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Abstract
Background The mental health of dialysis patients during the COVID-19 pandemic may have been modulated by dialysis 
modality. Studies comparing mental health of in-center hemodialysis and peritoneal dialysis patients during the first 2 years 
of the pandemic are lacking.
Methods We conducted repeated cross-sectional and multivariable regression analyses to compare the mental health of 
in-center hemodialysis and peritoneal dialysis patients from March 2019 until August 2021 using data from the Dutch nOc-
turnal and hoME dialysis Study To Improve Clinical Outcomes. The study period was divided into one pre-pandemic and 
six 3-month pandemic periods (period 1–period 6). Mental health was assessed with the Mental Component Summary score 
of the 12-item Short Form health survey and mental symptoms of the Dialysis Symptom Index.
Results We included 1274 patients (968 on in-center hemodialysis and 306 on peritoneal dialysis). Mental Component Sum-
mary scores did not differ between in-center hemodialysis and peritoneal dialysis patients. In contrast, in-center hemodialysis 
patients more often reported nervousness during period 3 (27% vs 15%, P = 0.04), irritability and anxiety during period 3 
(31% vs 18%, P = 0.03, 26% vs. 9%, P = 0.002, respectively) and period 4 (34% vs 22%, P = 0.04, 22% vs 11%, P = 0.03, 
respectively), and sadness in period 4 (38% vs 26%, P = 0.04) and period 5 (37% vs 22%, P = 0.009). Dialysis modality was 
independently associated with mental symptoms.
Conclusions In-center hemodialysis patients more often experienced mental symptoms compared to peritoneal dialysis 
patients from September 2020 to June 2021, which corresponds to the second lockdown of the COVID-19 pandemic. Mental 
health-related quality-of-life did not differ between in-center hemodialysis and peritoneal dialysis patients.
Trial registration number Netherlands Trial Register NL6519, date of registration: 22 August, 2017.
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Graphical abstract

Conclusions: ICHD pa�ents experienced more mental symptoms than
PD pa�ents during the COVID-19 pandemic, possibly because of more 
fear of infec�on in ICHD pa�ents during in-center treatment.
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Background:
The mental health of dialysis pa�ents during the 
COVID-19 pandemic possibly differed according 
to dialysis modality. Studies comparing the 
mental health of in-center hemodialysis (ICHD)
and peritoneal (PD) pa�ents during the first two
years of the pandemic are lacking.

Prospec�ve mul�-center cohort             
The Netherlands and Belgium

12-item Short Form health survey 
Dialysis Symptom Index
One year pre-pandemic period
Six three-month pandemic periods
.

Repeated cross-sec�onal design
Mul�variable regression analysis

Methods:

Results:

Sep 2020-Nov 2020 Dec 2020-Feb 2021 Mar 2021-May 2021

MCS 
score

adjusted β
(95% CI)

1.18 
(-1.65, 4.00)

1.80 
(-0.57, 4.16)

0.10
(-2.24, 2.43)

Feeling 
nervous

adjusted OR
(95% CI)

0.48
(0.23-0.99)

0.82 
(0.47-1.44)

0.68 
(0.36-1.27)

Feeling 
irritable

adjusted OR
(95% CI)

0.45
(0.22-0.91)

0.52
(0.29-0.92)

0.61 
(0.34-1.10)

Feeling 
sad

adjusted OR
(95% CI)

0.61 
(0.34-1.11)

0.56
(0.32-0.97)

0.47
(0.27-0.82)

Feeling 
anxious

adjusted OR
(95% CI)

0.27 
(0.11-0.66)

0.41
(0.20-0.85)

0.74 
(0.39-1.40)

ICHD n=968 PD n=306

β coefficient > 0 means worse mental component summary score (MCS) in ICHD
Odds ra�o (OR) < 1 means higher odds of mental symptoms in ICHD

Second lockdown
reference group

Keywords COVID-19 · Hemodialysis · Peritoneal dialysis · Quality of life · Cohort study · Pandemic

Introduction

The COVID-19 pandemic had a major impact on the men-
tal health of the general population [1]. During lockdowns, 
nationwide restrictions mainly focused on protecting the 
general population against COVID-19. The combination 
of fear of COVID-19 and the impact of these restrictions 
may have impaired mental health, especially in patients with 
chronic diseases [2, 3]. Dialysis patients were also at risk of 
severe COVID-19 [4, 5], yet no changes in mental health 
were observed during the first COVID-19 wave [6]. Also 
during the second wave, from January 2021 to June 2021, 
no change in mental health was observed [7]. Since later 
phases of the pandemic were not included in these stud-
ies, it remains unknown to what extent the mental health of 
dialysis patients changed during the COVID-19 pandemic.

Only few studies have compared the mental health 
between in-center hemodialysis (ICHD) and peritoneal 
dialysis (PD) patients during the pandemic. In two Asian 
single-center, cross-sectional studies, ICHD patients experi-
enced more psychological distress compared to PD patients 
during the first year of the pandemic [8, 9]. In contrast, PD 
patients more often reported anxiety in a Turkish cross-
sectional multi-center study [10]. The poorer mental health 
among ICHD patients could be explained by difficulty to 
self-isolate during multiple dialysis center visits per week. 
This was not the case for PD patients who performed their 

dialysis treatment at home. Consequently, PD patients had 
less contact with other patients and dialysis staff [11], which 
could have caused feelings of loneliness. Differences in men-
tal health between ICHD and PD patients are therefore likely 
to have occurred during the COVID-19 pandemic, however 
this has not been investigated extensively.

