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ABSTRACT 

Background. Current knowledge about risk factors for severe COVID-19 among kidney transplant recipients stem from 

meta-analyses of small or regional studies. 
Methods. All kidney transplant recipients in Sweden as of 1 January 2020 ( n = 5824) were followed during the first 
2 years of the pandemic. Data from the Swedish Renal Registry and linked health care registries were analyzed by 
multivariable adjusted logistic regression to identify risk factors for severe COVID-19, defined as hospitalization or death 

due to COVID-19. 
Results. Male sex increased the risk of severe COVID-19. While many comorbidities were associated with increased risk, 
their significance diminished after adjustment for other factors. Kidney transplant recipients of working age, 49–58 years 
adjusted odds ratio ( aOR) 2.32 ( 95% CI 1.53–3.51) and 59–68 years aOR ( 1.92; 1.26–2.91) had the highest risk compared to 
the youngest age group ( 18–38 years) . Compared to recently ( < 1 year) transplanted patients, those transplanted > 5 years 
ago had a lower risk of severe COVID-19 ( aOR 0.52; 0.36–0.75 for 6–10 years; aOR 0.57; 0.41–0.79 for > 10 years) . Longer 
pre-transplant dialysis vintage ( aOR1-year 1.04; 1.01–1.06) and deceased donor kidneys ( aOR 1.41; 1.09–1.84) increased the 
risk. Immunosuppression with mycophenolate mofetil ( aOR 1.47, 95% CI 1.08–1.99) and proton pump inhibitor use ( aOR 
1.58, 95% CI 1.24–2.01) were strongly associated with severe COVID-19. 
Conclusions. While kidney transplant recipients share risk factors with the general population, working age groups 
were at the highest risk, unlike in the general population. These findings emphasize the need for targeted prevention 

and treatment strategies for kidney transplant recipients in future pandemics. 
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KEY LEARNING POINTS 

What was known: 

• COVID-19 presents higher mortality and morbidity rates in kidney transplant recipients than in the general population.
• Kidney transplant recipients are vulnerable to COVID-19 due to their ongoing immunosuppressive therapy, impaired vaccine 

response, and presence of comorbidities.
• Data on risk factors for COVID-19 in kidney transplant recipients derive from small or regional cohort studies.

This study adds: 

• Our study addresses a critical gap by analyzing COVID-19 risk factors among kidney transplant recipients nationally, utiliz- 
ing comprehensive data from the Swedish Renal Registry, which covers > 97% of patients undergoing kidney replacement 
therapy in Sweden.

• Kidney transplant recipients of working age ( 49–68 years) had higher risk for severe COVID-19 infection than patients of both 
higher and lower ages, a trend possibly shaped by Sweden’s distinct public health strategies during the pandemic.

• Apart from transplantation-related factors ( donor type, kidney transplant, and dialysis vintage, immunosuppression) , we 
found a strong risk relation between the use of proton pump inhibitors and severe COVID-19.

Potential impact: 

• Our findings offer critical insights for improving the management of kidney transplant recipients in face of future health 
crises.

• Our study underscores the need for further research on kidney transplant recipients and the observed association between 
proton pump inhibitor use and increased risk of severe COVID-19.
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NTRODUCTION 

he coronavirus disease 2019 ( COVID-19) pandemic caused by 
he highly contagious severe acute respiratory syndrome coro- 
avirus 2 ( SARS-CoV-2) has led to unprecedented challenges 
o healthcare systems worldwide. The pandemic rapidly dis- 
eminated throughout the world after the first reported case 
f COVID-19 in Wuhan, China, in late December 2019, leading 
he World Health Organization ( WHO) to declare it a global pan- 
emic on 11 March 2020 [1 ]. As of April 2024, the pandemic has 
aused > 770 million infections and 7 million confirmed deaths 
2 ], making it one of the deadliest pandemics in history [3 ]. Since 
he initial phase, substantial progress in clinical research has 
ed to a better understanding of SARS-CoV-2, and multiple med- 
cal therapies to treat the disease have emerged [4 –6 ]. The in- 
roduction of COVID-19 vaccines in 2021 and booster vaccine 
rograms have influenced the COVID-19 pandemic, reducing 
ospitalizations and altering the course of SARS-CoV-2 infec- 
ion [7 ]. The WHO declared an end to the COVID-19 public health 
mergency in May 2023 [8 ]. Nevertheless, immunocompromised 
idney transplant recipients ( KTRs) are still at high risk of devel- 
ping severe COVID-19 [9 , 10 ], partly due to an impaired vaccine 
esponse in many of these patients [11 ]. 

