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Abstract

Background Systematic reviews have shown a high prevalence of long-term persistent sequelae after COVID-19. The aim of
this study was to describe the prevalence and risk factors associated with long-lasting clinical symptoms (LLCS) in survivors
on chronic dialysis at 6 months after the onset of acute COVID-19 infection in the pre-vaccination period.

Methods This national cohort study included all French patients on dialysis who had SARS-Cov-2 infection between March
and December 2020 and who were alive and still on dialysis 6 months after infection. A form was filled in at 6 months
concerning the presence of the following persistent symptoms: extreme fatigue, headache, muscle or weight loss of > 5%,
respiratory sequelae, tachycardia, chest pain, joint or muscle pain, persistent anosmia or ageusia, diarrhea, sensory disorders,
neuro-cognitive disorders, post-traumatic stress syndrome, depression, and anxiety.

Results Complete survey results were available for 1217 patients (25.2% of those included); 216 (17.7%) had some LLCS.
Probability of 6-month LLCS was higher in patients who were hospitalized in a medical or intensive care unit: OR 1.64
(95% CI 1.16-2.33) and 5.03 (2.94-8.61), respectively. Younger patients had a lower probability of LLCS. Each year on
dialysis, as well as diabetes, overweight or obesity were associated with a higher probability of LLCS by 1.03 (1.01-1.06),
1.53 (1.08-2.17), 1.96 (1.10-3.52) and 2.35 (1.30—4.26), respectively.

Conclusions This national study shows that at least one in six patients on dialysis who have COVID-19 will have LLCS.
Systematic screening in dialysis patients would allow us to identify those who need more careful prevention and long-term
care and to address them towards a rehabilitation pathway.
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Introduction episode complain of symptoms long after the infection.

Data are accumulating on the existence of various sequelae,

Acute infection with SARS-CoV-2 virus is of variable
severity, and for patients who survive, complete recovery is
expected. However, some patients recovering from an acute
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including their nature, intensity and duration. Systematic
reviews have estimated the high prevalence of long-term per-
sistent sequelae of COVID-19 [1-3]. The studies included in
these reviews were highly heterogeneous; most were single-
center, they often included the general hospitalized popula-
tion, and had various follow-up times.

Some studies included more specific populations such
as transplanted patients [4, 5] or patients on dialysis [6,
7]. In fact, SARS-Cov-2 infection is particularly danger-
ous for these patients because they are more vulnerable
owing to their multiple pathologies associated with poor
prognosis during COVID-19. In the French national end-
stage kidney disease (ESKD) registry, the Renal Epidemi-
ology and Information Network (REIN), from the begin-
ning of the pandemic to December 2021, 17% of dialysis
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patients had contracted COVID-19, and 20% of them had
died due to SARS-Cov-2 infection (weekly newsletter
available at https://www.agence-biomedecine.fr/Les-chiff
res-du-R-E-I-N).

The aim of this study by the French REIN registry was
to describe the prevalence and risk factors associated with
long-lasting clinical symptoms of COVID-19 survivors on
chronic dialysis 6 months after the acute onset of COVID-19
in the pre-vaccination period.

Methods
Study design and population

This national cohort study included all patients on dialysis
who had SARS-Cov-2 infection between March 1, 2020 and
December 31, 2020 (before the vaccination period), who
were alive and still on dialysis 6 months after infection, in
all centers and regions of France. Patients were identified
from the French national REIN registry. The goal of the
French ESKD registry is to collect data on all end-stage
kidney disease patients on renal replacement therapy who
are living in France, including the overseas territories. The
details of the organizational principles and quality control
are described elsewhere [8]. This registry, whose strength
lies in its national network and expertise, rapidly set up epi-
demiological monitoring of chronic dialysis patients with
COVID-19 in March 2020. With the help of the REIN clini-
cal research assistants, the nephrologists reported infection
by SARS-CoV-2 in the registry in the presence of suspicious
clinical symptoms, characteristic signs on CT chest scan or a
positive RT-PCR result for SARS-CoV-2 on a nasopharyn-
geal swab. A form reporting their initial condition and out-
come was filled in for each patient [9, 10].

