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Patients with chronic kidney disease (CKD), especially those on dialysis or who
have received a kidney transplant (KT), are considered more vulnerable to severe
COVID-19. This susceptibility is attributed to advanced age, a higher frequency of
comorbidities, and the chronic immunosuppressed state, which may exacerbate
their susceptibility to severe outcomes. Therefore, our study aimed to compare
the clinical characteristics and outcomes of COVID-19 in KT patients with
those on chronic dialysis and non-CKD patients in a propensity score-matched
cohort study. This multicentric retrospective cohort included adult COVID-19
laboratory-confirmed patients admitted from March/2020 to July/2022, from 43
Brazilian hospitals. The primary outcome was in-hospital mortality. Propensity
score analysis matched KT recipients with controls - patients on chronic
dialysis and those without CKD (within 0.25 standard deviations of the logit of
the propensity score) - according to age, sex, number of comorbidities, and
admission year. This study included 555 patients: 163 KT, 146 on chronic dialysis,
and 249 non-CKD patients (median age 57 years, 55.2% women). With regards
to clinical outcomes, chronic dialysis patients had a higher prevalence of acute
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heart failure, compared to KT recipients, furthermore, both groups presented
high in-hospital mortality, 34.0 and 28.1%, for KT and chronic dialysis patients,
respectively. When comparing KT and non-CKD patients, the first group had a
higher incidence of in-hospital dialysis (26.4% vs. 8.8%, p <0.001), septic shock
(24.1% vs. 12.0%, p = 0.002), and mortality (32.5% vs. 23.3%, p = 0.039), in addition
to longer time spent in the intensive care unit (ICU). In this study, chronic dialysis
patients presented a higher prevalence of acute heart failure, compared to KT
recipients, whereas KT patients had a higher frequency of complications than
those without CKD, including septic shock, dialysis during hospitalization, and
in-hospital mortality as well as longer time spent in the ICU.

KEYWORDS

COVID-19, kidney transplantation, chronic kidney disease, dialysis, clinical
characteristics, outcomes

Introduction

Since coronavirus disease 2019 (COVID-19) became a global
pandemic, concerns have arisen regarding the risks of COVID-19 in
chronic kidney disease (CKD) patients, especially kidney transplant
(KT) and chronic dialysis patients (1). Previous studies have shown
these patients are often more vulnerable to severe disease and
mortality. This susceptibility is attributed to advanced age and higher
frequency of comorbidities such as hypertension, diabetes, obesity,
and cardiovascular diseases, all recognized as significant risk factors
associated with worse COVID-19 prognosis. Furthermore, the chronic
immunosuppressed state in these patients may exacerbate their
susceptibility to severe outcomes associated with the virus (2-5).

However, evidence on the impact of immunosuppression on
COVID-19 prognosis, as well as the disparities in outcomes among
KT recipients and chronic dialysis patients remains a subject of
contention in current research (6-8). Furthermore, during the
COVID-19 pandemic, there was a reduction in morbidity and
mortality rates related to improvements in the management, the
emergence of variants, and especially vaccination of patients (9). The
majority of studies focusing on KT recipients evaluated patients from
the initial stages of the pandemic only, when therapeutic options and
vaccination accessibility were still limited (10, 11).

In this context, it is imperative to evaluate the impact of the
COVID-19 pandemic on KT recipients. There are still few studies on
the impacts of COVID-19 on this population after 2020, especially in
Latin America. Therefore, this study aimed to compare the clinical
characteristics and outcomes of COVID-19 patients who received KT
with those on chronic dialysis and patients non-CKD, in a propensity
score-matched cohort study.

Abbreviations: aPPT, Activated partial thromboplastin time; AKI, Acute kidney
injury; CDC, Center for Disease Control and Prevention; CKD, Chronic kidney
disease; COPD, Chronic obstructive pulmonary disease; COVID-19, Coronavirus
disease 2019; DM, Diabetes mellitus; ICU, Intensive care unit; INR, International
normalized ratio; KT, Kidney transplant; REDCap, Research Data Capture;
STROBE, Strengthening the Reporting of Observational Studies in Epidemiology
guidelines; VIDA Study, COVID-19 in dialytic patients.
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Methods
Study design

This retrospective cohort study included data from two cohorts.
The “Brazilian COVID-19 Registry” multicentric cohort was
developed in 41 Brazilian public and private hospitals, in 18 cities
from six Brazilian states (Bahia, Minas Gerais, Pernambuco, Santa
Caterina, Sdo Paulo, Rio Grande do Sul) (12). The “COVID-19 in
dialytic patients (VIDA) Study” was conducted in a private hospital in
Belo Horizonte (Minas Gerais state) (13). The study adheres to the
Strengthening the Reporting of Observational Studies in Epidemiology
guidelines (STROBE) (14).

Study participants

Consecutive adult (>18 years old) patients with symptomatic and
laboratory-confirmed COVID-19 (4, 15), in accordance with the
World Health Organization guidance admitted to one of the
participating hospitals between March 2020 to July 2022 were enrolled.

Patients who lost the kidney graft before contracting COVID-19,
those who were transferred to other hospitals and whose outcomes are
unknown, as well as those who manifested COVID-19 while
hospitalized for other conditions, were excluded in this analysis.
Furthermore, patients who underwent any type of transplant were not
included in the control groups.

Data collection

Trained researchers collected patient data from the hospital’s
electronic records using Research Data Capture (REDCap) (16, 17),
hosted at the Telehealth Center, University Hospital, Universidade
Federal de Minas Gerais (17). Clinical variables including demographic
and clinical characteristics, laboratory findings, therapeutic
interventions, and outcomes were gathered, as described in details
previously (18). Periodic audits were carried out to ensure data quality
by detecting inconsistencies in values and missing information.
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Study groups

Kidney transplant patients were those with a previous history of
KT, with no history of graft failure. Dialysis patients were those in
chronic dialysis before COVID-19. Non-CKD patients were those
with no evidence of CKD, per register in patients charts.

