive on KRT on 1 March 2020 with follow-up until 28
February 2021 and all patients alive on KRT on 1 March 2021 with
follow-up until 31 December 2021.

The SRR is a nationwide register with almost complete cover-
age (>97%) of patients with KRT [7]. Information was linked using
the personal Swedish national identification number to health-
care data sources at the National Board of Health and Welfare and
was then anonymized. Data were retrieved from the National Pa-
tient Register (diagnostic codes for specialized outpatient and in-
hospital care), the National Prescribed Drug Register (prescribed
and dispensed drugs from pharmacies) and the Cause of Death
Register (main and contributing causes of deaths). Data on the to-
tal population of Sweden, including monthly mortality rates, were
obtained from Statistics Sweden.

According to Swedish law, patients are informed about their
participation in the SRR and have the ability to opt out, but they
do not need to provide written consent for the specific research
project. The study was approved by the Ethical Review Commit-
tee in Stockholm (Dnr2018/1591-31/2, 2020-04778, 2021-00675).

COVID-19 hospitalization and mortality waves in Sweden were
illustrated using aggregated data from the National Board of
Health and Welfare [5] (Fig. 1).

Outcomes

The primary outcome was all-cause monthly mortality rates be-
tween January 2019 and December 2021 in patients on dialysis
or with a kidney transplant. Information on all-cause mortality
was obtained from the SRR records and enriched with informa-
tion from the Cause of Death Register. The secondary outcomes
were monthly COVID-19-related deaths and hospitalizations over
the same period. Hospitalization and death from COVID-19 was
defined as an International Classification for Diseases, Tenth
Revision (ICD-10) code for verified COVID-19 infection (U071)
as the main (hospitalization and death) or contributing (death)
diagnosis.

Variables

The SRR collects information on date and type of KRT, changes
between modalities and primary kidney disease. For the cross-
sectional analysis on 1 January 2020 we obtained information
on comorbidities from the National Patient Register. Medication
use was collected from the National Prescribed Drug Register. A
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patient was considered exposed to a drug if there was at least one
drug dispensation within 6 months prior. The ICD-10 codes and
Anatomical Therapeutic Chemical codes used for comorbidities
and medication are presented in Supplementary Table S1.

Statistical analysis

Descriptive statistics for continuous variables were calculated us-
ing median and interquartile range (IQR), while proportions were
used for categorical variables.

The crude overall mortality rate was computed every time-
updated month for dialysis and KTRs >18 years of age separately.
For each of the 36 months during follow-up we calculated the
number of deaths divided by the person-time represented by the
population at risk of death for that period (the number of peo-
ple in the group at the beginning of the month multiplied by the
number of days in the month). The crude overall mortality rate in
the Swedish population was estimated similarly, using data from
Statistics Sweden.

Using a similar methodology, we calculated the crude COVID-
19 mortality and hospitalization rates between January 2020 and
December 2021. In the analyses of hospitalization, we considered
a second hospitalization when the episodes were >90 days apart.

We performed indirect standardization (by age group, sex and
month) to estimate the expected mortality in the general popula-
tionifit had the rates of the dialysis and kidney transplant groups.
For this analysis we also included people <18 years of age in the
SRR in order to have comparable groups with the available ag-
gregated data from Statistics Sweden. Subsequently we computed
the standardized mortality ratios (SMRs) by KRT group compared
with the general Swedish population. The SMR describes whether
a specific population (in this case the KRT group) is more, less or
equally likely to die than a reference population.

We computed the mean unadjusted COVID-19 hospitalization
and death rates in dialysis patients and KTRs during the pe-
riod before (March 2020-February 2021) and after (March 2021-
December 2021) vaccinations were started and compared these to
the rates during the year 2019. We then used multivariable logistic
regression models to compare the odds of a (first) COVID-19 hospi-
talization or COVID-19 death during the two periods separately in
dialysis and kidney transplant patients, adjusting for age, sex, hy-
pertension, heart failure, chronic obstructive pulmonary disease
and diabetes.

All statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA). Figure 1 was made using Prism 9.0.0
(GraphPad Software, San Diego, CA, USA).