In this study, we aimed to assess whether dialysis modali-
ties affected mental health differently during the first two 
years of the COVID-19 pandemic, including lockdown 
periods and the first COVID-19 vaccination campaign. It is 
important to identify possible differences in mental health 
between dialysis patients, so that appropriate support may 
be provided during future outbreaks. We hypothesized that 
ICHD patients experienced more anxiety because of fear 
of being infected with COVID-19 whilst visiting dialysis 
centers. We also expected PD patients to experience worse 
mental health due to long-lasting social isolation.

Materials and methods

Study population, design, and period

Adult patients participating in the Dutch nOcturnal and 
hoME dialysis Study To Improve Clinical Outcomes 
(DOMESTICO) were included for analysis. DOMESTICO 
is an ongoing multi-center prospective observational cohort 
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study in the Netherlands and Belgium, comparing health-
related quality of life (HRQOL), clinical outcomes, and 
cost-effectiveness between ICHD and home-treated dialy-
sis patients. The study protocol was published previously 
[12]. Patient inclusion started on December 20th, 2017. 
Data were collected at baseline, 3 months, 6 months, and 
every 6 months thereafter and will end in December 2023. 
Primary ethical approval was obtained from the medical 
research ethics committee of the VU University Medical 
Center Amsterdam, on December 7th, 2017. The DOMES-
TICO study is registered in the International Clinical Trial 
Registry Platform (number: NTR6736, date of registration: 
22 August, 2017).

Using DOMESTICO data, we conducted repeated 
cross-sectional analyses to assess differences in mental 
health between ICHD and PD patients from the start of the 
COVID-19 pandemic on March 1st, 2020 to August 31st, 
2021, 3 months after the end of the second lockdown. Dur-
ing the pandemic, COVID-19 incidence and restrictions 
varied widely. We therefore chose to divide the pandemic 
into six 3-month periods (P1–P6), as demonstrated in Fig. 1. 
This enabled us to distinguish characteristic phases of the 
pandemic, and include a representative sample in all periods. 
The pre-pandemic period, lasting from March 1st, 2019 to 
February 29th, 2020, was used as reference. Patients were 
included for analyses if they filled in at least one question-
naire in one of the above mentioned periods. We excluded 
home hemodialysis patients from analysis because of low 
representation in the cohort (n = 14, see Figure S2). We 
reported our results in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guidelines (see Supplement Materi-
als) [13].

Data collection

Mental HRQOL was assessed using the Mental Component 
Summary (MCS) score of the 12-item Short Form (SF-12) 
health survey. Mental Component Summary scores were cal-
culated using standard algorithms, meaning that a healthy 
individual scores 50 points on a scale of 0–100 with a stand-
ard deviation of 10 points. Mental symptoms were measured 
using the Dialysis Symptom Index (DSI), from which we 
included 8 mental symptoms, namely difficulty concentrat-
ing, worrying, feeling nervous, difficulty falling asleep, 
difficulty staying asleep, feeling irritable, feeling sad, and 
feeling anxious. Symptom severity was assessed on a 5-point 
Likert Scale (1 “no burden”, 2 “some burden”, 3 “moderate 
burden”, 4 “much burden”, and 5 “severe burden”).

Primary kidney disease was categorized according to the 
European Renal Association (ERA) coding system [14]. 
Comorbidity was assessed by the Charlson Comorbidity 
Index (CCI) [15]. Patients were categorized into three CCI Fi
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categories (CCI score of 2 reflecting only end-stage kidney 
disease; CCI score of 3–4 reflecting intermediate comorbid-
ity; CCI score of ≥ 5 reflecting severe comorbidity). Psychi-
atric treatment was defined as active treatment for psychi-
atric disease at baseline. We additionally retrieved data on 
COVID-19 vaccination from the Dutch Dialysis Registry 
(RENINE). Living situation was categorized as “Living 
alone” or “Living with other”. Educational level was cat-
egorized into “Higher”, “Intermediate” or “Lower” accord-
ing to Statistics Netherlands [16]. Participants’ employment 
status was derived from the iMTA Productivity Cost Ques-
tionnaire (iPCQ). Employment was categorized into “Yes”, 
“No, unemployed or unfit to work” or “No, retired, other or 
unknown reason”.

Statistical analyses

Patient characteristics were presented at baseline and peri-
odically by using descriptive statistics. Baseline was set at 
time of study inclusion in DOMESTICO. Mental health was 
evaluated periodically for all patients first, and subsequently 
stratified for ICHD and PD patients. We compared MCS 
scores between ICHD and PD patients using the Student’s t 
test, and used Chi-squared test to compare the prevalence of 
mental symptoms. We further tested for differences in men-
tal symptom severity (1–2 versus 3–5) by using Chi-squared 
test or Fisher’s exact test if assumptions were violated.

Next, we performed multivariable regression analyses for 
associations between dialysis modality and mental health. 
Linear regression analysis was used for MCS scores, and 
logistic regression for mental symptoms. Confounders were 
selected on theoretical plausibility, and clustered in four 
different models. In model 1, we introduced age, and sex. 
Subsequently, we introduced psychiatric treatment in model 
2, acute start of dialysis treatment in model 3, and employ-
ment status and living situation in model 4. Estimates were 
presented as adjusted odds ratio’s (aOR). Regression analy-
ses were performed on an imputed dataset. For imputation, 
we used multiple imputation by chained equations (MICE) 
with 50 iterations to construct five imputed datasets. We 
only imputed variables that were identified as confounders. 
As a sensitivity analysis, we repeated regression analyses on 
the non-imputed dataset. All analyses were performed using 
IBM SPSS Statistics 27. A significance level (α) < 0.05 was 
considered statistically significant.