KTRs are vulnerable to infections due to their ongoing im- 
unosuppressive therapy, presence of other comorbidities, and 

n some cases impaired kidney function. Although previous 
tudies have suggested risk factors for severe COVID-19 among 
TRs [12 ], there are limited data on risk factors and outcomes of 
OVID-19 in KTRs at a national level, where regional or center- 
elated factors play a lesser role. Risk factor identification is 
mportant in this population since the risk factors for severe 
nfection may be different from the general population. Identify- 
ng modifiable risk factors that increase the susceptibility to se- 
ere COVID-19 can help target prevention and treatment strate- 
ies, thus improving future outcomes in this population. In this 
tudy, we aimed to investigate risk factors for severe COVID- 
9 by analyzing retrospective data on COVID-19 outcomes, as 
ell as demographic, clinical, and drug-related risk factors for 
ospitalizations and deaths attributed to COVID-19, in a nation- 
ide cohort of all Swedish KTRs during the first 2 years of the
andemic. 

ATERIALS AND METHODS 

tudy design and population 

e included all living adult KTRs with a functioning renal graft 
nrolled in the Swedish Renal Registry ( SRR) between 1 January 
020 and 31 December 2021, and analyzed risk factors for hos- 
italization and mortality due COVID-19 among all those who 
ere alive on 1 January 2020 ( n = 5824) . The SRR is a nation-
ide registry, with almost complete coverage ( > 97%) of patients 
ith kidney replacement therapy since 1991 in Sweden, includ- 

ng KTRs [13 ]. Data from the SRR was linked to other healthcare
ata sources at the National Board of Health and Welfare us- 
ng the Swedish personal identification number and was then 
nonymized. The data sources used for this linkage were the Na- 
ional Patient Register [International Classification of Diseases 
0th revision ( ICD-10) codes, dates for specialized out-patient 
nd all in-hospital care]; the National Prescribed Drug Register 
 all prescribed and dispensed drugs from Swedish pharmacies) ; 
nd the National Cause of Death Register ( main and contribut- 
ng causes of deaths) [14 ]. Individual consent is not necessary 
ccording to the Swedish regulations, but all patients were in- 
ormed about their participation in the SRR and had the possi- 
ility to opt out. The study adheres to the Declaration of Helsinki
nd was approved by the Ethical Review Committee in Stock- 
olm ( Dnr 2018/1591-31/2, 2020-04778, 2021-00675) . 

utcomes 

he main outcome was COVID-19 related death or hospitaliza- 
ion due to COVID-19, hereafter defined as ‘severe COVID-19’. All 
ause-mortality and death or hospitalization from other causes 
han COVID-19 were not examined. Information on COVID-19 
ortality was obtained from the National Cause of Death Reg- 

ster and defined as a laboratory-verified diagnosis of COVID-19 
s the main or contributing cause of death ( ICD-10 code U071) .
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OVID-19 related hospitalization was defined similarly using the 
CD-10 code U071 as the main diagnosis in the National Patient
egister. A grace period of 90 days was applied between two hos-
italization periods for the computation of hospitalization rates.

ariables 

he SRR collects information on date and type of kidney
ransplantation, clinical characteristics, primary kidney dis- 
ase, and changes between kidney replacement therapy modal- 
ties. Comorbidity history at baseline included hypertension,
erebrovascular disease, coronary artery disease, heart failure,
hronic obstructive pulmonary disease ( COPD) , connective tis- 
ue disorder, diabetes mellitus, hematological cancer, solid or- 
an cancer, hospitalization for severe infection within the past 
2 months, and kidney transplant rejection within the past 12
onths. The comorbidities were defined by any prior ICD-10 
ode for the specific condition in the National Patient Registry,
nd information on drug use was obtained from the National
rescribed Drug Registry. A patient was considered to use a spe-
ific drug if he or she had at least one drug dispensation from
 pharmacy within 6 months preceding the baseline. The ICD-
0 codes and anatomic therapeutic chemical codes used for 
lassification of comorbidities and current medications are pre- 
ented in Supplementary Table 1. Abbreviations are listed in 
upplementary Material 2. 

tatistical analysis 

or descriptive purposes, the follow-up period was divided 
nto four semestral periods 1 January 2020, until 30 June 2020
 first wave) , 1 July 2020, until 31 December 2020 ( second wave) ,
 January 2021, until 30 June 2021 ( third wave) , and 1 July
021, until 31 December 2021 ( fourth wave, after first two 
accinations) . In the descriptive analysis, we constructed four 
ifferent cohorts; each cohort consisted of all KTR alive with a
unctioning kidney graft at the start of the period ( thus account- 
ng also for incident KTR and graft losses during the follow-up) .
or the analyses of risk factors associated with severe COVID-19,
e instead used the defined KTR cohort alive with a functioning
raft on 1 January 2020. Patients were followed from inclusion
ntil either death, start of dialysis, or end of follow-up ( 31 De-
ember 2021) , whichever occurred first. 

