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ABSTRACT 

Background. While SARS-CoV-2 infection has direct obvious consequences on patients undergoing dialysis, the 
COVID-19 pandemic also had an indirect impact on health systems. Therefore, we aimed to determine whether the 
COVID-19 era itself was associated with adverse consequences in the Swiss dialysis population as compared to the 
pre-COVID-19 era, while accounting for direct impact of SARS-CoV-2 infection. 
Methods. We retrospectively included all patients recorded in the Swiss dialysis registry from January 2014 to December 
2022. The pre-COVID-19 era and the COVID-19 era were defined based on the cut-off date of January 2020. Cox 
proportional hazard model was used with all-cause mortality as the primary outcome. 
Results. The cohort consisted of 7837 patients from 97 dialysis centres. Median age was 68.6 years with 66.1% men. 
Crude mortality rates were 11.6% ( 11.0% to 12.2%) and 14.2% ( 13.4% to 14.9%) person-years for the pre-COVID-19 era and 
the COVID-19 era, respectively. In multivariable analysis, SARS-CoV-2 infection was associated with an increased risk of 
mortality ( HR 4.26, 95% CI 3.65 to 4.97, P < .001) while the COVID-19 era itself was not ( HR 0.98, 95% CI 0.88 to 1.08, 
P = .687) . 
Conclusions. The COVID-19 era was not associated with an excess of mortality in the Swiss dialysis population as 
compared to the pre-COVID-19 era when accounting for the direct effect of SARS-CoV-2 infection. This suggests that 
control measures established during the pandemic did not have a negative impact on dialysis patients at the national 
level. These results could inform health policy makers in the eventuality of future pandemics. 
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Conclusion: The COVID-19 era was not associated with an excess of mortality
in the Swiss dialysis population as compared to the pre-COVID-19 era when 
accounting for the direct effect of SARS-CoV-2 infection. 

Mortality associated with the COVID-19 pandemic in the
Swiss dialysis population beyond SARS-CoV-2 infection

Was the COVID-19 era associated with adverse consequences in the Swiss dialysis population as compared
to the pre-COVID-19 era, while accounting for direct impact of SARS-CoV-2 infection?

Methods Results

2014 – 2022
national registry

7,837 dialysis patients
from 97 centres

All-cause mortality
as primary outcome

Multivariable Cox model

Pre-COVID-19 era
(2014–2019)

Crude mortality rate (person-years)

COVID-19 era
(2020–2022)

11.6%
(11.0%–12.2%) 

14.2%
(13.4%–14.9%)

HR 4.26
95% CI 3.65–4.97, P < 0.001

HR 0.98
95% CI 0.88–1.08, P = 0.687

SARS-CoV-2 infection COVID-19 era

Keywords: control measures, COVID-19, dialysis, mortality, SARS-CoV-2 infection 
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KEY LEARNING POINTS 

What was known: 

• Chronic dialysis patients are vulnerable to Severe Acute Re
coronavirus disease 2019 ( COVID-19) .

• Beyond direct consequences of SARS-CoV-2 infection, the C
with a considerable decrease in overall care.

• The overall impact of the COVID-19 pandemic on the outc

This study adds: 

• Using a Swiss national registry over a 9-year time span, we
risk in dialysis patients.

• However, the COVID-19 era itself ( January 2020 to Decembe
to the pre-COVID-19 era ( January 2014 to December 2019) 

Potential impact: 

• This suggests that global control measures established du
nosis of dialysis patients at the national level.

• Those results could inform health policy makers and regu
equitable and appropriate care to patients requiring chron

NTRODUCTION 

he first case of Severe Acute Respiratory Syndrome Coron- 
virus 2 ( SARS-CoV-2) infection causing coronavirus disease 
tory Syndrome Coronavirus 2 ( SARS-CoV-2) infection causing 

-19 pandemic also imposed major strains on health systems 

s of the chronic dialysis population is largely unknown.

rm that SARS-CoV-2 infection markedly increased mortality 

) was not associated with an excess of mortality as compared 
 accounting for the direct effect of viral infection.

the COVID-19 pandemic did not negatively impact the prog- 

y agencies in the eventuality of future pandemics to provide 
alysis.