Results

Study population and patient characteristics

Of the 1993 dialysis patients enrolled in DOMESTICO, 
1274 filled in a questionnaire during the study period, of 

whom 968 were ICHD and 306 were PD patients (Figure 
S1). At baseline, ICHD and PD patients were aged 65 ± 14 
and 64 ± 14 years, respectively (Table 1). The majority of 
patients were male (ICHD: 68%, PD: 60%). Peritoneal dialy-
sis patients had fewer additional comorbidities compared to 
ICHD patients (CCI score of 2: 38% versus 29%). Dialysis 
treatment more often started acutely in ICHD than in PD 
(20% versus 5%), and the median dialysis vintage was longer 
in ICHD (11 months [4–17]) than in PD patients (6 months 
[2–17]). Among dialysis patients whose SARS-CoV-2 vac-
cination status was known (n = 649, 51%), 28 patients (4%) 
refused vaccination.

Inclusion of patients in the six different periods during 
the COVID-19 pandemic is shown in Figure S1. The char-
acteristics of ICHD and PD patients within each period are 
summarized in Table S1. Periodically, we found a similar 
distribution of sex and comorbidity as present at baseline. 
In-center hemodialysis patients had a higher median dialysis 
vintage than PD patients in P5 and P6 (12 [4–19] vs 8 [3–19] 
and 12 [5–19] vs 7 [3–19] months, respectively). In-center 
hemodialysis patients more frequently were unemployed or 
unfit for work compared to PD patients (P3: 21% vs 13%, P4: 
21% vs 15%, P5: 23% vs 11%, respectively), and more often 
lived alone (P1: 30% vs 25%, P5: 31% vs 21%).

Mental health in dialysis patients

The mean MCS score of all dialysis patients during 
any study period, varied between 47 and 49 (Fig. 2 and 
Table S2). Sleeping problems and worrying were the most 
reported mental symptoms in all periods (difficulty staying 
asleep in 52–59%; difficulty falling asleep in 42–48%; wor-
rying 37–42%). Less frequently reported symptoms during 
the pandemic were sadness (33–37%), difficulty concentrat-
ing (29–36%), irritability (24–31%), nervousness (22–30%), 
and anxiety (18–23%).

The mental health status in ICHD and PD patients before 
and during the pandemic is presented in Table S3. The mean 
MCS score did not differ between ICHD and PD patients 
during any period. Before the pandemic, nervousness and 
sadness were more prevalent in ICHD patients than in PD 
patients (32% vs 22%, p = 0.03, and 40% vs 29%, p = 0.03, 
respectively), as shown in Fig. 3. These differences were 
not found in P1 and P2. During P3, however, more ICHD 
patients reported feeling nervous compared to PD patients 
(27% vs. 15%, p = 0.04), and more often felt sad in P4 (38% 
vs 26%, p = 0.04) and in P5 (37% vs 22%, p = 0.009). In con-
trast to nervousness and sadness, we observed differences 
in irritability and anxiety that were not present before the 
pandemic. In P3 and P4, ICHD patients more often reported 
feeling irritable (P3: 31% vs 18%, p = 0.03, P4: 34% vs 22%, 
p = 0.04), or anxious (P3: 26% vs 9%, p = 0.002, P4: 22% 
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vs 11%, p = 0.03). These differences in mental symptoms 
were not accompanied by differences in symptom severity 
(Table S4).

In multivariable regression analysis, dialysis modality 
was independently associated with mental symptoms (Fig. 4, 
Table S5). In comparison to ICHD patients, we found a 
lower prevalence in PD patients for anxiety in P3 (aOR 
0.27 [0.11–0.66], p = 0.004) and P4 (aOR 0.41 [0.20–0.85], 
p = 0.02), and irritability in P3 (aOR 0.45 [0.22–0.91], 
p = 0.03) and P4 (aOR 0.52 [0.29–0.92], p = 0.03). These 
associations were not observed before the COVID-19 pan-
demic. In contrast, both before and during the pandemic, 
PD was associated with lower prevalence of nervousness 
(pre-pandemic: aOR 0.58 [0.36–0.92], p = 0.02, P2: aOR 
0.47 [0.24–0.91], p = 0.03, P3: 0.48 [0.23–0.99], p = 0.05) 
and sadness (pre-pandemic: aOR 0.61 [0.39–0.93], p = 0.02, 
P4: aOR 0.56 [0.32–0.97], p = 0.04, P5: 0.47 [0.27–0.82], 
p = 0.008). We did not find any association between dialysis 
modality and MCS scores. Sensitivity analysis, using the 
non-imputed dataset, showed similar results (Table S6).

Discussion

In this study, we found a higher prevalence of mental symp-
toms in ICHD compared to PD patients in the period Sep-
tember 2020 to June 2021, which corresponds to the second 
lockdown. In-center hemodialysis patients reported more 
nervousness, sadness, irritability, and anxiety compared 
to PD patients. Interestingly, these differences were not 
reflected by a lower mental HRQOL in ICHD patients.