The characteristics of the KTR population as per 1 January
020, were described using descriptive statistics. For continuous 
ariables, median and interquartile range ( IQR) were used, while 
roportions were used for categorical variables. We then com- 
uted the crude COVID-19 related hospitalization and mortality 
ates, as well as the absolute cumulative incidence of COVID-
9 related hospitalization and mortality, over each follow-up 
eriod. 
The association models and criteria were determined based 

n literature and clinical expertise. Associations between our a 
riori decided risk factors and the primary outcome were an-
lyzed using binary logistic regression. The linear assumption 
or continuous variables was investigated through spline mod- 
ls and found to be satisfactorily met for our investigated ex-
osures. Subsequently, multivariable analyses were undertaken,
djusting for covariates that were suspected or known con- 
ounders ( age, sex, primary kidney disease, COPD, heart failure,
ypertension, diabetes mellitus, cardiovascular disease, proton 
ump inhibitor, antiplatelet therapy, hospitalization for severe 
nfection in the previous 12 months, and number of years since
idney transplantation) for the risk association investigated. We 
hen further adjusted for dialysis vintage and donor type, when
ppropriate. 

Each risk factor was assessed independently, since con-
ounders could have influenced the risk factors differently; thus,
eparate models were used for the adjustments as was deemed
ppropriate and specified in Table 3 for each analysis. Finally,
n unadjusted sensitivity analysis was performed using the co-
ort of the fourth semestral period for the most important risk
actors to evaluate the potential impact of vaccination on the
isk associations ( Supplementary Table 3) . There was no missing 
ata and all statistical analyses were thus performed on com-
lete cases using SAS software version 9.4. 

ESULTS 

emographics and clinical characteristics 

he main study cohort included 5824 prevalent KTRs who were
live with a functioning graft on 1 January 2020. The character-
stics of this cohort at inclusion are presented in Table 1 . Their
edian age was 58 years, 64% were men, 18% had received a pre-
mptive kidney transplantation, and 40% a living-donor-kidney 
ransplant. The median time from transplantation was 7 years
nd for those patients who had previously undergone dialysis,
he median dialysis vintage was 1 year. The most common pri-
ary kidney diseases were glomerulonephritis ( 37%) , polycystic 
idney disease or hereditary kidney disease ( 20%) , and diabetic
ephropathy ( 13%) while the most prevalent comorbidity was 
ypertension ( 95%) , followed by diabetes mellitus ( 30%) . 
Maintenance immunotherapy consisted of corticosteroids 

n 81% of patients, calcineurin inhibitors in 95% ( tacrolimus
9% and ciclosporin 16%) , and mycophenolate mofetil ( MMF) in 
3%. Almost two thirds ( 61%) of the cohort were treated with
hree immunosuppressants as maintenance therapy, while ap- 
roximately one third ( 34%) were on two immunosuppressants.
he most frequently used drugs, other than immunosuppres-
ants, were betablockers ( 60%) , statins ( 57%) , renin–angiotensin–
ldosterone system inhibitors ( 56%) , calcium channel blockers 
 51%) , and proton pump inhibitors ( PPI) ( 51%) . 

ovid-19 related outcomes over the first two pandemic 
ears 

he follow-up period was divided into 6-month intervals for de-
criptive purposes. At the beginning of each semestral period,
e defined a new cohort of KTR alive with a functioning graft.
uring the following semestral periods, there were 5856 ( 1 July
ntil 31 December 2020) , 5916 ( 1 January 2021, until 30 June 2021) ,
nd 5959 ( 1 July 2021, until 31 December 2021) KTRs, respectively.
able 2 shows the cumulative incidence of hospitalizations and
eaths due to COVID-19 per each semestral period among the
TRs in Sweden. Over the entire 2-year follow-up period, 385
TRs were hospitalized due to COVID-19, 10 of these patients
wice, with a total of 395 hospitalization events. The hospital-
zation rates during the first and second semester were 0.76
nd 0.77/10 000 person-years, respectively, peaking at a rate of
.58/10 000 person-years in the third semester. 

During the entire study period, 64 KTRs died due to
OVID-19, seven of whom died without having been admitted
o hospital. The semestral cumulative incidence of COVID-19
eaths was highest in the third semester ( 0.5%) with a mortality
ate of 0.29/10 000 person-years, followed by the first semester
 0.3%) . The COVID-19 mortality rate during the fourth semester
 0.08/10 000 person-years) , following two COVID-19 vaccinations,

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf030#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf030#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf030#supplementary-data
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Table 1: Baseline characteristics of KTRs in Sweden at the start of the COVID-19 pandemic ( 1 January 2020) . 

Characteristics Category 
Number ( %) 
Median ( IQR) 

Total number 5824 ( 100) 
Men 3718 ( 64) 
Age, years ( median, IQR) 58 ( 47–67) 

18–38 740 ( 13) 
39–48 832 ( 14) 
49–58 1403 ( 24) 
59–68 1543 ( 27) 
> 68 1306 ( 22) 

Preemptive transplant 1045 ( 18) 
Primary kidney disease 

Glomerulonephritis 2123 ( 37) 
Diabetic nephropathy 759 ( 13) 
Hypertensive/renovascular 442 ( 8) 
Polycystic kidney disease/hereditary 1169 ( 20) 
Tubulointerstitial disease 674 ( 12) 
Other specified kidney disease 74 ( 1) 
Unknown kidney disease 583 ( 10) 