019 ( COVID-19) in Switzerland was confirmed on 24 Febru- 
ry 2020. The number of cases in the Swiss general population 
teeply increased thereafter with the Federal Council declaring 
 complete lockdown on 16 March 2020 [1 ]. Incidence rates of 
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onfirmed SARS-CoV-2 infection rose from 3.7 to 44.3 cases per
00 000 person-days in the Swiss general population during 
he first and second waves, respectively [1 ]. Numerous studies
orldwide have illustrated that chronic dialysis patients are at 

ncreased risk of severe COVID-19, thus translating into high fa-
ality rates [2 , 3 ]. Moreover, observational studies suggest a 4-fold
ncrease of mortality in this population as compared to dialysis-
ree patients, even after adjustment for clinical and demograph- 
cal confounders [4 ]. Overall, the proportion of SARS-CoV-2 in-
ection is estimated to range mostly from 5% to 50% and case
atality rate from 0% to 30% in the worldwide dialysis popula-
ion [5 –11 ]. Among the main reasons for this poor overall progno-
is are the high prevalence of comorbidities in dialysis patients
uch as cardiovascular diseases and immunocompromised sta- 
us [12 ]. Also, with many countries instituting nationwide lock-
own, dialysis patients represent a particularly vulnerable group 
ith increased exposure to potential viral transmission owing 
o frequent transportation to and from dialysis facilities as well
s regular contacts with other patients and health workers [13 ].
eyond direct consequences of SARS-CoV-2 infection, the 
OVID-19 pandemic also imposed major strains on global health 
ystems with a considerable decrease in overall care [14 ]. Con-
equently, the full impact of the pandemic probably goes much
eyond what is indicated by the sheer number of deaths caused
y SARS-CoV-2 infection alone [15 ]. Facing the pandemic, dialy-
is centres had to rapidly dedicate significant resources to infec-
ion control and prevention policies while maintaining essential 
outine care [16 ]. In this regard, a recent collaborative survey il-
ustrated that the COVID-19 pandemic had a wide-scale impact 
n dialysis centres worldwide with important variations in in- 
ection rates, resources allocations, and structural adaptations 
11 ]. 

While the direct impact of SARS-CoV-2 infection is now 

ell described both in Switzerland and around the globe, the
verall impact of the COVID-19 pandemic on the outcomes of
he chronic dialysis population is unknown [1 ]. Consequently,
e conducted the present study to determine whether the 
OVID-19 era itself was associated with an increased mortal- 
ty in the Swiss chronic dialysis population as compared to the
re-COVID-19 era, while accounting for the direct effect of SARS-
oV-2 infection. 

ATERIALS AND METHODS 

articipants and setting 

n Switzerland, all patients undergoing dialysis for at least 3
onths are captured in the Swiss Renal Registry and Qual-

ty Assessment Program ( SRRQAP) . This national registry has 
een established by the Swiss Society of Nephrology on a vol-
ntary basis since 2006 and on a legal obligation since 2013. The
RRQAP includes all medical establishments from Switzerland 
 both public and private) providing chronic peritoneal ( PD) or 
aemodialysis ( HD) treatment and consists in basic demograph- 
cal, clinical, and biological data. The registry is completed at
he beginning of each year by medical staff of respective dial-
sis centres with data collected during the previous elapsed cal-
ndar year. Data are input electronically in a central SecuTrial®

atabase common to all dialysis centres. In the present study,
e retrospectively included all incident patients recorded in the 
RRQAP who started dialysis from 1 of January 2014 to the 31
ecember 2022. No exclusion criteria were applied. As stated,
atients on dialysis for < 3 months were not considered. 
In Switzerland, dialysis centres rapidly implemented 
tructural-level policies in face of the COVID-19 pandemic.
uch measures were not reported in the SRRQAP. However,
uthors ( R.G., B.P., and P.A.) were active in the National Dialysis
egistry and National Dialysis Commission during the pan-
emic. Based on those information, implemented protocols 
hroughout dialysis centres in Switzerland mainly included 
he following measures: ( i) systematic screening of chronic 
ialysis patients for SARS-CoV-2 infection, ( ii) measurement of 
ody temperature before each dialysis session, ( iii) distancing 
etween dialysis stations of > 1 m, ( iv) systematic hand and
espiratory hygiene measures, ( v) use of full protective equip- 
ent when caring for patients with confirmed SARS-CoV-2

nfection, and ( vi) dedicated shifts for SARS-CoV-2 infected 
atients. 