Previous studies reported differences in mental health 
between ICHD and PD patients during the COVID-19 
pandemic. Two single-center cross sectional studies found 
higher mental burden in ICHD patients. A Chinese study 
used the Impact of Event Scale (IES), and found higher pan-
demic-related stress levels in 76 ICHD patients compared 
to 156 PD patients [8]. A Korean study surveyed 148 dialy-
sis patients during a COVID-19 incidence peak, and found 
higher scores of depression, anxiety, and stress in ICHD 
patients [9]. In contrast, a Turkish multi-center cross-sec-
tional study involving 116 ICHD and 130 PD patients found 
a higher prevalence of anxiety in PD patients [10], measured 
by the Hospital Anxiety and Depression Scale (HADS). Our 
study measured mental health in a large cohort during multi-
ple periods of the COVID-19 pandemic. In contrast to what 
we expected, mental HRQOL was not lower in PD than in 
ICHD patients, despite social isolation, lack of peer sup-
port and less contact with healthcare providers. We found a 
higher prevalence of mental symptoms in ICHD compared 
to PD patients, which might suggest that ICHD patients felt 
unsafe in dialysis centers during the pandemic.

Table 1  Baseline characteristics of in-center hemodialysis and perito-
neal dialysis patients

ICHD in-center hemodialysis, PD peritoneal dialysis, SD standard 
deviation, BMI body mass index, IQR interquartile range
a 698 dialysis patients (55%) have data available on BMI

ICHD PD
n = 968 n = 306

Age, years, mean (SD) 65 (14) 64 (14)
Sex, male, n (%) 654 (68) 185 (60)
Primary kidney disease, n (%)
 Glomerular disease 92 (10) 30 (10)
 Pyelonephritis 42 (4) 14 (5)
 Polycystic kidney disease 48 (5) 17 (6)
 Hypertension 123 (13) 35 (11)
 Renal vascular disease 71 (7) 30 (10)
 Diabetic kidney disease 149 (15) 41 (13)
 Miscellaneous 127 (13) 40 (13)
 Unknown 316 (33) 99 (32)

Charlson Comorbidity Index (CCI), n (%)
 CCI 2 281 (29) 115 (38)
 CCI 3–4 364 (38) 103 (34)
 CCI ≥ 5 282 (29) 73 (24)
 Unknown 41 (4) 15 (5)
  BMIa, kg/m2, mean (SD) 28 (6) 27 (5)
 Psychiatric treatment, n (%) 17 (2) 10 (3)
 Acute start dialysis, n (%) 192 (20) 14 (5)
 Dialysis vintage, months, median (IQR) 11 (4–17) 6 (2–17)

Previous kidney transplantation, n (%)
 Yes 88 (9) 22 (7)
 No 552 (57) 166 (54)
 Unknown 328 (34) 118 (39)

Living situation, n (%)
 Living alone 272 (28) 77 (25)
 Living with others 571 (59) 191 (62)
 Unknown 125 (13) 38 (12)

Educational level, n (%)
 Higher 182 (19) 51 (17)
 Intermediate 195 (20) 72 (24)
 Lower 410 (42) 127 (42)
 Other 51 (5) 14 (5)
 Unknown 130 (13) 42 (14)

Employment, n (%)
 Yes 137 (14) 56 (18)
 No, unemployed or unfit for work 220 (23) 58 (19)
 No, retired, other or unknown reason 596 (62) 191 (62)
 Unknown 15 (2) 1 (< 1)

COVID-19 vaccination, n (%)
 Vaccinated 479 (49) 142 (46)
 Not vaccinated 21 (2) 7 (2)
 Unknown 468 (48) 157 (51)
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Differences in mental symptoms between ICHD and PD 
patients could be explained by differences between treatment 
locations. Peritoneal dialysis patients were preferably con-
tacted by telephone by the treatment center, and could more 
easily self-isolate during lockdowns. In ICHD patients, fear 
of contracting COVID-19 during group patient transfers or 
dialysis treatment has previously been related to increased 
anxiety [17, 18]. These concerns seem reasonable given the 
high COVID-19-related mortality rate in this population at 
that time [4, 5, 19]. In dialysis centers, preventive measures 
included distancing, wearing facemasks, temperature con-
trols and isolation if COVID-19 was suspected. In addition, 
ICHD patients experienced other patients being severely ill 

or dying from COVID-19. These experiences could have 
frequently confronted ICHD patients with the possibility 
and consequences of being infected. Additional measures, 
such as targeted psychosocial support or information provi-
sion could be considered to decrease the impact of mental 
stressors present within dialysis centers [17, 20, 21]. How-
ever, these supporting care facilities were not always avail-
able during the pandemic. Our findings justify considering 
additional measures to preserve mental health during future 
pandemic outbreaks, especially in ICHD patients, and dem-
onstrate the advantages of home-based dialysis treatment.

During the pandemic, differences in mental symptoms 
between ICHD and PD patients were solely observed in 

Fig. 2  Mental component summary score (A) and prevalence of mental symptoms (B) in dialysis patients before and during the COVID-19 pan-
demic
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study periods corresponding to the second lockdown in 
the Netherlands (P3–P5), but disappeared after COVID-19 
vaccination (P6). After commencement of the vaccination 
program, mental health between ICHD and PD no longer 
differed. Almost all patients in our cohort whose vaccination 
status was known were vaccinated (96%). Within the Dutch 
dialysis population, high antibody levels have been meas-
ured after COVID-19 vaccination [22], which has been cor-
related with lower risk of severe COVID-19 [23, 24]. These 
findings were shared with dialysis staff and patients, which 
could have decreased concerns. Previous data showed that 
anxiety and depression scores in dialysis patients decreased 
15 days after vaccination [21]. In our cohort, vaccination 
might have also decreased fear of COVID-19.