Years since kidney transplantation ( median, IQR) 7 ( 3–14) 
align = "center" ≤1 844 ( 15) 
align = "center"2–5 1488 ( 26) 
align = "center"6–10 1384 ( 24) 
align = "center" ≥10 2108 ( 36) 

Years on dialysis before kidney transplant, ( median, IQR) 1 ( 0–3) 
Comorbidity Hypertension 5513 ( 95) 

Cerebrovascular disease 430 ( 7) 
Coronary artery disease 514 ( 9) 
Heart failure 519 ( 9) 
COPD 124 ( 2) 
Connective tissue disorder 228 ( 4) 
Diabetes mellitus 1756 ( 30) 
Hematological cancer 127 ( 2) 
Solid organ cancer 575 ( 10) 
Hospitalization for severe infection previous 12 months 568 ( 10) 
Kidney transplant rejection previous 12 months 8 ( 0.1) 

Current medication 
Immunosuppression Systemic corticosteroids 4713 ( 81) 

Cyclosporine 905 ( 16) 
Tacrolimus 4601 ( 79) 
Mycophenolate mofetil 4246 ( 73) 
Azathioprine 357 ( 6) 
Everolimus 263 ( 5) 
Sirolimus 33 ( 0.6) 
Number of immunosuppressants 

≤1 211 ( 4) 
2 1985 ( 34) 

3–4 3627 ( 62) 
Antihypertensive treatment Renin–angiotensin–aldosterone inhibitors 3195 ( 56) 

Betablocker 3463 ( 60) 
Calcium channel blocker 2987 ( 51) 
Alfa receptor antagonist 585 ( 10) 
Diuretic 1783 ( 30) 
Number of antihypertensives 

0 731 ( 13) 
1–2 2942 ( 51) 
3 1347 ( 23) 

4–5 804 ( 14) 
Anticoagulation Antiplatelet inhibitor 1639 ( 28) 

Warfarin/DOAC 681 ( 12) 
Antidiabetic drugs Blood glucose lowering drugs, excluding insulins 670 ( 12) 

Insulin 1021 ( 18) 
Antidepressant 779 ( 13) 
Statin 3309 ( 57) 
Proton pump inhibitor 2947 ( 51) 
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Table 2: Semestral mortality and hospitalization due to COVID-19 among KTRs in Sweden. 

Period 

COVID-19 
hospitalizations 

( number, %) 

Hospitalization rate 
( per 10 000 

person-years) 
COVID-19 mortality 

( number, %) 
Mortality rate per 

10 000 person-years 

1 January 2020–30 June 2020 80 ( 1.4) 0.76 15 ( 0.3) 0.14 
1 July 2020–31 December 2020 82 ( 1.4) 0.77 9 ( 0.2) 0.08 
1 January 2021–30 Jun 2021 161 ( 2.7) 1.58 31( 0.5) 0.29 
1 July 2021–31 December 2021 72 ( 1.2) 0.69 9 ( 0.2) 0.08 

Number of people re-hospitalized in the period between 2020 and 2021, n = 10 ( 2 in the second semester, 3 in the third semester, 5 in the fourth semester) . 
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as similar to the second semester ( 0.08/10 000 person-years) 
efore any vaccines were available. 

isk factors for severe COVID-19 

emographic risk factors and comorbidity 

omen had a lower risk of severe COVID-19 in both the un-
djusted and adjusted analyses [adjusted odds ratio ( aOR) 0.74,
5% confidence interval ( CI) 0.59–0.92] ( Table 3 ) . Our results did 
ot suggest an association between increasing age and risk of
evere COVID-19. However, compared to those aged 18–38 years,
e found that KTRs between 49 and 68 years were at higher risk,
ith the highest point estimate for patients aged 49–58 years

 aOR 2.32, 95% CI 1.53–3.51) . When investigating the risk in rela-
ion to the primary kidney disease, we found that as compared
o patients with glomerulonephritis, those with hypertensive or 
enovascular kidney disease ( aOR 1.57, 95% CI 1.03–2.40) had an 
ncreased risk of severe COVID-19, whereas the risk associated 
ith diabetic nephropathy dropped below significance level af- 
er the adjustment for dialysis vintage and donor type. As for
ther concomitant comorbidities, our results identified hyper- 
ension, heart failure, COPD, and diabetes mellitus as risk factors
n the unadjusted, but not in the multivariable adjusted mod-
ls. Patients with a history of hospitalization for severe infection
uring the previous 12 months also had an increased risk for se-
ere COVID-19 ( aOR 1.59, 95% CI 1.15–2.19) . 

idney transplantation-related risk factors 

e identified several kidney transplantation-related factors that 
ere associated with an increased risk of severe COVID-19 