RESULTS

There were 10 002 patients alive on KRT in Sweden on
1 January 2020, of which 4097 were dialysis patients and 5905
were KTRs. Clinical characteristics are presented in Table 1. The
majority were men, 65.5% in the dialysis group and 63.9% in the
transplant group, and the median age was 70 years and 58 years,
respectively. The most common primary kidney disease for dialy-
sis patients was diabetic nephropathy (24.6%) and for KTRs it was
glomerulonephritis (32.2%). Patients on dialysis had a higher co-
morbidity burden (e.g. 36.8% had diabetes and 19.3% had previous
myocardial infarction) as compared with KTRs (30.0% and 8.8%,
respectively).

There were major differences in immunosuppression medica-
tion between the groups; 79.8% of the KTRs had at least one dis-
pensation of corticosteroids in the previous 6 months, compared

with 20.0% of the dialysis patients. A total of 61.2% of the KTRs
and 2.9% of the dialysis patients were on three or more immuno-
suppressants.

All-cause mortality

During the first two waves of the pandemic an immediate in-
crease in the monthly mortality rates was observed in both dial-
ysis patients and KTRs (Fig. 2). Between March 2020 and Febru-
ary 2021, a total of 804 dialysis patients died, compared with
720 the preceding year (March 2019-February 2020). This corre-
sponded to a 10% higher absolute mortality rate of 0.53/1000
patient-months, compared with the mean pre-pandemic mortal-
ity rate of 0.48/1000 patient-months, with a peak in mortality
rate of 0.62/1000 patient-months in April 2020. Among KTRs, 206
died between March 2020 and February 2021, compared with 158
deaths the year before. The mean mortality rate for KTRs thus
increased by 22%, from 0.07/1000 patient-months during 2019 to
0.09/1000 patient-months during March 2020-February 2021, with
a peak at 0.13/1000 patient-months in April 2020.

After vaccinations started for dialysis patients (around March
2021), mortality rates decreased and were substantially lower
(0.42/1000 patient-years) during the third wave of the pandemic
(April 2021) as compared with the first two waves. In fact, the ab-
solute mortality rates for dialysis patients remained lower than
the pre-pandemic mean mortality rate from vaccination start in
March 2021 until December 2021. On the other hand, for KTRs the
mortality rate during the third wave (0.11/1000 patient-months)
was higher than the mean mortality rate during the year preced-
ing the pandemic (0.07/1000 patient-months) (Fig. 2).

Hospitalization and COVID-19-related mortality

During the first two waves and before vaccinations started, dial-
ysis patients consistently had higher hospitalization rates com-
pared with KTRs (Fig. 3A). After vaccinations started, hospitaliza-
tion rates immediately decreased for dialysis patients, while they
remained high for KTRs and exceeded the hospitalization rates
for dialysis patients in April-May 2021 and during the autumn of
2021. Mortality rates for COVID-19 showed a similar pattern as
the hospitalization rates, with a marked increase in mortality for
dialysis patients during the first and second waves (Fig. 3B). In to-
tal, 160 dialysis patients and 64 KTRs died from COVID-19 in Swe-
den between March 2020 and December 2021. After vaccinations
were launched, a significant decrease in COVID-19-related mor-
tality was observed for dialysis patients, but not for KTRs. The ab-
solute COVID-19 mortality rates for KTRs even exceeded the rates
for dialysis patients in April 2021 and remained similar or slightly
higher during the rest of the follow-up.