Outcomes

The primary outcome was in-hospital mortality. Secondary
outcomes included in-hospital dialysis, acute heart failure,
hemorrhagic or thromboembolic events, septic shock, nosocomial
infection, admission to the intensive care unit (ICU), time spent in the
ICU, invasive mechanical ventilation IMV, and hospital length of stay,
as previously defined (18).

Statistical analysis

A propensity score model was estimated by logistic regression
to adjust potential confounding variables and match: (i) KT
recipients to chronic dialysis patients previous to COVID-19
admission, and (ii) KT recipients to non-CKD patients. The models
included age, sex, number of comorbidities (hypertension, diabetes
mellitus, obesity, coronary artery disease, heart failure, atrial
fibrillation or flutter, cirrhosis, chronic obstructive pulmonary
disease, cancer, and previous stroke), and admission year. Controls
were searched to find those with the closest propensity score from
the studies groups (within 0.25 standard deviations of the logit of
the propensity score, on a scale from 0-1.00), using the MatchIt
package in R software. Chronic dialysis controls were selected from
both cohorts, but non-CKD controls were selected from the
“Brazilian COVID-19 Registry” only, as “VIDA” Study did not
include patients without CKD.

For the descriptive analysis, demographic, clinical characteristics
and outcomes were represented by frequency distribution, using
median and interquartile range for continuous variables, as they did
not present normal distribution, and numbers and percentages for
counts. Kidney transplant recipients were compared to matched
controls (chronic dialysis patients previous to COVID-19 admission
or non-CKD patients) using Fisher exact or Chi-square tests for
categorical variables, and Wilcoxon or t-tests for continuous variables.
In the latter case, the Kolmogorov-Smirnov test was applied to verify
data normality. Significance level was established in a two-tailed
p-value <0.05. All analyses were performed using R software
(version 4.0.2).

Ethics

Study protocols were approved by both the National Commission
for Research Ethics (CAAE 30350820.5.1001.0008) and the
Associagdo Evangélica Beneficente de Minas Gerais Research Ethics
Committee (CAAE 31017120.9.0000.8787). Due to the pandemic
situation and access to unidentified data, individual informed consent
was waived.
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Results

Of the 22,004 patients admitted with a diagnosis of COVID-19,
163 were KT recipients (0.74%), 146 were selected as matched chronic
dialysis controls, and 249 were selected as matched controls without
CKD, as illustrated in Figure 1. The median time since transplant was
5.5 (IQR 3.0-9.3) years, ranging from 4 months to 28.0 years. In the
comparison KT recipients vs. chronic dialysis controls, 144 patients
could be matched, while in the comparison KT recipients vs. controls
without CKD, all 163 were matched. Details on immunosuppressive
therapy are shown in Supplementary Table S1. Out of the 152 patients
from whom we obtained data on immunosuppressive therapy, 57.6%
had their therapy suspended during hospitalization. In most cases, the
decision to suspend therapy was based on the severity of the symptoms.

Kidney transplant recipients vs. chronic
dialysis patients

Chronic dialysis patients had a higher prevalence of underlying
chronic obstructive pulmonary disease (COPD; 7.5% vs. 1.4%,
p=0.011) and rheumatological disease (4.8% vs. 0.0%, p=0.015) than
KT recipients. Diarrhea, hyporexia, and myalgia were more prevalent
symptoms in KT recipients than chronic dialysis patients. Regarding
the other demographic and clinical characteristics and other self-
reported symptoms, there was no other significant statistical difference
(Table 1; Supplementary Table S1). Chronic dialysis patients presented
lower levels of hemoglobin, as well as higher levels of creatinine, blood
urea, D-dimer, ferritin, C-reactive protein, leukocytes, and
neutrophils. They also had a slightly higher activated partial
thromboplastin time (aPTT), international normalized ratio (INR),
sodium, sodium bicarbonate and pCO, (Supplementary Table S2).
Kidney transplant recipients had a higher frequency of corticosteroid
usage compared to patients on dialysis (88.0% vs. 69.2%, p<0.001),
but there were no differences regarding other medications during
hospitalization (Supplementary Table S3).

With regards to clinical outcomes, chronic dialysis patients had a
higher prevalence of acute heart failure compared to KT recipients,
while there was no difference between KT and chronic dialysis
patients in the duration of hospital stay, ICU admission, time spent in
the ICU, IMV, septic shock, nosocomial infection, thrombosis, and
in-hospital death (Table 2).

Kidney transplant vs. non-chronic kidney
disease patients

When comparing KT recipients to those without CKD, the KT
group had a higher prevalence of underlying hypertension (75.5%
vs. 43.4%, p <0.001), and diabetes mellitus (DM) (45.6% vs. 23.9%,
p=0.015). Furthermore, the KT recipients had a slightly lower
prevalence of, ischemic stroke (2.5% vs. 2.8%, p=0.087), compared
to the data,
characteristics, and lifestyle habits are shown in Table 3. When

non-CKD patients. Demographic clinical
comparing laboratory findings at hospital admission, KT patients
presented slightly lower levels of hemoglobin, platelets, INR,

sodium, alanine aminotransferase, pCO,; lower white blood cells,
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Brazilian COVID-19 Registry COVID-19 in dialytic patients (VIDA) Study
n=21,560 n=444
In-hospital patients with
laboratory confirmed
COVID-19
n=22,004
Excluded
Age <18 years, lostthekidney graft,
transferred from another hospital,
> without outcomesknown, manifested
COVID-19 while hospitalized, or admitted
for otherreasons
n=2,891
Kidney transplant recipients Patients with no
n=163 history of kidney
transplant
n=18,950
Excluded
————| Otherorgantransplants
n=33
Dialysis patients Non-chronic Kidney disease
n=216 n=18,701
Randomly selected Randomly selected
matched controls matched controls
n=146 n=249
FIGURE 1
Flowchart of the patients included in the study.

neutrophils and lymphocytes count, and lower sodium bicarbonate;
as well as higher levels of creatinine and blood urea
(Supplementary Table S4), when compared to non-CKD patients.
With regards to the frequency of self-reported symptoms at
hospital admission, headache and dyspnea were more prevalent in
those without CKD than the KT recipients, while the latter group
had a and hyporexia
(Supplementary Table S3). Kidney transplant recipients had a

higher prevalence of diarrhea
higher frequency of corticosteroid usage (89.5% vs. 79.1%,
p=0.007) and lower frequency of anticoagulant use (80.1% vs.
84.1%, p=0.039) than CKD

(Supplementary Table S5).

patients without
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With regards to the outcomes, KT patients stayed longer in the
ICU (10.0 vs. 7.0, p=0.047) and had a longer hospital stay (11.0 vs. 8.0,
p=0.005). They also required a higher frequency of dialysis during
hospitalization (26.4% vs. 8.8%, p <0.001), and had a higher incidence
of septic shock (24.1% vs. 12.0%, p=0.002) and in-hospital death
(32.5% vs. 23.3%, p=0.039), than those without CKD (Table 4).