 Table 3 ) . A KTR with a deceased donor graft ( versus a living
onor graft) was at higher risk of COVID-19 hospitalization or 
eath ( aOR 1.41, CI 95% 1.09–1.84) . Moreover, the risk of se-
ere COVID-19 was also increased in those with a more recent
idney transplantation procedure. Every year that had passed 
ince transplantation lowered the risk for severe COVID-19 by 3%
 aOR 0.97, 95% CI 0.95–0.98) . Compared to KTR who were trans-
lanted < 1 year ago, those who had received their transplant
–10 years ago or > 10 years ago had an about 50% lower risk of
eing hospitalized or die from COVID-19 ( aOR 0.52, CI 95% 0.36–
.75 and aOR 0.57, CI 95% 0.41–0.79, respectively) . Longer dura-
ion of chronic dialysis treatment prior to kidney transplantation 
as another important risk factor associated with an increased 
isk for COVID-19 hospitalization and death [aOR 1.04, CI 95%
.01–1.06 ( per 1 year increase) ]. Among the other factors specific 
or KTR, we found that maintenance immunosuppressant treat- 
ent with MMF, was associated with an elevated risk for severe
OVID-19 ( aOR 1.47, CI 95% 1.08–1.99) while other immunosup- 
ressants ( tacrolimus, ciclosporin, corticosteroids, azathioprine,
verolimus, sirolimus) were not independently associated with 
his outcome. 

rug-related risk factors 

n our analyses, we could demonstrate an increased risk for
evere COVID-19 for some of the antihypertensive drugs com-
only used in the KTR population; calcium channel blockers

 aOR 1.38, CI 95% 1.09–1.75) , alfa receptor antagonists ( aOR 1.44,
I 95% 1.03–1.98) , and diuretics ( aOR 1.44, CI 95% 1.13–1.84) were
ll associated with a higher risk in the multivariate analysis, but
reatment with RAASi was not associated with a higher risk ( aOR
.23, 95% CI 0.97–1.56) . The number of antihypertensive drugs
sed by patients was also important; the use of four or more
ntihypertensive drugs was associated with an increased risk
ompared to up to one drug ( aOR 1.87, CI 95% 1.32–2.64) . Use of
nsulin was also associated with an increased risk ( aOR 1.84, CI
5% 1.22–2.79) whereas other blood glucose lowering drugs were
ot. Finally, there was a strong association between the use of
PI and the risk of severe COVID-19 in both the unadjusted and
djusted analyses ( OR 1.88, 95% CI 1.52–2.33 and aOR 1.58, 95% CI
.24–2.01, respectively) . We found no significant associations for
evere COVID-19 with anticoagulation therapy, antidepressants,
r statin treatments. 
In a sensitivity analysis, we investigated whether the risk as-

ociations for our main exposures were similar during the fourth
emester when most KTR in Sweden had been offered two vacci-
ations with an mRNA vaccine. Due to the low number of events,
e only performed an unadjusted analysis in which the results
ere in line with our main analysis, although with lower preci-
ion ( Supplementary Table 3) . 

ISCUSSION 

his nationwide observational study of characteristics, adverse 
utcomes, and risk factors among KTRs over the first 2 years of
he COVID-19 pandemic in Sweden, reveals that some previously
dentified risk factors for severe COVID-19 in the general popu-
ation, such as male gender, and antihypertensive medication
lso played a significant role among KTRs, while others, such
s comorbidity status were not independent risk factors in our
djusted analyses [15 –18 ]. In contrast to results in general pop-
lation studies, we did not find a linear relationship between
evere COVID-19 and increasing age among KTRs [16 , 19 , 20 ]. In-
tead, we identified specific age groups that appeared to have an
levated risk. In our cohort, individuals aged 49 to 68 years ex-
ibited an increased risk of severe COVID-19, with the highest
isk observed among those aged 49 to 58 years. 

Sweden’s public health policy regarding COVID-19 signif- 
cantly differed from lockdown measures implemented in 
ther countries. In Sweden, employers were recommended to

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf030#supplementary-data
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Table 3: Risk factors for COVID-19 hospitalization or death in KTRs. 

Characteristic 
Unadjusted OR 

( 95% CI) P value 
Adjusted OR 

( 95% CI) P value 
Adjusted OR ( 7) 

( 95% CI) P value 

Age, per year a 1.01 ( 1.00–1.02) .053 1.01 ( 1.00–1.01) .11 n/a 
18–38 Ref. 
39–48 1.37 ( 0.85–2.21) .20 1.36 ( 0.84–2.19) .21 
49–58 2.36 ( 1.56–3.57) < .001 2.32 ( 1.53–3.51) < .001 
59–68 1.94 ( 1.28–2.94) .002 1.92 ( 1.26–2.91) .002 
> 68 1.62 ( 1.05–2.50) .03 1.60 ( 1.04–2.47) .03 
Women b 0.73 ( 0.59–0.92) .01 0.74 ( 0.59–0.92) .01 