Outcomes before and after vaccination

During the period before vaccinations started (March 2020-
February 2021) there were 134 COVID-19-related deaths in the
dialysis group (19% of all deaths in the dialysis group) and 34 in the
transplant group (17% of all deaths). After vaccinations started
(March 2021-December 2021) there were 20 COVID-19 deaths in
the dialysis group (4% of all deaths) and 32 deaths in the trans-
plant group (18% of all deaths). Multivariable adjusted logistic re-
gression comparing dialysis patients with KTRs over these two pe-
riods shows a higher risk of COVID-19 mortality or hospitalization
for dialysis patients before vaccinations started {odds ratio [OR]
2.1 [95% confidence interval (CI) 1.7-2.5]}. After vaccinations, the
dialysis patients had a lower risk for the combined endpoint [OR
0.5 (95% CI 0.4-0.7)] (Table 2).
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Table 1: Characteristics of dialysis patients and KTRs in Sweden before the COVID-19 pandemic (1 January 2020).
Dialysis patients KTRs
Characteristics Category (n= 4097) (n = 5905) P-value?
Age (years), median (IQR) 70 (58-77) 58 (47-67) <.0001
Age group (years), n (%) 18-38 205 (5.0) 757 (12.8) <.001
39-48 284 (6.9) 851 (14.4)
49-58 582 (14.2) 1418 (24.0)
59-68 819 (20.0) 1558 (26.4)
~68 2207 (53.9) 1321 (22.4)
Female, n (%) 1412 (34.5) 2134 (36.1) 08
Haemodialysis, n (%) 3215 (78.5)
Peritoneal dialysis, n (%) 882 (21.5)
Diseased donor (versus live donor), n (%) 3539 (59.9)
Pre-emptive, n (%) 1060 (17.9)
Years after transplantation, median (IQR) 8 (4-15)
Previous transplant, n (%) 550 (13.4)
Primary kidney disease, n (%)
Glomerulonephritis 651 (15.9) 1899 (32.2) <.001
Diabetic nephropathy 1007 (24.6) 767 (13.0)
Hypertensive/renovascular 787 (19.2) 349 (5.9)
Polycystic kidney 296 (7.2) 805 (13.6)
disease/hereditary
Pyelonephritis 164 (4.0) 218 (3.7)
Other specified kidney disease 802 (19.6) 1329 (22.5)
Unknown kidney disease 390 (9.5) 538 (9.1)
Years on dialysis,” median (IQR) 2 (0-4) 1(0-2) 9
Comorbidity, n (%) Hypertension 3947 (96.3) 5552 (94.0) <.0001
Stroke 543 (13.3) 430 (7. ) <.0001
Myocardial infarction 791 (19.3) 517 (8.8 <.0001
Heart failure 1293 (31.6) 524 (8. ) <.0001
Vascular disease 1571 (38.3) 1124 (19.0) <.0001
Chronic pulmonary/asthma 350 (8.5) 126 (2. ) <.0001
Rheumatoid arthritis 205 (5.0) 229 (3.9 .007
Diabetes mellitus 1508 (36.8) 1769 (30. O) <.0001
Cancer (except skin) 918 (22.5) 825 (14.1) <.0001
Skin tumours 547 (13.4) 1414 (24.2) <.0001
Venous thromboembolism 502 (12.3) 763 (12.9) 3
Fracture 1327 (32.4) 1760 (29.8) .006
Hospitalization for severe infection 620 (15.1) 567 (9.6) <.0001
in the previous 12 months
Urinary tract infection 305 (7.4) 647 (11.0) <.0001
Medication, n (%)
Immunosuppression Systemic corticosteroids 821 (20.0) 4713 (79.8) <.0001
Number of immunosuppressants .0001
<1 3724 (90.9) 311 (5.3)
2 257 (6.3) 1977 (33.5)
>3 116 (2.9) 3618 (61.2)
Antihypertensive RAAS inhibitors 1729 (42.2) 3195 (54.1) <.0001
Beta blocker 2863 (69.9) 3463 (58.6) <.0001
Calcium channel blocker 2164 (52.8) 2987 (50.6) .03
Alfa receptor antagonist 807 (19.7) 585 (9.9) <.0001
Diuretic 2522 (61.1) 1783 (30.2) <.0001
Number of antihypertensive drugs <.0001
0 446 (10.9) 812 (13.8)
1-2 1595 (38.9) 2942 (49.8)
3 976 (23.8) 1347 (22.8)
>4 1080 (26.3) 804 (13.6)
Oral anticoagulation 522 (12.7) 6781 (11.5) .07
Antiplatelet 1643 (40.1) 1639 (27.8) <.0001
Antidiabetic drugs Oral antidiabetic drugs 304 (67.4) 670 (11.3) <.0001
Insulin 1035 (25.3) 1021 (17.3) <.0001
Antidepressants 806 (19.7) 779 (13.2) <.0001
Lipid-lowering drugs 2101 (51.3) 3309 (56.0) <.0001
Proton pump inhibitor 2282 (55.7) 2947 (49.9) <.0001

@P-values from test for quantitative variable and chi-squared for qualitative variables.