Discussion

In this large Brazilian cohort, KT patients represented
approximately 0.7% of the in-hospital COVID-19 patients. The
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TABLE 1 Demographic data, clinical characteristics, and lifestyle habits of kidney transplant recipients vs. chronic dialysis patients, both infected with
COVID-19.

Characteristics Kidney transplant recipients = Chronic dialysis patients!
(n=144)* (n=146)
Age (years) 5 (49, 65) 58 (49, 66) 0.669
Women 82 (56.9%) 83 (56.8%) 0.987
Year 0.791
2020 60 (41.7%) 63 (43.2%)
2021 58 (40.3%) 61 (41.8%)
2022 26 (18.1%) 22 (15.1%)

Cardiovascular diseases

Hypertension 110 (76.4%) 104 (71.2%) 0.318
Heart failure 6 (4.1%) 9 (6.0%) 0.434
Coronary artery disease 12 (8.8%) 16 (9.4%) 0.449
Ischemic stroke 4(2.8%) 4(2.7%) >0.999
Atrial fibrillation or flutter 2 (1.4%) 6 (0.1%) 0.282
Respiratory diseases
Asthma 3(2.1%) 2 (1.4%) 0.683
COPD 2 (1.4%) 11 (7.5%) 0.011

Metabolic diseases

Diabetes mellitus 75 (52.1%) 76 (52.1%) 0.996

Obesity 26 (18.1%) 15 (10.3%) 0.057

Other conditions

Psychiatric disease 5 (4.1%) 5(3.4%) >0.999

Active cancer 4(2.8%) 6 (4.1%) 0.750

Rheumatological disease 0 (0.0%) 7 (4.8%) 0.015

Cirrhosis 1(0.7%) 0 (0.0%) 0.497
Number of comorbidities 0.707

0 14 (9.7%) 19 (13.0%)

1 51 (35.4%) 41 (28.1%)

2 53 (36.8%) 57 (39.0%)

3 21 (14.6%) 23 (15.8%)

4 or more 5(3.5%) 6 (4.1%)

Clinical characteristics at presentation

GCS<15 3 (2.5%) 11 (7.5%) 0.063
IMV 2 (1.8%) 67 (4.6%) 0.293
SpO,/FiO, 447.6 (407.1, 457.1) 428.6 (339.3, 452.4) 0.004
Lifestyle habits
Alcohol use disorder 4(3.3%) 8 (5.%) 0.386
Smoking 2 (1.4%) 5(3.4%) 0.447
Vaccination 0.138
No 67 (46.5%) 67 (45.9%)
Yes 23 (16.0%) 13 (8.9%)
No information 54 (37.5%) 66 (45.2%)
Which vaccine? (n=12) (n=6) 0.281
Astrazeneca 4(33.3%) 1(16.7%)
Coronavac 5(41.7%) 5(83.3%)

(Continued)
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TABLE 1 (Continued)

Characteristics

Kidney transplant recipients!

10.3389/fmed.2024.1350657

Chronic dialysis patients!

(n=144)* (n =146)
Pfizer 3(25.0%) 0 (0.0%)
Doses of the vaccine (n=23) (n=13) 0.764
1 4(17.4%) 2 (15.4%)
2 9 (39.1%) 3(23.1%)
3 6(26.1%) 5(38.5%)
4 4(17.4%) 3(23.1%)

'n (%); Median (IQR). *Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test. COPD, chronic obstructive pulmonary disease; GCS, Glasgow coma scale; FiO,, fraction of
inspired oxygen; IMV, invasive mechanical ventilation; SpO,, peripheral oxygen saturation. *Although 163 patients were kidney transplant recipients, only 144 could be matched by age, sex,

number of comorbidities, and admission year.

TABLE 2 Clinical outcomes of kidney transplant recipients vs. chronic
dialysis patients, both infected with COVID-19.

Characteristics Kidney Chronic
transplant dialysis
recipients! patients!
(n=144)* (n =146)

In-hospital stay (days) 11.0 (7.0, 18.0) 11.0 (5.2, 19.0) 0.847

ICU admission 65 (45.5%) 67 (45.9%) 0.941

Time spent in the ICU 10.0 (6.0, 18.0) 12.0 (4.0, 18.5) 0.612

IMV 52 (36.1%) 50 (34.7%) 0.805

Septic shock 31 (25.4%) 26 (17.8%) 0.130

Nosocomial infection 14 (9.7%) 23 (15.8%) 0.124

Acute heart failure 1 (0.8%) 9 (6.2%) 0.024

Thromboembolic events 2 (1.6%) 1(0.7%) 0.593

Dialysis 36 (25.7%) 146 (100.0%) NA

In-hospital death 49 (34.0%) 41 (28.1%) 0.274

'n (%); Median (IQR). *Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact
test. ICU, intensive care unit; IMV, invasive mechanical ventilation; NA, not applicable, as
the control group comprehended patients on chronic dialysis. *Although 163 patients were
kidney transplant recipients, only 144 could be matched by age, sex, number of
comorbidities, and admission year.

matched analysis showed a similar incidence of severe outcomes in
KT and dialysis patients, except for a higher incidence of acute heart
failure in chronic dialysis patients. In-hospital mortality was high in
both groups, 34.0 and 28.1%, respectively. Furthermore, KT patients
had a higher incidence of in-hospital dialysis (26.4% vs. 8.8%,
p<0.001), septic shock (24.1% vs. 12.0%, p=0.002), and in-hospital
mortality (32.5% vs. 23.3%, p=0.039), than those without CKD, as
well as a longer time spent in the ICU (10.0 vs. 7.0, p=0.047).