Primary kidney disease c 

Glomerulonephritis Ref. Ref. Ref. 
Diabetes nephropathy 1.86 ( 1.36–2.54) < .001 1.50 ( 1.03–2.21) .03 1.35 ( 0.89–2.04) .16 
Hypertensive/renovascular 1.77 ( 1.21–2.59) .003 1.70 ( 1.15–2.51) .01 1.57 ( 1.03–2.40) .04 
Polycystic kidney 
disease/hereditary 

1.29 ( 0.96–1.74) .10 1.34 ( 0.99–1.81) .05 1.31 ( 0.94–1.82) .11 

Tubulointerstitial disease 1.12 ( 0.77–1,64) .54 1.22 ( 0.83–1.78) .31 1.10 ( 0.72–1.68) .65 
Other specified kidney disease 2.22 ( 1.04–4,74) .04 2.41 ( 1.12–5.25) .02 2.01 ( 0.88–4.57) .09 
Unknown kidney disease 1.61 ( 1.13–2.29) .09 1.68 ( 1.18–2.41) .004 1.66 ( 1.12–2.46) .01 

Years on dialysis before kidney 
transplantation c 

1.04 ( 1.02–1.07) < .001 1.04 ( 1.01–1.07) .004 1.04 ( 1.01–1.06) .008 

Years since kidney transplantation c 0.97 ( 0.95–0.98) < .001 0.97 ( 0.95–0.98) < .001 0.97 ( 0.95–0.98) < .001 
≤1 year Ref. 
2–5 years 0.75 ( 0.56–1.01) .06 0.74 ( 0.55–0.99) .05 0.74 ( 0.53–1.03) .07 
6–10 years 0.50 ( 0.36–0.70) < .001 0.49 ( 0.35–0.68) < .001 0.52 ( 0.36–0.75) < .001 
> 10 years 0.54 ( 0.40–0.72) < .001 0.55 ( 0.41–0.74) < .001 0.57 ( 0.41–0.79) < .001 

Deceased donor ( vs live donor) c 1.74 ( 1.39–2.18) < .001 1.59 ( 1.26–2.01) < .001 1.41 ( 1.09–1.84) < .001 
Comorbidity d 

Hypertension 2.01 ( 1.09–3.70) .02 1.39 ( 0.74–2.59) .31 1.43 ( 0.70–2.99) .33 
Cerebrovascular disease 0.81 ( 0.53–1.24) .33 0.70 ( 0.46–1.09) .12 0.74 ( 0.47–1.16) .19 
Coronary artery disease 1.02 ( 0.71–1.46) .91 0.80 ( 0.55–1.17) .24 0.86 ( 0.58–1.28) .46 
Heart failure 1.72 ( 1.27–2.32) < .001 1.50 ( 1.09–2.06) .01 1.34 ( 0.96–1.88) .09 
COPD 2.11 ( 1.24–3.60) .006 1.85 ( 1.07–3.2) .03 1.72 ( 0.95–3.11) .07 
Connective tissue disorder 0.84 ( 0.47–1.48) .54 0.91 ( 0.51–1.64) .77 0.97 ( 0.53–1.79) .93 
Diabetes mellitus 1.42 ( 1.15–1.76) .001 1.29 ( 1.04–1.61) .02 1.22 ( 0.96–1.55) .10 
Solid cancer 0.83 ( 0.58–1.21) .33 0.80 ( 0.55–1.17) .25 0.70 ( 0.46–1.05) .08 
Hematological cancer 0.57 ( 0.23–1.39) .21 0.56 ( 0.23–1.38) .21 0.60 ( 0.24–1.50) .28 

Hospitalization for severe infection 
previous 12 months 

1.56 ( 1.17–2.12) .003 1.55 ( 1.14–2.11) .01 1.59 ( 1.15–2.19) .01 

Immunosuppressive Medication d 

Systemic corticosteroids 1.47 ( 1.07–1.97) .01 1.33 ( 0.99–1.80) .05 1.25 ( 0.90–1.73) .18 
Cyclosporine 0.71 ( 0.52–0.98) .04 0.78 ( 0.55–1.10) .15 0.80 ( 0.55–1.16) .24 
Tacrolimus 1.41 ( 1.07–1.86) .02 1.28 ( 0.94–1.74) .11 1.37 ( 0.98–1.93) .06 
Mycophenolate mofetil 1.72 ( 1.32–2.25) < .001 1.53 ( 1.14–2.01) .004 1.47 ( 1.08–1.99) .01 
Azathioprine 0.55 ( 0.32–0.95) .03 0.75 ( 0.43–1.30) .31 0.82 ( 0.45–1.50) .53 
Everolimus 0.66 ( 0.36–1.18) .16 0.64 ( 0.35–1.15) .14 0.59 ( 0.31–1.13) .11 
Sirolimus 0.90 ( 0.21–3.77) .88 1.07 ( 0.25–4.58) .92 1.11 ( 0.26–4.78) .88 
Other immunosuppressants 0.66 ( 0.37–1.16) .15 0.67 ( 0.36–1.14) .13 0.62 ( 0.33–1.14) .13 
≥3 immunosuppressant 1.68 ( 1.33–2.11) < .001 1.50 ( 1.17–1.93) .001 1.48 ( 1.13–1.95) .001 