YYears on dialysis for dialysis patients. For kidney transplanted patients, years on dialysis before they were transplanted.
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Figure 2: Monthly all-cause mortality rates for dialysis (line with circles) and KTRs (line with triangles) January 2019-December 2021. Dotted line
represents mean mortality for each group pre-COVID-19 (March 2019-February 2020).

All-cause mortality compared with the general
population

During the follow-up, all-cause mortality rates were consistently
higher among both KRT groups as compared with the general pop-
ulation (Fig. 4). The yearly standardized mortality ratio (SMR) for
dialysis patients was 7.19 (95% CI 6.67-7.72) in 2019, 7.15 (95% CI
6.65-7.65)1in 2020 and 7.07 (95% CI 6.54-7.59) in 2021, i.e. mortality
rates for dialysis patients compared with the general population
were not much affected during the pandemic. For KTRs, the yearly
SMR was 2.11 (95% CI 1.79-2.43) in 2019, 2.20 (95% CI 1.89-2.52) in
2020 and 2.47 (95% CI 2.11-2.82) in 2021, indicating that the mor-
tality rate for transplanted patients as compared with the mor-
tality rate of the general population increased during the period
2019-2021 (Fig. 4).

DISCUSSION

This study describes the health outcomes for all KRT patients in
Sweden during the first 2 years of the COVID-19 pandemic. Our
results show that dialysis patients displayed high hospitalization
and mortality rates during the first two waves of the pandemic,
with a rapid decline after the start of vaccination against SARS-
CoV-2. In KTRs, the hospitalization rates for COVID-19 were lower
than for dialysis patients and increased to a lesser extent during
the first two waves. However, during the third and the beginning of
the fourth waves the absolute hospitalization rates were similar
in both groups. The mortality rates due to COVID-19 remained el-
evated directly after the start of vaccinations among KTRs, while
it dropped rapidly in dialysis patients. A direct comparison be-
tween the dialysis and transplant groups indeed showed a higher
risk for COVID-19 death and hospitalizations for dialysis patients
before vaccination started, but after vaccinations the KTRs dis-
played a substantially higher risk (Table 2). Over the study period,
the SARS-CoV-2 strains dominating in Sweden were all of high
virulence (early strains, March 2020-February 2021; Alpha strain,
March 2020-February 2021; Delta strain, March 2021-December
2021) [8]. Both the Alpha strain and the Delta strain were associ-

ated with higher intensive care admission rates and 28-day mor-
tality rates compared with earlier strains, with the Delta strain
having more impact on unvaccinated patients compared with
previous variants [9-11]. The Omicron strain, reported to be less
virulent [10], became the dominant strain in Sweden in January
2022, which is later than the studied period. These observations
make us believe that the observed decline in mortality in dial-
ysis patients in spring 2021, after vaccinations were introduced,
was likely due to vaccination and not to less-virulent SARS-CoV-2
strains. In view of the fact that the Alpha and Delta variants were
even more contagious than the earlier strains [12, 13], the effect
of vaccination in dialysis patients cannot be overstated.

There are many ways in which a pandemic can influence health
outcomes, including testing capacity, community spread and re-
strictions. But other factors, such as healthcare organizations, ac-
cess to care and thresholds to seek care for other symptoms such
as chest pain, may also play a role. In this study we found that
COVID-19 affected dialysis patients and KTRs differently during
the first three waves of the pandemic in Sweden. There are several
possible reasons for the differences. The KTRs in our study were
both younger and healthier as compared with the dialysis pa-
tients. Age and comorbidities have been identified as risk factors
for severe COVID-19, also in KRT patients [14]. This may explain
why KTRs were not as often hospitalized for COVID-19 compared
with dialysis patients at the beginning of the pandemic. In an early
report of the pandemic in Swedish haemodialysis patients, age
>70 years, longer dialysis vintage, higher C-reactive protein and
male sex were associated with an increased risk of dying from
COVID-19 [15]. The high mortality during the first two waves may
also have influenced the results of our study. If the most vulner-
able and older patients died at the beginning of the pandemic, it
may have resulted in lower mortality rates in dialysis patients fol-
lowing the first two waves. Statistics from the SRR show that the
number of transitions between dialysis modalities were similar
in magnitude over the follow-up period and compared with be-
fore the pandemic [16], and although kidney transplantation fre-
quency declined, we do not believe that these changes had any-
thing but a marginal effect on our results.
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Figure 3: Monthly (A) hospitalization rates and (B) mortality rates for COVID-19 for patients on dialysis (line with circles) and KTRs (line with

triangles), January 2020-December 2021.