Kidney transplant recipients are known to be highly susceptible
to infections and with increased risk of poorer prognosis, attributed
not only to underlying comorbidities but also to the chronic use of
immunosuppressive drugs (5). Brazil, with the world’s largest public
organ transplant program, was significantly affected by the
pandemic (19).

However, the majority of studies focusing on KT recipients were
conducted in high-income nations, primarily during the early phases
of the pandemic when treatment options and vaccinations were still
limited. This raises concerns about the immunogenicity of vaccines in
KT recipients, with unclear efficacy and effectiveness results in this

Frontiers in Medicine

population (20). Despite improvements in therapeutic management
and immunization efforts, COVID-19 continues to pose a global
threat, with KT recipients experiencing higher mortality rates
compared to the general population (20, 21). Therefore, this
multicenter cohort is of paramount importance in understanding the
impact of COVID-19 on KT patients in Latin America, for having
included patients after the first pandemic wave in Brazil and for
having used propensity score matching in the analysis, controlling for
potential confounders.

In the present study, mortality in KT and chronic dialysis was
high, 34.0 and 28.1%, respectively, in contrast to 23.3% in non-CKD
patients. These findings are in line with existing literature but surpass
previously reported rates. For instance, a recent analysis involving data
from the UK Kidney Association compared to age-matched general
population from England observed COVID-19 mortality rates of 20
to 28% among KT recipients, significantly higher than the 1 to 5%
observed in the general population (21). A meta-analysis
encompassing 74 studies and 5,559 KT patients with COVID-19 from
March 2020 to January 2021 reported an overall mortality rate of 23%
(95% CI 21-27%), irrespective of gender, age, or comorbidities.
Additionally, the risk of acute kidney injury (AKI) was 50% (95% CI
44-56%), a condition known to exacerbate renal outcomes and is an
independent risk factor for mortality (22). Another study, an umbrella
review of meta-analyses and systematic reviews, including patients
from January 2020 to June 2022, observed a pooled mortality of 18%
in KT recipients (23).

In our study, KT recipients also had a higher risk of complications
from COVID-19, including dialysis during hospitalization, septic
shock, and in-hospital mortality than those without CKD, as well as
longer time spent in the ICU. The higher mortality and higher
incidence of other complications have been attributed to the older age
and the higher incidence of comorbidities in CKD patients (20, 24).
In the present analysis, we have extended these findings, as we have
shown that even after matching by age, sex, number of comorbidities,
and admission year, patients with non-CKD had a better prognosis.

Overall, KT recipients usually have a more favorable clinical
profile than chronic dialysis patients. In the present analysis, a robust
method with a propensity score matching analysis was used to adjust
for possible confounders, and there were no significant differences
between KT and chronic dialysis in in-hospital mortality and the
secondary outcomes, except for acute heart failure. Our results
corroborate Hilbrand’s study, based on the ERACODA database, a
large European data set containing detailed individual patient data,
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TABLE 3 Demographic data, clinical characteristics, and lifestyle habits of kidney transplant recipients vs. non-chronic kidney disease patients, both

infected with COVID-19.

Characteristics

Kidney transplant recipients!

Non-chronic kidney

(n=163) disease patients! (n = 249)
Age (years) 56 (46.0, 64.5) 57 (41, 69) 0.776
Women 93 (57.1%) 132 (53.0%) 0.042
Admission year 0.024
2020 60 (36.8%) 108 (43.4%)
2021 62 (38.0%) 106 (45.5%)
2022 41 (25.2%) 36 (14.5%)
Cardiovascular diseases
Hypertension 123 (75.5%) 108 (43.4%) <0.001
Heart failure 4(2.5%) 12 (4.8%) 0.224
Coronary artery disease 13 (8.0%) 10 (4.0%) 0.087
Ischemic stroke 4(2.5%) 7 (2.8%) 0.034
Atrial fibrillation or flutter 2 (1.2%) 5(2.0%) 0.708
Respiratory diseases
Asthma 3 (1.8%) 11 (4.4%) 0.158
COPD 2 (1.2%) 6 (2.4%) 0.487
Metabolic diseases
Diabetes mellitus 76 (46.6%) 61 (24.5%) <0.001
Obesity 27 (16.6%) 44 (17.7%) 0.771
Other conditions
Psychiatric disease 6 (4.3%) 16 (6.4%) 0.372
Active cancer 4(2.5%) 15 (6.0%) 0.091
Rheumatological disease 0 (0.0%) 5(2.0%) 0.162
Cirrhosis 1(0.6%) 1(0.4%) >0.999
Number of comorbidities <0.001
0 19 (11.7%) 101 (40.6%)
1 63 (38.7%) 68 (27.3%)
2 55 (33.7%) 497 (19.7%)
3 21 (12.9%) 21 (8.4%)
4 or more 5(3.1%) 10 (4.0%)
Clinical characteristics at presentation
GCS<15 3(2.1%) 14 (5.6%) 0.014
IMV 57 (35.0%) 80 (32.4%) 0.588
SpO,/FiO, 447.6 (414.3,457.1) 346.4 (296.9, 438.1) <0.001
Lifestyle habits
Alcohol use disorder 5(3.5%) 8(3.2%) 0.860
Smoking 2 (1.2%) 8(3.2%) 0.327
Vaccination 0.031
No 68 (41.7%) 133 (53.4%)
Yes 31 (19.0%) 29 (11.6%)
No information 64 (39.3%) 87 (34.9%)
Which vaccine? (n=17) (n=11) 0.020
Astrazeneca 7 (41.2%) 4 (36.4%)
Coronavac 5(29.4%) 5(45.5%)
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TABLE 3 (Continued)

Characteristics

ransplant recipients!