ariables 

he COVID-19 era was defined as the period ranging from Jan-
ary 2020 to December 2022. The pre-COVID-19 era was de-
ned as the period ranging from January 2014 to December 2019.
ody mass index ( BMI) was calculated and expressed as kg/m2 .
he presence of diabetes and hypertension were defined on the
resence of related medications. Charlson comorbidity score 
as calculated according to its original definition [17 ]. Stan-
ard laboratory analyses were performed at respective dialy-
is centres or affiliated clinical laboratories on fresh samples.
 SARS-CoV-2 infection was defined as a positive reverse tran-
criptase polymerase chain reaction ( RT-PCR) test on a sample 
btained from the upper respiratory tract by nasopharyngeal or
ropharyngeal swab, regardless of the presence or absence of
ymptoms. 

tatistical analysis 

ontinuous variables are expressed as median and interquar-
ile range. Categorical variables are expressed as number and
elative frequencies ( %) . Baseline characteristics were compared 
etween patients starting dialysis during the pre-COVID-19 era
r during the COVID-19 era. Between-groups comparison was
onducted using a t -test as well as chi-square for continuous
nd categorical variables, respectively. We conducted survival 
nalyses with all-cause mortality as the primary outcome and
OVID-19 era as the main predictor. The last follow-up date
as the 31 of December 2022. For univariable analyses, we used
n extended Kaplan–Meier survival function. For multivariable 
nalyses, we used a time-varying multivariable Cox proportional
azard model. We adjusted for the following potential con-
ounders that were a priori specified: age, gender, BMI, Charl-
on comorbidity score, dialysis mode ( HD as opposed to PD) ,
ARS-CoV-2 infection, and SARS-CoV-2 vaccination [17 ]. COVID-
9 era, SARS-CoV-2 infection, and SARS-CoV-2 vaccination were
ime-dependent variables. SARS-CoV-2 infection was assumed 
o have an influence on the outcome of death during the 90
ays following a positive RT-PCR test as advocated by previ-
us studies [18 , 19 ]. Date of vaccination against SARS-CoV-2
as not reported in the national registry. Consequently, vacci-
ation against SARS-CoV-2, if administered, was considered to
ave taken place on the 19 of December 2020, when vaccination
rst became available in Switzerland. Patients transplanted dur-
ng follow-up were censored. Complete case analysis was con-
ucted. Proportional hazard assumption was tested using log–
og plots. P values < .05 were considered significant. Statistical
nalyses were conducted using R version 4.2.3. 
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Table 1: Baseline characteristics at dialysis initiation according 
to period of dialysis initiation ( pre-COVID-19 era as opposed to 
COVID-19 era) ( n = 7′ 837) . 

Pre-COVID-19 era 
( 2014–2019) 
( n = 5399) 

COVID-19 era 
( 2020–2022) 
( n = 2438) P value 

Age ( years) 68.4 ( 56.8–76.9) 69.3 ( 57.3–77.8) .058 
Gender ( men) 3578 ( 66.2%) 1604 ( 65.7%) .678 
BMI ( kg/m2 ) 25.3 ( 22.2–29.3) 25.5 ( 22.3–29.4) .192 
Ethnicity ( White) .380 
- White 4975 ( 92.8%) 2238 ( 91.8%) 
- African 142 ( 2.6%) 78 ( 3.3%) 
- Asian 170 ( 3.2%) 80 ( 3.3%) 
- Other 76 ( 1.4%) 42 ( 1.7%) 

Diabetes 1996 ( 36.9%) 906 ( 37.1%) .871 
Hypertension 4398 ( 81.5%) 2016 ( 82.7%) .072 
ESKD cause 
- Diabetes 1085 ( 20.1%) 471 ( 19.3%) .854 
- Vascular disease 1256 ( 23.2%) 579 ( 23.7%) 
- Glomerulonephritis 812 ( 15.0%) 374 ( 15.3%) 
- Other 2246 ( 41.6%) 1014 ( 41.5%) 