Information

All dialysis patients who were diagnosed with SARS-Cov-2
infection were included, regardless of the clinical presenta-
tion. The clinical and care status was reported according
to 7 groups of illness over time: asymptomatic, mild dis-
ease treated at home, moderate disease treated in a hospital,
severe disease treated in an intensive care unit, death, heal-
ing, and incidental diagnosis. The date of the first report to
the registry was the date of diagnosis. Each modification to
the clinical status was reported upon occurrence. The highest
degree of severity was used in the present study to character-
ize the infection and was defined according to 3 groups of
gravity: mild (asymptomatic, treated at home or incidental
diagnosis), moderate (hospitalization in a medical unit), and
severe (hospitalization in an intensive care unit).
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Six months after SARS-Cov-2 infection, the clinical
research assistant of the registry in close collaboration with
the nephrologists filled in a form for each survivor. The
information collected concerned the absence or presence of
the following persistent clinical symptoms: extreme fatigue,
headache, muscle loss or weight loss > 5%, not recovered,
respiratory sequelae, tachycardia, chest pain, joint or mus-
cle pain, persistent anosmia or ageusia, diarrhea, sensory
disorders, neuro-cognitive disorders, post-traumatic stress
syndrome, depression, anxiety, or other sequelae.

Clinical characteristics collected at last follow-up
included age, sex, comorbidities, mobility status (walks
without help, needs assistance for transfers, or totally
dependent for transfers) and body mass index (BMI).

Statistical analysis

The clinical characteristics of patients with or without long-
lasting clinical symptoms are expressed as frequencies (per-
centage) for qualitative variables and median (interquartile
range) or mean (SD) for quantitative variables. Fisher’s exact
and Wilcoxon tests were used to compare groups. Risk fac-
tors associated with the presence of long-lasting clinical
symptoms were analyzed by logistic regression. Results are
reported as odds ratios (ORs) with their 95% confidence
interval (CI). P<0.05 (two-sided) was considered statisti-
cally significant. SAS software was used for all analyses.

Results

Among 6733 dialysis patients (hemodialysis or peritoneal
dialysis) reported as being infected with SARS-Cov-2
between March 1, 2020 and December 31, 2020, 1907 were
no longer on dialysis at 6 months (death, renal transplanta-
tion, recovery, lost to follow-up) (Fig. 1). Complete survey
results were available for 1217 of 4826 (25.2%) patients.
In 82% of cases, the first diagnosis was by RT-PCR on a
nasopharyngeal swab, 11% by characteristic signs on a CT
chest scan and 4% by suspicious clinical symptoms. Finally,
a positive RT-PCR result was available for 92% of patients.

At 6 months, 216 (17.7%) patients reported having some
long-lasting clinical symptoms. The characteristics of
patients according to the presence of long-lasting clinical
symptoms at 6 months are shown in Table 1. Patients with
long-lasting clinical symptoms were older and had higher
BMI and more frequently associated comorbidities (diabe-
tes, coronary vascular disease, peripheral vascular disease)
than others. They more frequently had severe COVID-19
as well.

The most frequent long-lasting clinical symptoms were
extreme fatigue (52.8%) and muscle or weight loss (31.5%)
(Table 2). Symptoms were isolated in 63.4% of patients, and
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Dialysis patients infected with SARS-Cov-2
between March 01, 2020 and December
31, 2020

N =6733

Drop out N = 1907

Death: 1793 (1322 related to
COVID-19)

Renal transplantation: 56

Recovery: 40

Lost to follow-up: 18

On dialysis at 6 months
N = 4826

Surveys completed
N=1217

Without long lasting
symptoms

N =1001

With long lasting symptoms
N =216

Fig. 1 Study flow chart

21.8% had two, 8.3% three, 6% four and 0.5% five cumula-
tive symptoms.

Factors associated with the probability of having
6-month, long-lasting clinical symptoms are reported in
Table 3. As compared to asymptomatic patients or those
with mild symptoms treated at home, the probability of
long-lasting clinical symptoms in subjects with moderate or
severe disease with hospitalization in a medical or intensive
care unit was increased by 1.64 (95% CI 1.16-2.33) and 5.03
(95% C12.94-8.61), respectively. As compared to patients in
the oldest age group, taken as reference (> 85 years old),
those with younger age had reduced probability of long-
lasting clinical symptoms (OR 0.40, 95% CI 0.19-0.83 for
age <45 years, 0.49 95% CI 0.28-0.85 for age 4564 years).
Each year on dialysis increased the probability by 1.03 (95%
CI 1.01-1.06). Having diabetes, overweight or obesity
increased the probability by 1.53 (95% CI 1.08-2.17), 1.96
(1.10-3.52) and 2.35 (1.30-4.26), respectively. The prob-
ability of long-lasting impaired general condition (extreme
fatigue or weight loss, n=160 [13.1%]) was associated with
hospitalization in an intensive care unit, increased age, and

low or high BMI as compared with the reference group
(23-25 kg/m?), and with history of myocardial infarction.