Table 2: Risk for COVID-19-related outcomes in dialysis patients as compared with KTRs in the period before (March 2020-February
2021) and after (March 2021-December 2021) SARS-CoV-2 vaccinations started.

Period before vaccination

Period after vaccination

Univariate model,

Multivariate model,

Univariate model, Multivariate model,

Outcome (95% CI) (95% CI) (95% CI) (95% CI)
COVID-19 death 5.9 (4.0-8.6) 3.1(2.0-4.7) 0.9 (0.5-1.6) 0.5 (0.3-0.9)
COVID-19 death or hospitalization 2.5 (2.1-2.9) 2.1 (1.7-2.5) 0.6 (0.5-0.8) 0.5 (0.4-0.7)

Multivariate model adjusted for age, sex, hypertension, heart failure, chronic obstructive pulmonary disease and diabetes.

On the other hand, KTRs are treated with immunosuppres-
sants, which makes them more susceptible to infections [17].
About one in five dialysis patients in our cohort had at least one
dispensation of corticosteroids, which is a rather high prevalence.
It is likely that many of these patients only used these drugs tem-
porarily since the majority did not have systemic inflammatory
diseases or were previously kidney transplanted. An early Euro-
pean study during the pandemic reported a 28-day mortality rate
of 21% in KTRs, being only slightly lower than the mortality rate of
25% in dialysis patients despite the former being younger (mean
age 60 + 13 and 67 + 14 years, respectively) [18]. The first Swedish
study of the first wave reported that KTRs had a 9.3% 30-day all-
cause mortality rate after SARS-CoV-2 infection [19]. Furthermore,
immunosuppression reduces the vaccine antibody response and
non-response after two doses of SARS-CoV-2 vaccine has been re-
ported in 21-98% of KTRs [20-23]. In addition, in 2021 the more

contagious strains of the SARS-CoV-2 virus, the Alpha and Delta
strains, became dominant in Sweden. The combination of a lower
vaccination response rate, more contagious strains and possibly
a slower vaccination campaign in KTRs could be the reason why
KTRs surpassed dialysis patients in our study in both COVID-19
hospitalization and mortality rates in April/May 2021, just after
the vaccinations started [24-26].

Another factor that likely contributed was differences regard-
ing the exposure to SARS-CoV2. Most of the haemodialysis pa-
tients in Sweden undergo intermittent dialysis at a dialysis unit
and are thus not able to isolate [27]. On the other hand, trans-
plant recipients were informed to strictly isolate from people out-
side the household and work from home. From August 2020, KTRs
could collect a reimbursement provided by the state to compen-
sate for loss of income if working from home was not possible.
This voluntary isolation, resulting in lower infection rates, could
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Figure 4: Direct standardized mortality ratio in dialysis patients (line with circles) and KTRs (line with triangles) compared with the general Swedish

population, January 2019-December 2021.

have contributed to the relatively low number of KTRs hospital-
ized for COVID-19 in Sweden.

Even though KTRs had a relatively low absolute COVID-19 mor-
tality, it is noteworthy that the relative increase in all-cause mor-
tality during the pandemic was higher in transplant recipients
than in dialysis patients; the mortality rates increased by 10%
among dialysis patients and by 22% among KTRs during the pan-
demic’s first year.

Another Swedish study found an overall excess mortality of
30% among KTRs and 9% among dialysis patients (compared with
8% in the general population) between March 2020 and March
2021 [28]. A registry study from the US reported an even greater
impact on mortality rates, with an 41% increase above the ex-
pected number of deaths among KTRs during the same period
[29]. Among KRT patients in Madrid, Spain, a 35% higher mortality
was found in 2020 as compared with before the pandemic [30]. The
European Renal Registry reported a 28-day COVID-19-attributable
mortality rate of ~20% for both dialysis and transplant recipients
[14]. During the second wave the 28-day mortality was slightly
lower (19% and 13%, respectively) [31]. The protective effect of vac-
cination in the dialysis group observed in our study has also been
reported from other dialysis cohorts and further strengthens the
rationale for recommending vaccination in this vulnerable group
[32-34].