Charlson score 4 ( 2–5) 4 ( 2–5) .929 
Dialysis treatment ( HD) 4618 ( 85.6%) 2137 ( 87.6%) .014 
AVF 2278 ( 49.3%) 904 ( 42.3%) < .001 
Haemoglobin ( g/l) 109 ( 99–119) 109 ( 99–119) .698 
Calcium ( mmol/l) 2.21 ( 2.10–2.32) 2.21 ( 2.11–2.33) .390 
Phosphate ( mmol/l) 1.57 ( 1.30–1.89) 1.58 ( 1.30–1.93) .039 

Abbreviations: BMI, body mass index; ESKD, end-stage kidney disease. 
Bold values indicate P < .05. 
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Figure 1: Annual cause-specific mortality rates according to study periods 
( n = 7837) . 

Figure 2: Extended Kaplan–Meier survivor function for all-cause mortality ac- 

cording to study periods ( n = 7837) . 
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ll patients included after January 2021 in the SRRQAP provided 
nformed consent for their coded data to be used for quality con- 
rol and clinical research purposes. For patients included before 
he year 2021, use of their data was granted retrospectively by 
he local ethics committee of the canton of Zurich, Switzerland 
 KEK-ZH) ( number 2020-02401) based on article 34 HFG, which 
egulates handling of data obtained without consent and infor- 
ation. This study was approved by the local ethics committee 
f the canton of Zurich and performed according to the declara- 
ion of Helsinki. 

ESULTS 

aseline characteristics 

he entire cohort consisted of 7837 patients from 97 dialysis cen- 
res with 5399 ( 68.8%) starting dialysis during the pre-COVID-19 
ra ( January 2014 to December 2019) and 2438 ( 31.1%) starting 
uring the COVID-19 era ( January 2020 to December 2022) . Me- 
ian age was 68.6 ( 57.1–77.2) years with 5182 ( 66.1%) men. Base- 
ine characteristics of patients according to period of dialysis ini- 
iation are described in Table 1 . Compared to patients starting 
ialysis during the pre-COVID-19 era, those starting during the 
OVID-19 era were more likely to undergo HD ( as opposed to PD) ,
ess likely to bear an arteriovenous fistula ( AVF) , and had higher 
erum phosphate. Other baseline characteristics were similar 
etween groups. 

ollow-up description 

 schematic representation of the follow-up according to study 
eriods is provided in Supplementary Figure S1. Considering the 
hole cohort, the median follow-up time was 27 ( 12–47) months,
uring which 1570 ( 20.0%) patients received a kidney transplant 
nd 2767 ( 35.3%) patients died corresponding to a crude annual 
ortality rate of 12.8% ( 12.3% to 13.3%) person-years. During the 
re-COVID-19 era ( 2014–2019) , 1360 ( 25.2%) patients died corre- 
ponding to a crude annual mortality rate of 11.6% ( 11.0% to 
2.2%) person-years. Major causes of death were cardiovascular 
nd infection diseases with respective annual mortality rates of 
.5% and 2.0%. During the COVID-19 era ( 2020–2022) , 1836 ( 33.2%) 
atients had a SARS-CoV-2 infection with a case fatality rate of 
.7%. During this same period, 1407 ( 25.4%) patients died cor- 
esponding to a crude annual mortality rate of 14.2% ( 13.4% to 
4.9%) person-years. Major causes of death were cardiovascular 
nd infection diseases with respective annual mortality rates of 
.8% and 3.6%. The annual cause-specific mortality rate accord- 
ng to study periods is illustrated in Fig. 1 . 

ortality risk analysis 

xtended Kaplan–Meier survivor function allowing estimation 
f all-cause mortality according to time-varying covariable study 
eriods ( COVID-19 era as opposed to the pre-COVID-19 era) is il- 
ustrated in Fig. 2 . Results from the univariable as well as mul-
ivariable Cox model for all-cause mortality are presented in 
able 2 . In univariable analysis, SARS-CoV-2 infection, age,

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae322#supplementary-data
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Table 2: Cox model for all-cause mortality ( n = 7837) . 