Discussion

To our knowledge, this study of long-lasting clinical symp-
toms related to COVID-19 is the first of a national cohort
with the longest follow-up for patients on chronic dialysis
recovering from COVID-19. At least one in six dialysis
patients with COVID has long-lasting clinical symptoms.

Other studies have described such long-term persistent
symptoms in patients with chronic kidney disease, but these
studies involved small single-center cohorts. Among 104
adults with transplantation and SARS-CoV-2 infection, 47
(45.2%) showed prolonged symptom duration and clinical
complications at a median follow-up of 64 days, and 22 at
6 months [4]. In this study, diabetes and estimated glomeru-
lar filtration rate predicted the development of post—-COVID-
19 clinical complications. In another study of 67 kidney
transplant patients, post-COVID syndrome was diagnosed
in 70% at 6 months, and 26% reported at least 3 persistent
symptoms [5]. In this study, persistent symptoms were more
frequent in older patients and in those with more comorbidi-
ties. In this same department, 81% of hemodialysis patients
reported at least one persistent symptom at 6 months [6]. In
a French multicenter study, 25/189 (13%) patients exhib-
ited post—COVID-19 cachexia, which was more frequent in
patients with low initial albuminemia [7].

The most common symptom in our patients was weight
or muscle loss (53%), consequences that have seldom been
explored in other studies. As in other studies, extreme
fatigue and weakness was frequently observed: 32% in
our dialysis patients versus 61% in the Gdansk hemodi-
alysis population [6] or 43% in the Gdansk transplanted
population [5], and 39% to 73% in a systematic review [1].
Breathlessness is often recorded in the general population
(39-74%) [1] but is less common in dialysis patients: 15%
in our study and 34% in the Gdansk study. Overall, 13% of
our patients exhibited depression and/or anxiety.

The severity of the initial SARS-Cov-2 infection was
associated with long-lasting symptoms, especially for
patients who were admitted to an intensive care unit. This
finding may not be specific to COVID-19 dialysis patients
because survivors of critical illness frequently have long-
term physical, neuropsychiatric, and quality-of-life impair-
ments [11]. Similar to other studies, we found persistent
symptoms in frail patients such as older patients or in
those with comorbidities or long duration on dialysis.

Long lasting symptoms in CKD patients tend to be
similar to those of the general population. In a recent
systematic review that included 6 studies with more than
6 months of follow-up (2112 patients), fatigue (25-61%),
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Table 1 Characteristics of patients on dialysis according to the presence of long-lasting clinical symptoms at 6 months

COVID-19 population
(6-month follow-up)