We observed no difference in mental HRQOL between 
ICHD and PD patients, despite higher rates of mental symp-
toms in ICHD patients. These contradictory findings suggest 
lack of construct validity of MCS scores to detect differences 
in mental health. On the other hand, the SF-12 question-
naire has previously demonstrated adequate responsiveness 
in measuring mental HRQOL when compared to the 36-item 
Short Form health survey (SF-36) [25]. Clinically relevant 
change, however, has not yet been established for SF-12 
outcomes in dialysis patients. An advantage of the DSI is 
that symptoms are measured on a 5-point Likert scale. A 
one-unit-increment on the scale is likely to represent a clini-
cally relevant change, as has been demonstrated for another 
questionnaire [26]. In this study, we demonstrate the utility 
of using both a generic HRQOL and a symptom question-
naire when aiming to measure differences in mental health. 
Future research should address construct validity and mini-
mal import change for the SF-12 health survey in dialysis 
patients.

The repeated cross-sectional design in our study is not 
suitable to analyze changes in mental health over time, but 
other studies were able to do so. Two single-center Chinese 
studies of 247 and 100 ICHD patients found lower HRQOL 
and higher rates of anxiety during the first lockdown, respec-
tively [17, 27]. A previous DOMESTICO cohort study, 
by Bonenkamp et al., found similar results in 177 Dutch 
dialysis patients during the first lockdown [6]. In another 
Dutch study, Nadort et al. found no difference in anxiety and 
depression in 121 ICHD patients during the second lock-
down [7]. The stable mental health observed in Dutch dialy-
sis patients was explained by a high resilience against mental 
stressors. In addition, the majority of dialysis patients were 
unemployed, and their weekly routine consisted of frequent 
dialysis treatments. Dialysis patients might have therefore 
experienced only limited impact of nation-wide restrictions 
on daily life.

Our study has some limitations. We did not conduct 
longitudinal analysis on the mental health in our cohort 
because only a small proportion filled in a questionnaire 

before and during at least two pandemic periods involving 
restrictions. Given the prevalence of mental symptoms in our 
cohort, we would have not been able to correct for relevant 
confounders in order to assess an independent association 
between dialysis modality and mental health. By performing 
a repeated cross-sectional analysis, we were able to demon-
strate this independent association during different periods 
of the COVID-19 pandemic. This type of analysis has previ-
ously been used to study mental health during the pandemic 
[28, 29]. Second, we have chosen a three-month interval 
to categorize the COVID-19 pandemic in separate periods. 
We consider this interval to adequately capture the rapidly 
changing circumstances during the pandemic. Although 
these intervals do not completely match the key character-
istic periods, the overlap is substantial and therefore suit-
able to distinguish these phases from one another. Third, 
we did not collect data on COVID-19 diagnosis, and could 
therefore not assess to what extent COVID-19 explains the 
observed difference in mental symptoms between ICHD and 
PD patients. In another ongoing Dutch prospective observa-
tional cohort study, data on COVID-19 diagnosis in dialysis 
patients is being collected [30]. This study might address the 
possible impact of COVID-19 diagnosis on mental health in 
dialysis patients.

The strength of our study lies within the sample size, 
data collection, and the follow-up during the different peri-
ods in the first two pandemic years. First, we included a 
large population of 1274 dialysis patients from centers in the 
Netherlands and Belgium, which enhances external validity 
of our findings. Second, we prospectively collected granular 
individual data. Third, we were able to include reference 
periods both before the pandemic, and after the end of the 
second lockdown. Fourth, data was complete for the major-
ity of cases, and sensitivity analysis on non-imputed data 
showed comparable results.

In conclusion, ICHD patients experienced more mental 
symptoms than PD patients during the COVID-19 pandemic, 
which endured as long as restrictive measures were applied. 
Monitoring mental health in dialysis patients during future 
pandemics is of importance to adequately support those who 
might benefit from additional supportive measures.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40620- 023- 01747-0.

Acknowledgements DOMESTICO collaborators: Steering committee 
members: AC Abrahams and MC Verhaar, University Medical Center 
Utrecht; BC van Jaarsveld, Amsterdam University Medical Centers and 
Diapriva Dialysis Center Amsterdam; FW Dekker, Leiden University 
Medical Center; FJ van Ittersum, Amsterdam University Medical 
Centers; W Konijn, Dutch Kidney Patients Association (NVN); MH 
Hemmelder, Maastricht University Medical Center; MAGJ ten Dam, 
Nefrovisie and Canisius‐Wilhelmina Hospital Nijmegen. Junior inves-
tigators: A van Eck van der Sluijs and E Driehuis, University Medi-
cal Center Utrecht; AA Bonenkamp, Amsterdam University Medical 
Centers; TS van Lieshout, Amsterdam University Medical Centers and 