10.3389/fmed.2024.1350657

Non-chronic kidney

disease patients! (n = 249)

Janssen 0 (0.0%) 1(9.1%)
Pfizer 5(29.4%) 1(9.1%)
Doses of the vaccine (n=31) (n=29) 0.132
1 4(12.9%) 5 (17.2%)
2 10 (32.3%) 14 (48.3%)
3 12 (38.7%) 6 (20.7%)
4 5(16.1%) 4 (13.8%)

'n (%); Median (IQR). *Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test. COPD, Chronic obstructive pulmonary disease; GCS, Glasgow coma scale; FiO,, fraction of
inspired oxygen; IMV; invasive mechanical ventilation; SpO,, peripheral oxygen saturation. *Matched by age, sex, number of comorbidities, and admission year.

TABLE 4 Clinical outcomes of kidney transplant recipients vs. non-
chronic kidney disease patients, both infected with COVID-19.

Characteristics Kidney Non- p-
transplant chronic value?
recipients! kidney

(n=163) disease
patientst!
(n=249)

Duration of hospital stay 11.0 (7.0, 18.0) 8.0 (5.0, 15.0) 0.005

ICU admission 71 (43.8%) 120 (48.2%) 0.386

Time spent in the ICU 10.0 (6.0, 20.5) 7.0 (4.0, 17.0) 0.047

IMV 57 (35.0%) 80 (32.4%) 0.329

Septic shock 34 (24.1%) 30 (12.0%) 0.002

Nosocomial infection 15 (9.2%) 29 (11.6%) 0.432

Acute heart failure 1(0.7%) 6 (2.4%) 0.430

Thromboembolic events 2 (1.4%) 11 (4.7%) 0.091

Dialysis 42 (26.4%) 22 (8.8%) <0.001

In-hospital death 53 (32.5%) 58 (23.3%) 0.039

'n (%); Median (IQR). *Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact
test. ICU, intensive care unit; IMV, invasive mechanical ventilation. *Matched by age, sex,
number of comorbidities, and admission year.

facilitating well-powered analyses of risk factors for mortality in
chronic dialysis and transplant patients with COVID-109. Its results
showed that mortality in KT and chronic dialysis patients with
COVID-19 was high (21.3 and 25.0%, respectively) and primarily
associated with advanced age and frailty, while hypertension, diabetes
mellitus, coronary artery disease, heart failure, and chronic lung
disease did not emerge as independent risk factors in its analysis. After
adjusting for age, sex, and frailty, the authors observed no significant
difference in in-hospital mortality between KT and chronic dialysis
patients (2).

A Brazilian cohort used data from 65 dialysis units and 43
transplant centers and observed that chronic dialysis patients had
higher 30-day mortality (6% higher per day) than matched KT
recipients. However, patients were included in the first COVID-19
wave only, and there is a high risk of sampling bias: the sample of
transplanted patients was greater than the sample of patients on
chronic dialysis, which is the opposite of what would be expected.
Actually, the number of chronic dialysis patients was quite low,
considering the number of dialysis units included (25). Therefore,
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there might be a problem with the representativeness of the chronic
dialysis patients included, i.e., researchers might have included more
frequently those with other risk factors for severe COVID-19 or,
retrospectively, those who required hospital admission. Additionally,
the number of variables used for matching (age, gender, ethnicity,
body mass index, comorbidities, and geographic region of the
transplant/dialysis site) might have been excessive, which might have
impaired the observation of differences in clinical characteristics
between groups.

The higher frequency of acute heart failure in chronic dialysis
patients can prompt discussion regarding specific conditions related
to these patients. Cardiorenal syndrome refers to a well-established
pathophysiological condition involving both the kidneys and the
heart. In this syndrome, significant dysfunction - acute or chronic
- in one of these organs can precipitate corresponding dysfunction
in the other (26). Type IV cardiorenal syndrome describes the
condition in which chronic kidney disease can contribute to the
deterioration of cardiac function, significantly elevating the risk of
acute cardiovascular events, including acute heart failure (26).
Furthermore, chronic dialysis patients are susceptible to uremia-
related cardiomyopathy (27). Recent research demonstrates an
improvement in cardiomyopathy following kidney transplantation,
emphasizing the crucial role of improved renal function.
We hypothesize that cardiorenal syndrome, combined with anuria in
some patients and a higher frequency of hypervolemia, along with
the observed lower levels of hemoglobin, predisposed them to cardiac
decompensation (27).

Despite the growing literature on the prognosis of COVID-19 in
KT patients, it remains unclear whether immunosuppressive treatment
is an independent risk factor for a poor prognosis of COVID-19. In
general, immunocompromised patients are a heterogeneous
population, with significant variations in the severity of COVID-19
among individuals in this group. In this context, Center for Disease
Control and Prevention (CDC) listed immunocompromised patients
as high risk for severe disease from SARS-CoV-2 (28). There is
evidence that certain classes of immunosuppressants, such as T cell-
suppressing agents or T cell-depletion, and B cell-depleting agents, are
associated with more severe COVID-19 (29, 30). Similarly, individuals
who make autoantibodies to type I interferons have been shown to
have a higher risk of severe COVID-19 (28). Another point of attention
is the lower immunogenicity rates after SARS-CoV-2 vaccination in
patients who are moderately or severely immunocompromised (28).
However, all these topics are insights for future analyses.
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With regards to patients on chronic dialysis, evidence shows that
patients experience a pro-inflammatory state due to an increase in
cytokines associated with an irreversible reduction in immune defense
given to functional alterations in almost all populations of innate and
acquired immune cells, and the premature aging of the immune
system. Consequently, patients with end-stage renal disease are more
susceptible to infections and unfavorable evolution, including
COVID-19, which may explain the high mortality in this group of
patients (29-31).

This study has some limitations that should be considered. It was
a retrospective analysis, subject to the drawbacks of a patient records
review. Thus, we were unable to obtain data on the impact of the
cessation of immunosuppressive medication during hospitalization a
challenge that was observed in clinical practice and also reported by
previous studies (2). This is an important topic for future studies. It is
important to assess whether it is effective for improving the COVID-19
course, reducing the incidence of COVID-19 complications; and
whether it has an impact on the kidney graft function and in the risk
of rejection. Furthermore, we did not assess data about the time spent
on dialysis an interesting and complementary question for
new analyses.