Antihypertensive medication c 

RAASi 1.28 ( 1.04–1.58) .02 1.20 ( 0.96–1.49) .09 1.23 ( 0.97–1.56) .08 
Betablocker 1.33 ( 1.07–1.65) .01 1.15 ( 0.91–1.45) .22 1.09 ( 0.85–1.40) .50 
Calcium channel blocker 1.49 ( 1.21–1.84) < .001 1.38 ( 1.11–1.72) .004 1.38 ( 1.09–1.75) .007 
Alfa receptor antagonist 1.74 ( 1.30–2.31) < .001 1.57 ( 1.17–2.11) .002 1.44 ( 1.03–1.98) .003 
Diuretic 1.67 ( 1.36–2.06) < .001 1.49 ( 1.19–1.87) < .001 1.44 ( 1.13–1.84) < .001 
Number of antihypertensive drugs 1.28 ( 1.18–1.38) < .001 1.22 ( 1.11–1.33) < .001 1.22 ( 1.11–1.33) < .001 
≥1 antihypertensive Ref. Ref. Ref. 
2 antihypertensive 1.23 ( 0.93–1.64) .15 1.11 ( 0.83–1.50) .47 1.13 ( 0.82–1.56) .46 
3 antihypertensive 1.64 ( 1.23–2.18) < .001 1.43 ( 1.06–1.92) .02 1.35 ( 0.97–1.88) .07 
≥4 antihypertensive 2.35 ( 1.74–3.18) < .001 1.95 ( 1.40–2.69) < .001 1.87 ( 1.32–2.64) < .001 

Anticoagulation e 

Antiplatelet inhibitor 1.16 ( 0.93–1.45) .19 0.93 ( 0.74–1.18) .56 0.98 ( 0.76–1.27) .89 
Warfarin/DOAC 1.15 ( 0.85–1.56) .38 1.02 ( 0.74–1.41) .97 1.03 ( 0.73–1.46) .84 
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Table 3: Continued 

Characteristic 
Unadjusted OR 

( 95% CI) P value 
Adjusted OR 

( 95% CI) P value 
Adjusted OR ( 7) 

( 95% CI) P value 

Antidiabetic drugs c 

Blood lowering drugs, excluding 
insulins 

1.29 ( 0.96–1.73) .10 1.01 ( 0.71–1.44) .95 1.01 ( 0.74–1.57) .66 

Insulin 1.77 ( 1.39–2.24) < .001 1.70 ( 1.17–2.47) .005 1.84 ( 1.22–2.79) .004 
Antidepressant c 0.95 ( 0.70–1.29) .74 0.94 ( 0.69–1.29) .69 0.97 ( 0.69–1.35) .94 
Statin c 1.35 ( 1.09–1.68) .01 1.17 ( 0.93–1.47) .18 1.10 ( 0.86–1.40) .46 
Proton pump inhibitor e 1.88 ( 1.52–2.33) < .001 1.69 ( 1.36–2.11) < .001 1.58 ( 1.24–2.01) < .001 

a Adjusted for gender. 
b Adjusted for age ( categorical) . 
c Adjusted for age ( categorical) , gender, COPD, heart failure, hypertension, diabetes mellitus, coronary artery disease, hospitalization for severe infection previous 
12 months. 
d Adjusted for age ( categorical) , gender, COPD, heart failure, hypertension, diabetes mellitus, coronary artery disease, hospitalization for severe infection previous 
12 months, and years since transplantation. 
e Adjusted for age ( categorical) , gender, COPD, heart failure, hypertension, diabetes mellitus, coronary artery disease, hospitalization for severe infection previous 
12 months, proton pump inhibitor. 
f Adjusted for age ( categorical) , gender, COPD, heart failure, hypertension, diabetes mellitus, coronary artery disease, hospitalization for severe infection previous 
12 months, antiplatelet inhibitor. 
g Additionally adjusted for time on dialysis, donor type. 
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acilitate remote work for employees, but there was no out-
ight closure of workplaces. All businesses and social services 
n Sweden operated as usual, except for recommendations to 
aintain a physical distance between individuals. However,
hile individuals aged 70 years and older were asked to self-

solate [21 ], working age individuals in Sweden may have en-
ountered challenges in effectively isolating themselves since 
here was no formal lockdown. Additionally, patients between 
he ages of 49 and 58 may have had more extensive social
nteractions, including living with children of school age, and 
orking spouses, compared to older patients. All these factors 

ikely have influenced the risk of SARS-CoV-2 infection in this
roup. 