https://doi.org/10.1007/s40620-023-01747-0


Journal of Nephrology 

1 3

Northwest Clinics Alkmaar. Research nurse: AJ Roeterdink, University 
Medical Center Utrecht and Amsterdam University Medical Centers. 
Primary investigators: PB Leurs, Admiraal de Ruyter Hospital Goes; 
MR Korte and JB van der Net, Albert Schweitzer Hospital Dordrecht; 
AM Schrander-vd Meer, Alrijne Hospital Leiderdorp; TT Cnossen, 
Amphia Hospital Breda; BC van Jaarsveld, Amsterdam University Med-
ical Centers and Diapriva Dialysis Center Amsterdam; GF van Breda, 
Amsterdam University Medical Centers and Elyse Clinics Amsterdam, 
A De Vriese, AZ Sint-Jan Brugge; J Lips, Bernhoven Hospital Uden; 
HP Krepel, Bravis Hospital Roosendaal; MAGJ ten Dam, Canisius‐
Wilhelmina Hospital Nijmegen; CJAM Konings, Catharina Hospital 
Eindhoven; A van Eck van der Sluijs, Deventer Hospital; A Lips, 
Dialysis Center Beverwijk; A Özyilmaz, Dialysis Center Groningen; A 
Neradova, Dianet Amsterdam; FTJ Boereboom, Dianet Utrecht; S van 
Esch, Elisabeth-TweeSteden Hospital Tilburg; CR Susanto, Elkerliek 
Hospital; EJ Hoorn and D Severs, Erasmus Medical Center Rotterdam; 
AH Boonstra, Flevohospital Almere; RW Nette and MAM Verhoeven, 
Franciscus Gasthuis & Vlietland Rotterdam; YM Vermeeren, Gelre 
Hospitals Apeldoorn; DHT Ijpelaar, Groene Hart Hospital Gouda; 
NH Hommes, Haaglanden Medical Center The Hague; M van Buren, 
HagaHospital The Hague; JM Hofstra, Hospital Gelderse Vallei Ede; 
KW Mui and SH Binnenmars, Hospital St. Jansdal Harderwijk; SHA 
Diepeveen, Isala Zwolle; EK Hoogeveen, Jeroen Bosch Hospital’s Her-
togenbosch; T Cornelis, Jessa Hospital Hasselt; S Boorsma, Laurentius 
Hospital Roermond, JI Rotmans, Leiden University Medical Center; 
AM van Alphen, Maasstad Hospital Rotterdam; EJR Litjens and MH 
Hemmelder, Maastricht University Medical Center; WMT Janssen, 
Martini Hospital Groningen; A Kuijper and CH Beerenhout, Máxima 
Medical Center Veldhoven; L Bierma and AY Adema Medical Center 
Leeuwarden; RMJ Wijering, Medical Spectrum Twente Enschede; W 
Rüger, Niercentrum aan de Amstel; RJ Bosma, Niercentrum Midden 
Nederland Amersfoort; EL Penne, Northwest Clinics Alkmaar; CWH 
de Fijter and HFH Brulez, OLVG Amsterdam; HW van Hamersvelt and 
WAG van der Meijden, Radboudumc Nijmegen; SJ Huisman, Reinier 
de Graaf Gasthuis Delft; JC Verhave, Rijnstate Arnhem; G van Kem-
pen, Saxenburgh Medical Center; HHTI Klein, Slingeland Hospital 
Doetinchem; CE Douma, Spaarne Gasthuis Hoofddorp; WJW Bos, 
St. Antonius Hospital Nieuwegein; JD Snoep, Tergooi Hilversum; J 
Mulder, Treant Zorggroep Emmen; CFM Franssen, University Medical 
Center Groningen; AC Abrahams, University Medical Center Utrecht; 
K François, UZ Brussel, Vrije Universiteit Brussel; AJ Luik, VieCuri 
Medical Center Venlo; RJL Klaassen and A van Tellingen, Zaans 
Medical Center Zaandam; MMG Dekker, Ziekenhuisgroep Twente; 
AG Weenink, ZorgSaam Hospital Terneuzen; MME Krekels, Zuyder-
land Sittard.

Author contributions PB, ZS, MH, RV, BJ, and AA designed the study. 
ZS, MH, JL, JM, and AB collected data. PB, ZS, and RV performed 
the analyses. PB, ZS, RV, MH, BJ, and AA interpreted the data. PB, 
ZS, and AA drafted the manuscript. All authors provided intellectual 
content of critical importance to the study, and revised and approved 
the final manuscript.

Funding The DOMESTICO study is supported by grants of ZonMw, 
Dutch Kidney Foundation, Fresenius Medical Care Deutschland 
GmbH, Baxter, Dirinco, Cablon Medical, Eurocept Homecare, Astra-
Zeneca, Bayer, CSL Vifor, and Novartis. The grant of ZonMw is 
provided from the ‘Health care efficiency research’ programme and 
focusses on the part of this study concerning HRQOL. ZonMw has 
independently peer reviewed the study protocol. With the Fresenius 
Medical Care Deutschland GmbH grant, clinical outcomes will be 
investigated, and the grant of Baxter focusses on costs and cost-effec-
tiveness. The sponsors did not play a role in the study design and the 
preparation of this article.

Data sharing statement The datasets generated during and/or analyzed 
during the current study are subject to an embargo of twelve months 
after completion of the DOMESTICO study. Once the embargo expires, 
the data will be available upon reasonable request.

Declarations 

Conflict of interest None declared.