Conversely, this study has significant strengths. One of its main
strengths is the fact that it is based on a database of real-life cases,
encompassing comprehensive data from patients from 41 different
hospitals, located in different regions of Brazil, which ensures the
diversity of the population studied. The data were obtained employing
a detailed medical record review, which results in a higher degree of
detail than would the electronic abstraction of structured data
elements. Additionally, the data was submitted to periodic auditing to
ensure data quality, and the propensity score matched analysis
addressed critical confounding factors.

We believe our findings can contribute significantly to the existing
literature on several fronts. Primarily, our study encompasses data
from Latin America, with a particular focus on Brazil, a nation
profoundly affected by the COVID-19 pandemic. Despite the
challenges posed by the pandemic, our study provides valuable data,
including insights from COVID-19 KT recipients, which are still
relatively scarce in the literature. Second, previous studies that
investigated the association of the type of kidney replacement therapy
(dialysis or transplant) with COVID-19 have controversial results.
Some studies have indicated higher mortality rates in KT patients,
while others have reported similar outcomes between the two groups.
For instance, data from the European Renal Association COVID-19
Database, which included 496 KT recipients and 1,174 dialysis
patients diagnosed with COVID-19 between February 1, 2020, and
December 1, 2020, revealed a 78% higher risk of death in KT recipients
compared to dialysis patients [hazard ratio 1.78 (95% CI 1.22-2.61)],
after fully adjusting for confounding factors (32).

Furthermore, in the present analysis, we used a robust method
with a propensity score matching analysis to adjust for possible
confounders, and there were no significant differences between KT
and chronic dialysis in in-hospital mortality, as well as the secondary
outcomes except for acute heart failure. In this line, our results
confirm and extend Hilbrand’s study, based on the ERACODA
database, a large European dataset. After adjusting for age, sex, and
frailty, the authors observed no significant difference in in-hospital
mortality between KT and chronic dialysis patients (2). This study
included patients from the first pandemic wave in Brazil only, and our
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study also included data from the second and third waves.
Additionally, the present study also assessed other outcomes, including
heart
thromboembolic events, septic shock, nosocomial infection,
admission to the ICU, time spent in the ICU, IMV, and hospital length
of stay.

in-hospital ~dialysis, acute failure, hemorrhagic or

Conclusion

In our study, there were no differences in the clinical outcomes
among KT and chronic dialysis patients, except for acute heart failure,
whereas KT patients had a higher frequency of complications than
those without CKD, including a higher incidence of septic shock,
dialysis during hospitalization, in-hospital death, as well as longer
time spent in the ICU.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Comissdo
Nacional de Etica em Pesquisa, approval number CAAE
30350820.5.0000.0008 Associagdo Evangélica Beneficente de Minas
Gerais Research Ethics Committee CAAE 31017120.9.0000.8787. The
studies were conducted in accordance with the local legislation and
Written
participation was not required from the participants or the

institutional requirements. informed consent for
participants’ legal guardians/next of kin because due to the pandemic
situation and access to unidentified data, individual informed consent

was waived.

Author contributions

PDP: Conceptualization, Methodology, Investigation, Formal
analysis, Project administration, Supervision, Visualization, Writing —
original draft, Writing - review & editing. VGJV: Conceptualization,
Methodology, Investigation, Formal analysis, Project administration,
Supervision, Visualization, Writing — original draft, Writing - review &
editing. MCP: Methodology, Formal analysis, Software, Writing — review
& editing. DP: Conceptualization, Methodology, Investigation, Formal
analysis, Writing - review & editing. GALC: Methodology, Investigation,
Formal analysis, Writing - review & editing. LPFC: Formal analysis,
Methodology, Investigation, Writing - review & editing. BBMP:
Methodology, Formal analysis, Software, Writing — review & editing.
AVS: Methodology, Investigation, Formal analysis, Writing — review &
editing. AGRG: Methodology, Investigation, Formal analysis, Writing —
review & editing. BMC: Methodology, Investigation, Formal analysis,
Writing - review & editing. CAP: Methodology, Investigation, Formal
analysis, Writing - review & editing. CCRM: Methodology, Investigation,
Formal analysis, Writing - review & editing. DAL: Methodology,
Investigation, Formal analysis, Writing - review & editing. FCS:

frontiersin.org


https://doi.org/10.3389/fmed.2024.1350657
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Delfino-Pereira et al.

Methodology, Investigation, Formal analysis, Writing - review & editing.
FB: Methodology, Investigation, Formal analysis, Writing — review &
editing. GGV: Methodology, Investigation, Formal analysis, Writing —
review & editing. HRV: Methodology, Investigation, Formal analysis,
Writing - review & editing. JMC: Methodology, Investigation, Formal
analysis, Writing - review & editing. KBR: Methodology, Investigation,
Formal analysis, Writing - review & editing. LK: Methodology,
Investigation, Formal analysis, Writing - review & editing. LCC:
Methodology, Investigation, Formal analysis, Writing - review & editing.
MC: Methodology, Investigation, Formal analysis, Writing — review &
editing. MSM: Conceptualization, Data curation, Funding acquisition,
Methodology, Investigation, Formal analysis, Project administration,
Resources, Supervision, Visualization, Writing - original draft, Writing
- review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by Minas Gerais State Agency for Research and
Development (Fundagao de Amparo a Pesquisa do Estado de Minas
Gerais - FAPEMIG) (grant number APQ-01154-21), and National
Institute of Science and Technology for Health Technology Assessment
(Instituto de Avaliagdo de Tecnologias em Satide — IATS)/National
Council for Scientific and Technological Development (Conselho
Nacional de Desenvolvimento Cientifico e Tecnoldgico - CNPq)
(grant number 465518/2014-1). MSM was supported in part by CNPq
(grant number 310561/2021-3).