Univariable analysis Multivariable analysis 

HR 95% CI P value HR 95% CI P value 

COVID-19 era ( as opposed to pre-COVID-19 era) 1 .07 0 .98 to 1.12 .119 0 .98 0 .88 to 1.08 .687 
SARS-CoV-2 infection 4 .16 3 .59 to 4.80 < .001 4 .26 3 .65 to 4.97 < .001 
SARS-CoV-2 vaccination 1 .04 0 .96 to 1.14 .334 0 .90 0 .80 to 1.00 .055 
Age ( years) 1 .05 1 .04 to 1.05 < .001 1 .04 1 .03 to 1.04 < .001 
Gender ( woman) 0 .89 0 .82 to 0.96 .003 0 .98 0 .90 to 1.06 .656 
BMI ( kg/m2 ) 0 .97 0 .97 to 0.98 < .001 0 .97 0 .96 to 0.97 < .001 
Charlson score 1 .23 1 .22 to 1.25 < .001 1 .19 1 .17 to 1.21 < .001 
HD treatment ( as opposed to PD treatment) 1 .13 1 .01 to 1.26 .041 0 .81 0 .72 to 0.92 .002 

Abbreviations: HR, hazard ratio; BMI, body mass index; HD, haemodialysis; PD, peritoneal dialysis. 
Bold values indicate P < .05. 

Figure 3: Hazard ratios of multivariable Cox survivor function for all-cause mor- 

tality ( n = 7837) . 
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harlson comorbidity score, and HD ( as opposed to PD) were 
ositively associated with mortality risk, whereas woman gen- 
er and BMI were negatively associated with mortality risk. The
OVID-19 era itself and SARS-CoV-2 vaccination were not as- 
ociated with mortality risk. In multivariable analysis adjust- 
ng for a priori specified confounders, SARS-CoV-2 infection, age,
nd Charlson comorbidity score were positively associated with 
ortality risk, whereas HD ( as opposed to PD) and BMI were neg-
tively associated with mortality risk. The COVID-19 era itself,
ARS-CoV-2 vaccination, and gender were not associated with 
ortality risk. Hazard ratios of multivariable Cox model for all-
ause mortality are illustrated in Fig. 3 . 

In sensitivity analysis, PD patients were excluded and 
he sub-group of 6632 patients on HD was considered. Re-
ults from the multivariable Cox model for all-cause mortal- 
ty further adjusted for the presence of AVF are presented in
upplementary Table 1. Results were similar to the main analy- 
is and the COVID-19 era itself was not associated with mortal-
ty risk. The presence of an AVF was negatively associated with
ortality risk. 

ISCUSSION 

n this study, we reported on the mortality of chronic dialy-
is patients in Switzerland over a 9-year time span, compar- 
ng the pre-COVID-19 era ( 2014 to 2019) to the COVID-19 era 
 2020 to 2022) . While SARS-CoV-2 infection markedly increased
ortality risk, the COVID-19 era itself was not associated with
n excess of mortality in this population as compared to the
re-COVID-19 era. These results provide new insights into the
verall impact of the COVID-19 pandemic on chronic dialysis pa-
ients at a national level and could be informative to health care
olicy makers in the eventuality of future pandemics. 
SARS-CoV-2 infection has major direct consequences on 

atients undergoing chronic dialysis. The International Society 
f Nephrology ( ISN) and the Dialysis Outcomes and Practice 
atterns Study ( DOPPS) collaborated to characterize those 
onsequences on a worldwide level [6 , 11 ]. Infection rates varied
onsiderably among participating countries, mirroring in part 
he infection burden in the general population [6 ]. In Western
urope, the proportion of SARS-CoV-2 infection among chronic
D patients mostly ranged between 5% to 30% [11 ]. In the
resent study, we observed a slightly higher proportion of cases
ith 33% of the Swiss chronic dialysis population positive for
ARS-CoV-2 infection at any time during the COVID-19 era.
oreover, we observed a case fatality rate of 9.7% in line with