Although many comorbid conditions ( diabetes mellitus, hy- 
ertension, heart failure, and COPD) were associated with se- 
ere COVID-19 in the unadjusted analysis, we did not observe
n independent association between a diagnosis of hyperten- 
ion or other comorbid conditions and severe COVID-19 among 
TRs [20 , 22 , 23 ]. This is not surprising since 95% of the cohort
n this study had hypertension as a comorbidity. However, pa-
ients treated with three or more antihypertensive medications 
id have an increased risk. One potential explanation is that the
se of multiple antihypertensive drugs reflects more severe hy- 
ertension and is a marker for severe comorbidity burden. Resis-
ant hypertension is defined by the American Heart Association 
s above-goal elevated blood pressure in a patient despite the
oncurrent use of three antihypertensive drug classes at max- 
mum or maximally tolerated daily doses or ≥4 antihyperten- 
ive medications [24 ]. Although our study did not include data
n blood pressure, it is plausible to assume that the use of mul-
iple antihypertensives reflects a more difficult-to-treat hyper- 
ension and thereby a risk factor for severe COVID-19. Similarly,
he use of insulin, but not other blood glucose lowering agents
r a diagnosis of diabetes mellitus was associated with severe
OVID-19. Since insulin itself is unlikely to increase the risk of
evere COVID-19, it may be seen as a marker of diabetes severity,
mphasizing the importance of assessing the total comorbidity 
urden and disease severity in the risk assessment for KTRs. 

Previous studies have shown that immunosuppressive treat- 
ent in organ transplant recipients increases the risk of in-

ections, including COVID-19 [25 , 26 ]. Despite the success of
accination programs in the general population, the COVID-19
accines are less immunogenic in KTRs [11 , 27 –29 ]. Our study
howed that the use of MMF was associated with an increased
isk of severe COVID-19. 

Our investigation took place mostly before vaccinations for
OVID-19 started in Sweden. Although it is difficult to draw firm
onclusions of the risk associations after the vaccination pro-
ram was launched, our sensitivity analysis in the final semes-
ral period after the vaccinations started in Sweden suggests
imilarly elevated risks for MMF users. Also, previous results
rom our group indicate that KTRs exhibited elevated risk of se-
ere COVID-19 also after the introduction of vaccines [30 ]. This
s in line with previous reports where MMF therapy has been
ssociated with a reduced immune response to repeated vacci-
ations. In a German multicenter study, MMF treatment was the
trongest predictor of a reduced response to SARS-CoV-2 vacci-
ation in KTRs [31 ]. Additionally, a French liver transplant center
eported that MMF was a major determinant of impaired sero-
onversion and optimal response to COVID-19 vaccination [32 ].
urthermore, a German single center study suggested that paus-
ng MMF before the fourth COVID-19 vaccination increased the
erological response rate in KTRs [27 ]. In view of these data, it
s plausible to assume that a reduced vaccine response due to
MF treatment may have increased the risk of severe COVID-19

n KTRs. With respect to other frequently used maintenance im-
unosuppressive medications in KTRs ( calcineurin inhibitors,
Tor inhibitors, and corticosteroids) , we did not identify any risk
ssociation with severe COVID-19 outcomes. 

Interestingly, our analysis revealed a strong association be-
ween the use of PPIs and an increased risk of severe COVID-19.
his is particularly noteworthy considering that PPIs are typi-
ally prescribed post-transplantation as prophylaxis against ul- 
ers and to prevent gastroesophageal reflux [33 ]. Despite their
enerally favorable safety profile, increasing evidence over the
ast decade has shown that PPI use is associated with var-
ous long-term clinical complications, including cardiovascu- 
ar diseases, kidney and liver diseases, and infections [34 , 35 ].
urthermore, there is concern about pharmacological interac- 
ions between PPIs and immunosuppressive drugs in trans-
lant patients, which could further exacerbate the risk of
nfections [36 ]. 
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The major strengths of our study were the use of a nation- 
ide, well-characterized cohort of KTRs within a universally 

unded healthcare system where patients had similar access 
o hospital care ( and vaccination) and no missing KTR cohort 
ata or loss to follow-up due to the linkages to Swedish national 
ealthcare registers. However, we also acknowledge certain lim- 
tations. Like all observational studies, it is not possible to confer 
ausality for our risk associations. Also, the SRR does not contin- 
ously record clinical variables such as glomerular filtration rate,
lood pressure, and body mass index in KTRs, which may have 
esulted in some degree of residual confounding. Swedish legis- 
ation does not allow registration of ethnicity. A further limita- 
ion is thus that generalizability to other populations may there- 
ore be limited. 

In conclusion, our study presents several key findings re- 
ated to the risk of experiencing severe COVID-19 among KTRs 
n Sweden. Notably, it underscores a heightened risk among in- 
ividuals of working age, which may be attributed to the in- 
reased risk of virus transmission within the context of Swe- 
en. This observation serves as a valuable lesson drawn from 

he COVID-19 pandemic, offering insights that should be consid- 
red when preparing for potential future pandemics. Addition- 
lly, our study suggests that it is likely the severity of comorbidi- 
ies that constitutes an increased risk for severe disease rather 
han the comorbidity itself. Furthermore, our research highlights 
he potential significance of PPI therapy and suggests its possi- 
le role as a modifiable risk factor relevant to the management of 
OVID-19. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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