Population with
completed survey

Without long-lasting

clinical symptoms

With long-lasting p value*
clinical symptoms

N=4826 N=1217 N=1001 N=216
COVID-19 max severity state
n obs. (missing) 4768 (58) 1216 (1) 1000 (1) 216 (0) <0.0001
Mild 2592 (54.4%) 642 (52.8%) 558 (55.8%) 84 (38.9%)
Moderate 1914 (40.1%) 492 (40.5%) 394 (39.4%) 98 (45.4%)
Severe 262 (5.5%) 82 (6.7%) 48 (4.8%) 34 (15.7%)
Sex
Female 1875 (38.9%) 471 (38.7%) 386 (38.6%) 85 (39.4%) 0.87
Male 2951 (61.1%) 746 (61.3%) 615 (61.4%) 131 (60.6%)
Age (years)
00-44 442 (9.2%) 140 (11.5%) 126 (12.6%) 14 (6.5%) 0.01
45-64 1327 (27.5%) 344 (28.3%) 289 (28.9%) 55 (25.5%)
65-74 1366 (28.3%) 337 (27.7%) 266 (26.5%) 71 (32.9%)
75-84 1160 (24.0%) 266 (21.8%) 220 (22.0%) 46 (21.3%)
85+ 531 (11.0%) 130 (10.7%) 100 (10.0%) 30 (13.9%)
BMI (kg/m?)
n obs. (missing) 4380 (446) 1142 (75) 930 (71) 212 (4) 0.04
<185 223 (5.1%) 53 (4.6%) 44 (4.7%) 9(4.2%)
18.5-23 926 (21.1%) 275 24.1%) 230 (24.7%) 45 (21.2%)
23-25 608 (13.9%) 162 (14.2%) 143 (15.4%) 19 (9.0%)
25-30 1385 (31.6%) 343 (30.0%) 273 (29.4%) 70 (33.0%)
>30 1238 (28.3%) 309 (27.1%) 240 (25.8%) 69 (32.6%)
Diabetes
n obs. (missing) 4790 (36) 1212 (5) 996 (5) 216 (0) <0.0001
Yes 2449 (51.1%) 607 (50.1%) 478 (48.0%) 129 (59.7%)
No 2341 (48.9%) 605 (49.9%) 518 (52.0%) 87 (40.3%)
Respiratory disease
n obs. (missing) 4691 (135) 1191 (26) 975 (26) 216 (0) 0.14
Yes 444 (9.5%) 115 (9.7%) 92 (9.4%) 23 (10.7%)
Yes with O, 346 (7.4%) 82 (6.9%) 61 (6.3%) 21 (9.7%)
No 3901 (83.1%) 994 (83.4%) 822 (84.3%) 172 (79.6%)
Heart failure
n obs. (missing) 4631 (195) 1185 (32) 973 (28) 212 (4) 0.08
Yes, stage 1-2 670 (14.5%) 168 (14.2%) 129 (13.3) 39 (18.4%)
Yes, stage 3—4 329 (7.1%) 75 (6.3%) 59 (6.0%) 16 (7.5%)
No 3632 (78.4%) 942 (79.5%) 785 (80.7%) 157 (74.1%)
Coronary vascular disease
n obs. (missing) 4693 (133) 1187 (30) 973 (28) 214 (2) 0.01
Yes 794 (16.9%) 182 (15.3%) 140 (14.4%) 42 (19.6%)
Yes with myocardial infarction 461 (9.8%) 122 (10.3%) 93 (9.6%) 29 (13.6%)
No 3438 (73.3%) 883 (74.4%) 740 (76.0%) 143 (66.8%)
Arrhythmia or conduction disorders
n obs. (missing) 4716 (110) 1196 (21) 980 (21) 216 (0) 0.46
Yes 1051 (22.3%) 265 (22.2%) 213 (21.7%) 52 (24.1%)
No 3665 (77.7%) 931 (77.8%) 767 (78.3%) 164 (75.9%)

dyspnea (13-48%), cough (2-13%), arthralgia (15%), tho-
racic pain (9%), and smell and taste disorders (3-24%)
were the most frequent persisting symptoms over 6 months
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Table 1 (continued)
COVID-19 population ~ Population with Without long-lasting ~ With long-lasting p value*
(6-month follow-up) completed survey clinical symptoms clinical symptoms
N=4826 N=1217 N=1001 N=216
Peripheral vascular disease
n obs. (missing) 4606 (220) 1176 (41) 965 (36) 211 (5) 0.02
Yes, stage 1-2 582 (12.6%) 131 (11.1%) 96 (9.9%) 35 (16.6%)
Yes, stage 3—4 456 (9.9%) 122 (10.4%) 101 (10.5%) 21 (9.9%)
No 3568 (77.5%) 923 (78.5%) 768 (79.6%) 155 (73.5%)
Cerebrovascular accident
n obs. (missing) 4732 (94) 1198 (19) 982 (19) 216 (0) 0.11
Yes 527 (11.1%) 133 (11.1%) 104 (10.6%) 29 (13.4%)
Yes with para/hemiplegia 67 (1.4%) 23 (1.9%) 22 (2.2%) 1(0.5%)
No 4138 (87.5%) 1042 (87.0%) 856 (87.2%) 186 (86.1%)
Active cancer
n obs. (missing) 4744 (82) 1203 (14) 988 (13) 215(1) 0.17
Yes 428 (9.0%) 100 (8.3%) 77 (7.8%) 23 (10.7%)
No 4316 (91.0%) 1103 (91.7%) 911 (92.2%) 192 (89.3%)
Walking
n obs. (missing) 4579 (247) 1162 (55) 953 (48) 209 (7) 0.73
Total disability 238 (5.2%) 55 (4.7%) 45 (4.7%) 10 (4.8%)
Assistance 1/3 person 643 (14.0%) 149 (12.8%) 119 (12.5%) 30 (14.3%)
Autonomous 3698 (80.8%) 958 (82.4%) 789 (82.8%) 169 (80.9%)
Location of dialysis treatment at COVID diagnosis
Home 115 (2.4%) 29 (2.4%) 25 (2.5%) 4 (1.9%) 0.80
Facility-based 4711 (97.6%) 1188 (97.6%) 976 (97.5%) 212 (98.1%)
Time on dialysis before infection (years)
Mean (SD) 5.3(6.7) 5.4 (7.0) 5.2(6.7) 6.2 (8.3) 0.13
Median (IQR) 3 (0-53.5) 3 (0-53.5) 2.9(0-45.8) 3.5(0-53.5)