References

1. Brogan M, Ross MJ. COVID-19 and kidney disease. Ann Rev Med. (2023) 74:1-13.
doi: 10.1146/annurev-med-042420-104753

2. Hilbrands LB, Duivenvoorden R, Vart P, Franssen CFM, Hemmelder MH, Jager K]J,
et al. COVID-19-related mortality in kidney transplant and dialysis patients: results of
the ERACODA collaboration. Nephrol Dial Transplant. (2020) 35:1973-83. doi: 10.1093/
ndt/gfaa261

3. Duarsa GWK, Sugianto R, Yusari IGAAA, Tirtayasa PMW, Situmorang GR, Rasyid
N, et al. Predictor factor for worse outcomes in kidney transplant recipients infected
with coronavirus disease 2019: a systematic review and meta-analysis. Transpl Immunol.
(2023) 76:101739. doi: 10.1016/j.trim.2022.101739

4. COVID-19 Treatment Guidelines Panel. (n.d.) Coronavirus Disease 2019
(COVID-19) Treatment Guidelines. National Institutes of Health. Available at: https://
www.covidl9treatmentguidelines.nih.gov/ (Accessed July 28, 2023)

5. Requido-Moura LR, Sandes-Freitas TV, Viana LA, Cristelli MP, Andrade LGM,
Garcia VD, et al. COVID-19-KT Brazil. High mortality among kidney transplant
recipients diagnosed with coronavirus disease 2019: results from the Brazilian
multicenter cohort study. PLoS One. (2021) 16:€0254822. doi: 10.1371/journal.
pone.0254822

6. Gao Y, Chen Y, Liu M, Shi S, Tian J. Impacts of immunosuppression and
immunodeficiency on COVID-19: a systematic review and meta-analysis. J Infect. (2020)
81:e93-5. doi: 10.1016/j.jinf.2020.05.017

7. An W, Wang Q, Kim TE, Kang JS. Clinical characteristics and outcome of
coronavirus disease 2019 infection in patients with solid organ transplants: a systematic
review and meta-analysis. ] Infect Public Health. (2022) 15:365-72. doi: 10.1016/j.
jiph.2022.02.002

8. Amsei TQM, Gorayeb-Polacchini FS, Caldas HC, Fernandes-Charpiot IMM,
Ferreira-Baptista MAS, Abbud-Filho M. Effect of the COVID-19 pandemic on kidney
transplant and on chronic Dialysis patients. Transplant Proc. (2022) 54:1282-5. doi:
10.1016/j.transproceed.2022.02.061

9. Cristelli MP, Sandes-Freitas TV, Viana LA, Requido-Moura LR, Andrade LGM,
Tedesco-Silva H, et al. Migratory pattern of the coronavirus disease 2019 and high

Frontiers in Medicine

10

10.3389/fmed.2024.1350657

Acknowledgments

We would like to thank the hospitals and clinical staff for their
support in this project, and all who helped in the data collection.
We would like to acknowledge the work of Barbara Machado Garcia,
Pedro Ivo Costa Morais de Assis, and Vivian Costa Morais de Assis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1350657/
full#supplementary-material

fatality rates among kidney transplant recipients: report from the Brazilian multicenter
cohort study. J Bras Nefrol. (2022) 44:428-33. doi: 10.1590/2175-8239-JBN-2021-
0063

10. Oltean M, Sefteland JM, Bagge J, Ekelund J, Felldin M, Schult A, et al. Covid-19 in
kidney transplant recipients: a systematic review of the case series available three months
into the pandemic. Infect Dis (Lond). (2020) 52:830-7. doi: 10.1080/23744235.
2020.1792977

11. Ho QY, Sultana R, Lee TL, Thangaraju S, Kee T, Htay H. Coronavirus disease
2019 in kidney transplant recipients: a systematic review and meta-analysis. Singapore
Med J. (2021) 64:593-602. doi: 10.11622/smed;j.2021171

12. Marcolino MS, Ziegelmann PK, Souza-Silva MVR, Nascimento IJB, Oliveira LM,
Monteiro LS, et al. Clinical characteristics and outcomes of patients hospitalized with
COVID-19 in Brazil: results from the Brazilian COVID-19 registry. Int ] Infect Dis.
(2021) 107:300-10. doi: 10.1016/j.ijid.2021.01.019

13. Registro Brasileiro de Ensaios Clinicos (ReBEC). (2020). RBR-63hzd3
Consequences of COVID-19 in dialytic patients. Registro Brasileiro de Ensaios Clinicos
(ReBEC). Available at: https://ensaiosclinicos.gov.br/trial/9799#conteudo

14. von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP,
et al. The strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. Lancet. (2007)
370:1453-7. doi: 10.1016/S0140-6736(07)61602-X

15. Meirelles GSP. COVID-19: a brief update for radiologists. Radiol Bras. (2020)
53:320-8. doi: 10.1590/0100-3984.2020.0074

16. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic
data capture (REDCap)--a metadata-driven methodology and workflow process for
providing translational research informatics support. ] Biomed Inform. (2009) 42:377-81.
doi: 10.1016/;.jb1.2008.08.010

17. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The
REDCap consortium: building an international community of software
platform partners. J Biomed Inform. (2019) 95:103208. doi: 10.1016/j.jbi.2019.
103208

frontiersin.org


https://doi.org/10.3389/fmed.2024.1350657
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1350657/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1350657/full#supplementary-material
https://doi.org/10.1146/annurev-med-042420-104753
https://doi.org/10.1093/ndt/gfaa261
https://doi.org/10.1093/ndt/gfaa261
https://doi.org/10.1016/j.trim.2022.101739
https://www.covid19treatmentguidelines.nih.gov/
https://www.covid19treatmentguidelines.nih.gov/
https://doi.org/10.1371/journal.pone.0254822
https://doi.org/10.1371/journal.pone.0254822
https://doi.org/10.1016/j.jinf.2020.05.017
https://doi.org/10.1016/j.jiph.2022.02.002
https://doi.org/10.1016/j.jiph.2022.02.002
https://doi.org/10.1016/j.transproceed.2022.02.061
https://doi.org/10.1590/2175-8239-JBN-2021-0063
https://doi.org/10.1590/2175-8239-JBN-2021-0063
https://doi.org/10.1080/23744235.2020.1792977
https://doi.org/10.1080/23744235.2020.1792977
https://doi.org/10.11622/smedj.2021171
https://doi.org/10.1016/j.ijid.2021.01.019
https://ensaiosclinicos.gov.br/trial/9799#conteudo
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1590/0100-3984.2020.0074
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.jbi.2019.103208

Delfino-Pereira et al.