ocal and worldwide previously published data [1 , 11 ]. This
onfirms the major vulnerability of dialysis patients in the
etting of the COVID-19 pandemic [4 , 12 , 13 ]. When comparing
ime periods before and during the COVID-19 pandemic, we
bserved a substantial 2.6% increase in overall mortality rates
rom 11.6% to 14.2% person-years. Infection-related mortality 
ates largely contributed to this phenomenon increasing from
.0% in the pre-COVID-19 era to 3.6% in the COVID-19 era. More
pecifically, SARS-CoV-2 infection was associated with a > 4-fold
ncrease in mortality independent of other predictors. Compa-
able results have been reported in a previous study including
6 chronic HD patients in two Spanish centres [18 ]. Finally, we
id not observe an association between vaccination against
ARS-CoV-2 and all-cause mortality in multivariable analysis.
owever, the diagnosis of SARS-CoV-2 infection was based on
 positive PCR test, regardless of the presence of symptoms.
oreover, the direct effect of SARS-CoV-2 infection on mortality
as also considered in our model. Consequently, one should not
onclude from our results that SARS-CoV-2 vaccination is overall
neffective. 

Beyond direct obvious consequences of SARS-CoV-2 infection 
n patients’ health, the COVID-19 pandemic had a major indirect
mpact on dialysis services posing a challenge to resource allo-
ation, infrastructure organization and overall health care [11 ].
onsequently, national organizations have issued guidelines on 
he conduct of in-centre HD treatment during the COVID-19
andemic [20 –22 , 23 ]. Among potential measures, a decrease

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae322#supplementary-data
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n dialysis frequency and/or duration ( i.e. incremental HD) has 
een suggested to decrease time at risk of infection in dialysis 
entres. This practice has been observed to be safe both in rou- 
ine clinical care as well as during the COVID-19 pandemic in 
elected cases [24 , 25 ]. However, such practice could also be as- 
ociated with poor outcomes when resources are limited [26 ].
oreover, adoption of social distancing of > 2 m in dialysis sta- 

ions as well as the implementation of isolation rooms and ded- 
cated shifts for infected patients might have resulted in a de- 
rease of total dialysis sessions provided by centres [27 ]. Missed 
D sessions have also been a challenge for most centres ow- 
ng to interruption of transportation services, disruption of HD 

hifts or avoidance of exposure to viral transmission [5 ]. Finally,
andemic conditions have put an unprecedented pressure on 
he nephrology workforce of HD centres with some regions re- 
orting more than half of their staff being infected with SARS- 
oV-2 [11 ]. In addition, remaining staff had to face redeployment 
n other clinical areas as well as the supplemental workload of 
roviding nephrology consult and dialysis treatment to patients 
ith acute kidney injury associated with SARS-CoV-2 infection 

28 , 29 ]. Outside nephrology, the COVID-19 pandemic was also 
ssociated with a decrease of about one-third in overall health- 
are use, affecting not only outpatient visits but also hospital ad- 
issions as well as diagnostic and therapeutic procedures [14 ].
his equally affected emergency, primary, and speciality care 
ith similar consequences for non-COVID-19 patients [30 , 31 ].
ltogether, those indirect consequences of the COVID-19 pan- 
emic might have affected dialysis patients care beyond direct 
ffects of the SARS-CoV-2 infection itself. While major reduc- 
ions in overall healthcare utilization have been observed dur- 
ng the COVID-19 pandemic, the impact of such constraints on 
hronic dialysis patients care is largely unknown [14 ]. Based on 
arge epidemiological datasets, it is usually accepted that the full 
mpact of the COVID-19 pandemic has been significantly greater 
han reported deaths attributed to SARS-CoV-2 infection alone 
15 ]. In the USA, it has been estimated that 84% of all-cause ex- 
ess mortality during the COVID-19 pandemic could be statis- 
ically attributed to the direct impact of SARS-CoV-2 infection,
hile the remaining proportion would represent indirect con- 
equences [32 ]. Similarly, cardiovascular mortality unrelated to 
ARS-CoV-2 infection was considerably in excess in Norway dur- 
ng 2020–2022 [33 ]. Conversely, fewer deaths than expected were 
eported in Switzerland during 2020–2022 once accounting for 
ortality directly caused by SARS-CoV-2 infection, suggesting 