obs. Observations, IQR interquartile range
“Comparing groups with and without long-lasting symptoms

Table 2 Frequency of persistent symptoms

Muscle loss or weight loss > 5% not recovered at 6 months 52.8%
Extreme fatigue 31.5%
Respiratory symptoms or chest pain 14.8%
Post-traumatic distress syndrome, depression, anxiety 13.0%
Joint or muscle pain 9.3%
Sensory disorders 8.8%
Diarrhea 6.0%
Neuro-cognitive disorders 5.1%
Headache 8.8%
Tachycardia 2.8%
Persistent anosmia or ageusia 2.3%
Other 3.2%

and mental health conditions should be excluded [13].
Research has made substantial progress, and some medi-
cal interventions can be now proposed [14, 15].

The strength of our study is that the data were obtained
from a national registry. However, our results should be
interpreted with caution since, first of all, defining symp-
toms as sequelae 6 months after infection should be done
with great caution. Some symptoms are frequent in the
dialysis population and could be part of the natural dis-
ease evolution. Moreover, patients may have changed their
treatment unit, so assessing a change, or lack thereof in
comparison to the previous 6 months is difficult. Second,
given the number of surveys that were returned, we cannot
exclude some selection bias. However, this bias could be
in favor of fewer sequelae (the survey is easier to answer
when there is a lack of sequelae, or perhaps the staff in
centers with a great burden of COVID-19 patients could
be exhausted and not willing to answer the survey), or
nephrologists who were more aware of the possibility of
sequelae may have been more willing to complete the sur-
vey. Third, the number of patients limited our analysis
of factors associated with long-lasting clinical symptoms,
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Table 3 Factors associated with long-lasting clinical symptoms or
impaired general condition (extreme fatigue or weight loss)

All long-lasting
clinical symptoms
N=216

OR 95% WaldCI OR 95% Wald CI

Impaired general
condition
N=160

Highest degree of severity

Mild 1
Moderate 1.64 1.16-2.33 1.47 0.99-2.18
Severe 5.03 2.94-8.61 430 2.36-7.84
Age (years)
0-44 0.40 0.19-0.83 0.26 0.11-0.62
45-64 0.49 0.28-0.85 041 0.22-0.76
65-74 0.71 0.42-1.22 0.60 0.33-1.10
75-84 0.65 0.37-1.14 0.58 0.31-1.09
>85 1 1
Time on dialysis before 1.03 1.01-1.06 1.03 1.00-1.05
infection (years)
Diabetes 1.53 1.08-2.17
BMI (kg/m?)
<18.5 1.70  0.68-4.24 3.57 1.23-10.33
18.5-23 1.70  0.92-3.12 2.74 1.24-6.05
23-25 1
25-30 1.96 1.10-3.52 347 1.61-7.49
>30 2.35 1.30-4.26 499 2.30-10.83
Coronary artery disease 1.31 0.80-2.14
Myocardial infarction 2.05 1.18-3.57

OR odds ratio, CI confidence interval

and the lack of power could explain the non-identification
of some associations found in the general population.
Fourth, our survey was completed by nephrologists and
research assistants and was not based on a standardized
form directly filled in by the patients. Finally, the low rate
of return can be explained by the difficult working condi-
tions in this time of crisis and the priority given to the
registration of all COVID-19 cases.

Systematic screening of long-lasting clinical symptoms
in dialysis patients would allow us to identify those who
need more careful prevention and long-term care and to
address them towards rehabilitation pathways [16, 17].
Older people are at increased risk of having poorer general
conditions and require a greater amount of care. We need
studies investigating the protective effect of vaccination
on the incidence of long-lasting clinical symptoms after
SARS-Cov-2 infection in dialysis patients.
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