Interestingly, compared with the general population, the SMR
for patients on KRT did not display distinct peaks during the first
and second waves. Overall, mortality rates were always substan-
tially higher than in the general population, especially for those
on dialysis. But, in the monthly standardized comparison, the re-
lationship between the general population and dialysis patients
remained stable or even declined slightly (SMR 7.19 for 2019, 7.15
for 2020 and 7.07 for 2021). The relative decline in the SMR indi-
cates a higher mortality than usual in the general population in
the same age groups. Possible explanations could be a high com-
munity dissemination giving rise to high mortality rates in care
homes of vulnerable older adults in the first wave, earlier vac-
cinations/higher vaccination rates among dialysis patients than
the general population, regular healthcare contacts at the dial-
ysis unit regarding other diseases (while the general population
may have avoided healthcare contacts) and earlier diagnosis (and
treatment) of COVID-19 [35, 36]. In KTRs however, the SMR in-

creased to a higher baseline level throughout the follow-up, as
well as after vaccinations were introduced (SMR 2.11 in 2019, 2.20
in 2020 and 2.47 in 2021).

During the COVID-19 pandemic, Sweden had a policy based on
voluntary restrictions, unlike most other European countries [6].
Nevertheless, in relation to the period before the pandemic, out-
comes in the KRT patients in the present study were in general
comparable to outcomes reported from other countries [29, 30, 37,
38]. It is possible that the spread of the infection may have been
too rapid to control among at-risk populations, considering the
large outbreak in the community during the first two waves [39].
On the other hand, positive effects of early strict lockdown dur-
ing the first wave have been reported from Austria, where only 10
of 5512 KTRs were diagnosed with SARS-CoV-2 [40]. The Swedish
approach could thus have impacted the results during the early
phase of the pandemic. A similar outbreak in a country with less-
developed or accessible healthcare might have resulted in higher
mortality rates and outcomes may also have differed without the
rapid vaccination campaign prioritizing risk groups.

The major strength of this study is the inclusion of a nation-
wide cohort of KRT patients and complete follow-up without
losses due to the complete coverage of healthcare registries in
Sweden. This study is the first nationwide report of outcomes in
KRT patients before and after vaccination for COVID-19. Another
strength of our study is that all-cause mortality during the
pandemic is reported along with COVID-19 mortality and hospi-
talization rates. The pandemic affected the healthcare system on
many different levels and all-cause mortality reflects the pan-
demic’s overall impact on KRT patients. Also, COVID-19 may have
gone undiagnosed, especially in the beginning of the pandemic
when testing capacity was lower, and although few patients in
our study died of COVID-19 outside of a hospital, this might
have influenced COVID-19 outcomes, but not all-cause mortality.
Another strength is the analysis of the SMR, which considers
the influence of the pandemic in the underlying population.
There were some limitations. We did not have data on COVID-19
hospitalization rates in the general population nor information
on positive test results or individual vaccinations. Vaccination
coverage in Sweden for SARS-CoV-2 is overall high, with 86.1% of
the adult population having received two doses of vaccine. One
might assume that at-risk populations (such as KRT patients)
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prioritized for vaccination early during the vaccination campaign
probably had an even higher vaccination rate. Thus, differences in
vaccine coverage could have impacted our results, especially the
SMR, where comparisons with the general population are made.

In conclusion, the COVID-19 pandemic in Sweden resulted in
increased mortality and hospitalization rates among KRT pa-
tients. Both absolute and relative mortality rates were substan-
tially higher in dialysis patients during the first two COVID-19
waves compared with transplanted patients. Following the vac-
cine rollout, there was a distinct reduction in hospitalization and
mortality rates among dialysis patients that was not reflected
among the KTRs, who at this time surpassed the dialysis patients
in COVID-19 mortality and hospitalization rates. Compared with
the general population in Sweden, the monthly SMRs were sev-
eral times higher but relatively stable in dialysis patients during
the follow-up period. In contrast, the SMR for KTRs showed an in-
creasing trend. These results could help guide future healthcare
planning if new virulent SARS-CoV-2 strains emerge.
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