ndirect positive effects of control measures [34 ]. In the present 
tudy, we observed that the COVID-19 era ( 2020 to 2022) per se 
as in fact not associated with an increased risk of mortality in 
hronic dialysis patients as compared to the pre-COVID-19 era 
 2014 to 2019) in Swiss dialysis centres once accounting for the 
irect effect of SARS-CoV-2 infection. We could thus not demon- 
trate a negative effect from the indirect consequences of the 
OVID-19 era or the control measures on the mortality of Swiss 
ialysis patients. This result could serve national policymakers 
n the guidance to dialysis centres in case of future pandemic 
azard. 
Among other considered variables, we observed that older 

ge, high Charlson comorbidity score as well as low BMI were as- 
ociated with an increased risk of mortality during the COVID-19 
andemic in the Swiss dialysis population [35 , 36 ]. Those factors 
re well-recognized prognostic parameters in this population 
nd our results are in agreement with those clinical associations 
t the national level. Finally, HD treatment ( as opposed to PD 

reatment) , was associated with increased mortality risk in uni- 
ariable analysis but decreased mortality risk in multivariable 
nalysis. This would suggest that the unfavourable prognosis as- 
ociated with HD treatment in this setting is mainly mediated by 
onfounding variables such as a higher risk of SARS-CoV-2 infec- 
ion and/or higher burden of comorbidity. Moreover, differences 
n SARS-CoV-2 screening strategies between HD and PD patients 
ight account for the apparent protective effect of HD treatment 
n all-cause mortality. It also must be noted that dialysis modal- 
ty was defined at treatment initiation and not updated during 
ollow-up. We believe, however, that readers should not overin- 
erpret this finding as treatment modality was integrated in our 
ultivariable analysis to adjust for potential cofounding effects 
n the primary outcome and not to infer conclusions on this 
pecific clinical parameter. Furthermore, it has previously been 
hown that home dialysis was associated with a lower burden 
f SARS-CoV-2 infection, hospitalization and mortality as com- 
ared to in-centre HD [37 ]. Finally, in sensitivity analysis consid- 
ring only HD patients, the presence of an AVF was associated 
ith a lower risk of mortality as compared to vascular access 
ith a catheter. This observation is in agreement with previous 
eports on this specific topic [38 ]. 

Readers must bear in mind certain limitations of our study.
ost important is the fact that data not routinely captured in the 
RRQAP registry could not be retrieved a posteriori. Specifically,
ate of vaccination against SARS-CoV-2 was not reported and 
ad to be imputed. Moreover, details on structural-level policies 
mplemented in each dialysis centre during the COVID-19 pan- 
emic were not available and could not be specifically taken into 
ccount in our analyses. We believe, however, that major factors 
nfluencing mortality were included in our multivariable anal- 
ses thus allowing for robust conclusions to be drawn. Finally,
n regard with the follow-up period, longer term consequences 
f the COVID-19 pandemic could not be excluded. Theoretically,
 detrimental impact of the pandemic on patients’ prognosis 
ight also have been obscured by a concomitant improvement 
f health care over time. The main strength of our study is repre-
ented by a large and unbiased sample of all patients undergoing 
ialysis at a national level over several years for which precise 
nd granular data were available. 

ONCLUSION 

sing a national registry over a 9-year time span, we confirm 

hat SARS-CoV-2 infection markedly increased mortality risk in 
wiss dialysis patients. However, the COVID-19 era itself ( January 
020 to December 2022) was not associated with an excess of 
ortality in this population as compared to the pre-COVID-19 
ra ( January 2014 to December 2019) when accounting for the 
irect effect of viral infection. This suggests that global control 
easures established during the COVID-19 pandemic did not 
egatively impact the prognosis of dialysis patients at the na- 
ional level. Those results could inform health policy makers 
nd regulatory agencies in the eventuality of future pandemics 
o provide equitable and appropriate care to patients requiring 
hronic dialysis. 
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