18. Bicalho MAG, Aliberti MJR, Delfino-Pereira P, Chagas VS, Rosa PMS, Pires MC,
et al. Clinical characteristics and outcomes of COVID-19 patients with preexisting
dementia: a large multicenter propensity-matched Brazilian cohort study. BMC Geriatr.
(2023) 24:4494. doi: 10.1186/s12877-023-04494-w

19. Modelli de Andrade LG, de Sandes-Freitas TV, Requido-Moura LR, Viana LA,
Cristelli MP, Garcia VD, et al. Development and validation of a simple web-based tool
for early prediction of COVID-19-associated death in kidney transplant recipients. Am
J Transplant. (2022) 22:610-25. doi: 10.1111/ajt.16807

20. Ng JH, Hirsch JS, Wanchoo R, Sachdeva M, Sakhiya V, Hong S, et al. COVID-19
research consortium and the Northwell nephrology COVID-19 research consortium.
Outcomes of patients with end-stage kidney disease hospitalized with COVID-19.
Kidney Int. (2020) 98:1530-9. doi: 10.1016/j.kint.2020.07.030

21. World Health Organization (WHO). (2023). WHO Coronavirus (COVID-19)
Dashboard. WHO Coronavirus (COVID-19) Dashboard. Available at: https://covid19.
who.int/

22. Weiss A, Hendrickx R, Stensgaard E, Jellingse M, Sommer MOA. Kidney
transplant and Dialysis patients remain at increased risk for succumbing to COVID-19.
Transplantation. (2023) 107:1136-8. doi: 10.1097/TP.0000000000004462

23. Kremer D, Pieters TT, Verhaar MC, Berger SP, Bakker SJL, van Zuilen AD, etal. A
systematic review and meta-analysis of COVID-19 in kidney transplant recipients:
lessons to be learned. Am ] Transplant. (2021) 21:3936-45. doi: 10.1111/ajt. 16742

24. Ajaimy M, Liriano-Ward L, Graham JA, Akalin E. Risks and benefits of kidney
transplantation during the COVID-19 pandemic: transplant or not transplant?
Kidney360. (2021) 2:1179-87. doi: 10.34067/KID.0002532021

25.de Sandes-Freitas TV, de Andrade LGM, Moura LRR, Cristelli MP, Medina-
Pestana JO, Lugon JR, et al. Comparison of 30-day case-fatality rate between dialysis and

Frontiers in Medicine

11

10.3389/fmed.2024.1350657

transplant Covid-19 patients: a propensity score matched cohort study. J Nephrol. (2022)
35:131-41. doi: 10.1007/s40620-021-01172-1

26. Ajibowo AO, Okobi OE, Emore E, Soladoye E, Sike CG, Odoma VA. et al,
Cardiorenal Syndrome: a literature review. Cureus. (2023) 15:e41252. doi: 10.7759/
cureus.41252

27.House AA, Wanner C, Sarnak M]J, Pina IL, McIntyre CW, Komenda P, et al.
Conference participants. Heart failure in chronic kidney disease: conclusions from a
kidney disease: improving global outcomes (KDIGO) controversies conference. Kidney
Int. (2019) 95:1304-17. doi: 10.1016/j.kint.2019.02.022

28. Centers for Disease Control and Prevention (CDC). (2023). People with Certain
Medical Conditions. Centers for Disease Control and Prevention (CDC). Available at:
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-
medical-conditions.html#immunocompromised-state

29. Strangfeld A, Schifer M, Gianfrancesco MA, Lawson-Tovey S, Liew JW, Ljung L,
et al. Factors associated with COVID-19-related death in people with rheumatic
diseases: results from the COVID-19 global rheumatology Alliance physician-reported
registry. Ann Rheum Dis. (2021) 80:930-42. doi: 10.1136/annrheumdis-2020-219498

30. Sharifian-Dorche M, Sahraian MA, Fadda G, Osherov M, Sharifian-Dorche A,
Karaminia M, et al. COVID-19 and disease-modifying therapies in patients with
demyelinating diseases of the central nervous system: a systematic review. Mult Scler
Relat Disord. (2021) 50:102800. doi: 10.1016/j.msard.2021.102800

31. El Karoui K, De Vriese AS. COVID-19 in dialysis: clinical impact, immune
response, prevention, and treatment. Kidney Int. (2022) 101:883-94. doi: 10.1016/j.
kint.2022.01.022

32. Goffin E, Candellier A, Vart P, Noordzij M, Arnol M, Covic A, et al. COVID-19-related
mortality in kidney transplant and hemodialysis patients: a comparative, prospective
registry-based study. Nephrol Dial Transplant. (2021) 36:2094-105. doi: 10.1093/ndt/gfab200

frontiersin.org


https://doi.org/10.3389/fmed.2024.1350657
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1186/s12877-023-04494-w
https://doi.org/10.1111/ajt.16807
https://doi.org/10.1016/j.kint.2020.07.030
https://covid19.who.int/
https://covid19.who.int/
https://doi.org/10.1097/TP.0000000000004462
https://doi.org/10.1111/ajt.16742
https://doi.org/10.34067/KID.0002532021
https://doi.org/10.1007/s40620-021-01172-1
https://doi.org/10.7759/cureus.41252
https://doi.org/10.7759/cureus.41252
https://doi.org/10.1016/j.kint.2019.02.022
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html#immunocompromised-state
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html#immunocompromised-state
https://doi.org/10.1136/annrheumdis-2020-219498
https://doi.org/10.1016/j.msard.2021.102800
https://doi.org/10.1016/j.kint.2022.01.022
https://doi.org/10.1016/j.kint.2022.01.022
https://doi.org/10.1093/ndt/gfab200

	Clinical characteristics and outcomes in COVID-19 in kidney transplant recipients: a propensity score matched cohort study
	Introduction
	Methods
	Study design
	Study participants
	Data collection
	Study groups
	Outcomes
	Statistical analysis
	Ethics

	Results
	Kidney transplant recipients vs. chronic dialysis patients
	Kidney transplant vs. non-chronic kidney disease patients

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