Ethical approval Primary ethical approval was obtained from the medi-
cal research ethics committee of the VU University Medical Center 
Amsterdam (reference number: 2017.491). The DOMESTICO study 
is conducted in accordance with the principles of the Declaration of 
Helsinki and the Medical Research Involving Human Subjects Act 
(WMO).

Informed consent All participants provided informed consent prior 
to their participation.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Pierce M, Hope H, Ford T et al (2020) Mental health before and 
during the COVID-19 pandemic: a longitudinal probability sam-
ple survey of the UK population. Lancet Psychiatry 7(10):883–
892. https:// doi. org/ 10. 1016/ s2215- 0366(20) 30308-4

 2. Wu T, Jia X, Shi H et al (2021) Prevalence of mental health prob-
lems during the COVID-19 pandemic: a systematic review and 
meta-analysis. J Affect Disord 281:91–98. https:// doi. org/ 10. 
1016/j. jad. 2020. 11. 117

 3. Xiong J, Lipsitz O, Nasri F et al (2020) Impact of COVID-19 
pandemic on mental health in the general population: a systematic 
review. J Affect Disord 277:55–64. https:// doi. org/ 10. 1016/j. jad. 
2020. 08. 001

 4. Gansevoort RT, Hilbrands LB (2020) CKD is a key risk factor for 
COVID-19 mortality. Nat Rev Nephrol 16(12):705–706. https:// 
doi. org/ 10. 1038/ s41581- 020- 00349-4

 5. Hilbrands LB, Duivenvoorden R, Vart P et al (2020) COVID-
19-related mortality in kidney transplant and dialysis patients: 
results of the ERACODA collaboration. Nephrol Dial Transpl 
35(11):1973–1983. https:// doi. org/ 10. 1093/ ndt/ gfaa2 61

 6. Bonenkamp AA, Druiventak TA, van Eck van der Sluijs A, van 
Ittersum FJ, van Jaarsveld BC, Abrahams AC (2021) The impact 
of COVID-19 on the mental health of dialysis patients. J Nephrol 
34(2):337–344. https:// doi. org/ 10. 1007/ s40620- 021- 01005-1

 7. Nadort E, Rijkers N, Schouten RW et al (2022) Depression, anxi-
ety and quality of life of hemodialysis patients before and during 
the COVID-19 pandemic. J Psychosom Res 158:110917. https:// 
doi. org/ 10. 1016/j. jpsyc hores. 2022. 110917

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s2215-0366(20)30308-4
https://doi.org/10.1016/j.jad.2020.11.117
https://doi.org/10.1016/j.jad.2020.11.117
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1038/s41581-020-00349-4
https://doi.org/10.1038/s41581-020-00349-4
https://doi.org/10.1093/ndt/gfaa261
https://doi.org/10.1007/s40620-021-01005-1
https://doi.org/10.1016/j.jpsychores.2022.110917
https://doi.org/10.1016/j.jpsychores.2022.110917


 Journal of Nephrology

1 3

 8. Xia X, Wu X, Zhou X, Zang Z, Pu L, Li Z (2021) Comparison of 
psychological distress and demand induced by COVID-19 during 
the lockdown period in patients undergoing peritoneal dialysis and 
hemodialysis: a cross-section study in a tertiary hospital. Blood 
Purif 50(3):319–327. https:// doi. org/ 10. 1159/ 00051 0553

 9. Yu JY, Kim JS, Hong CM et al (2021) Psychological distress of 
patients with end-stage kidney disease undergoing dialysis during 
the 2019 coronavirus disease pandemic: a cross-sectional study in 
a University Hospital. PLoS ONE 16(12):e0260929. https:// doi. 
org/ 10. 1371/ journ al. pone. 02609 29

 10. Karaca C, Eren N, Dincer MT et al (2022) How dialysis patients 
cope with a curfew? A comparison of psychological status 
between hemodialysis and peritoneal dialysis patients during the 
COVID-19 pandemic. Blood Purif 51(5):458–463. https:// doi. org/ 
10. 1159/ 00051 7839

 11. Balson L, Baharani J (2021) Peritoneal dialysis patients - the 
forgotten group in the coronavirus pandemic. Clin Med (Lond) 
21(5):e556–e558. https:// doi. org/ 10. 7861/ clinm ed. 2021- 0259

 12. van Eck van der Sluijs A, Bonenkamp AA, Dekker FW, Abrahams 
AC, van Jaarsveld BC (2019) Dutch nOcturnal and hoME dialysis 
Study To Improve Clinical Outcomes (DOMESTICO): rationale 
and design. BMC Nephrol 20(1):361. https:// doi. org/ 10. 1186/ 
s12882- 019- 1526-4

 13. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP (2008) The Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. J Clin Epidemiol 
61(4):344–349. https:// doi. org/ 10. 1016/j. jclin epi. 2007. 11. 008

 14. ERA-EDTA Registry (2021) ERA-EDTA Registry Annual Report 
2019. Amsterdam UMC, location AMC, Department of Medical 
Informatics, Amsterdam, The Netherlands

 15. Quan H, Li B, Couris CM et al (2011) Updating and validating 
the Charlson Comorbidity Index and score for risk adjustment in 
hospital discharge abstracts using data from 6 countries. Am J 
Epidemiol 173(6):676–682. https:// doi. org/ 10. 1093/ aje/ kwq433

 16. Statistics Netherlands. Educational Level. https:// www. cbs. nl/ 
en- gb/ our- servi ces/ urban- data- centr es/ labour- and- income/ educa 
tion- level. Accessed 12 Dec 2022

 17. Lv H, Meng J, Chen Y et al (2022) Impact of COVID-19 pan-
demic on elevated anxiety symptoms of maintenance hemodialysis 
patients in China: a one-year follow-up study. Front Psychiatry 
13:864727. https:// doi. org/ 10. 3389/ fpsyt. 2022. 864727

 18. Lee J, Steel J, Roumelioti ME et al (2020) Psychosocial impact of 
COVID-19 pandemic on patients with end-stage kidney disease on 
hemodialysis. Kidney 1(12):1390–1397. https:// doi. org/ 10. 34067/ 
kid. 00046 62020

 19. Abrahams AC, Noordzij M, Goffin E et al (2023) Outcomes of 
COVID-19 in peritoneal dialysis patients: a report by the Euro-
pean Renal Association COVID-19 Database. Perit Dial Int 
43(1):23–36. https:// doi. org/ 10. 1177/ 08968 60822 11443 95

 20. Zhang QL, Wang S, Zhang Y, Meng F (2021) The effect of refined 
nursing intervention on patients undergoing maintenance hemodi-
alysis in the hemodialysis center during the COVID-19 epidemic. 
BMC Nurs 20(1):66. https:// doi. org/ 10. 1186/ s12912- 021- 00584-5

 21. Garcia-Llana H, Panizo N, Gandía L et al (2022) COVID-19 vac-
cination improved psychological distress (anxiety and depression 
scores) in chronic kidney disease patients: a prospective study. 
Vaccines (Basel). https:// doi. org/ 10. 3390/ vacci nes10 020299

 22. Bouwmans P, Messchendorp AL, Imhof C et al (2022) Impact 
of immunosuppressive treatment and type of SARS-CoV-2 vac-
cine on antibody levels after three vaccinations in patients with 
chronic kidney disease or kidney replacement therapy. Clin Kid-
ney J. https:// doi. org/ 10. 1093/ ckj/ sfac2 49

 23. Ashby DR, Caplin B, Corbett RW et al (2022) Severity of COVID-
19 after vaccination among hemodialysis patients: an observa-
tional cohort study. Clin J Am Soc Nephrol 17(6):843–850. 
https:// doi. org/ 10. 2215/ cjn. 16621 221

 24. Spensley KJ, Gleeson S, Martin P et al (2022) Comparison of 
vaccine effectiveness against the omicron (B.1.1.529) variant in 
hemodialysis patients. Kidney Int Rep 7(6):1406–1409. https:// 
doi. org/ 10. 1016/j. ekir. 2022. 04. 005

 25. Loosman WL, Hoekstra T, van Dijk S et al (2015) Short-Form 12 
or Short-Form 36 to measure quality-of-life changes in dialysis 
patients? Nephrol Dial Transpl 30(7):1170–1176. https:// doi. org/ 
10. 1093/ ndt/ gfv066

 26. Pouchot J, Kherani RB, Brant R et al (2008) Determination of the 
minimal clinically important difference for seven fatigue measures 
in rheumatoid arthritis. J Clin Epidemiol 61(7):705–713. https:// 
doi. org/ 10. 1016/j. jclin epi. 2007. 08. 016

 27. Yang ZH, Pan XT, Chen Y et al (2021) Psychological profiles of 
Chinese patients with hemodialysis during the panic of coronavi-
rus disease 2019. Front Psychiatry 12:616016. https:// doi. org/ 10. 
3389/ fpsyt. 2021. 616016

 28. Van Bortel T, John A, Solomon S et al (2021) Mental health in 
the pandemic: a repeated cross-sectional mixed-method study pro-
tocol to investigate the mental health impacts of the coronavirus 
pandemic in the UK. BMJ Open 11(8):e046422. https:// doi. org/ 
10. 1136/ bmjop en- 2020- 046422

 29. Rogowska AM, Ochnik D, Kuśnierz C et al (2021) Changes in 
mental health during three waves of the COVID-19 pandemic: 
a repeated cross-sectional study among polish university stu-
dents. BMC Psychiatry 21(1):627. https:// doi. org/ 10. 1186/ 
s12888- 021- 03615-2

 30. Bouwmans P, Messchendorp AL, Sanders JS et al (2022) Long-
term efficacy and safety of SARS-CoV-2 vaccination in patients 
with chronic kidney disease, on dialysis or after kidney transplan-
tation: a national prospective observational cohort study. BMC 
Nephrol 23(1):55. https:// doi. org/ 10. 1186/ s12882- 022- 02680-3

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1159/000510553
https://doi.org/10.1371/journal.pone.0260929
https://doi.org/10.1371/journal.pone.0260929
https://doi.org/10.1159/000517839
https://doi.org/10.1159/000517839
https://doi.org/10.7861/clinmed.2021-0259
https://doi.org/10.1186/s12882-019-1526-4
https://doi.org/10.1186/s12882-019-1526-4
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1093/aje/kwq433
https://www.cbs.nl/en-gb/our-services/urban-data-centres/labour-and-income/education-level
https://www.cbs.nl/en-gb/our-services/urban-data-centres/labour-and-income/education-level
https://www.cbs.nl/en-gb/our-services/urban-data-centres/labour-and-income/education-level
https://doi.org/10.3389/fpsyt.2022.864727
https://doi.org/10.34067/kid.0004662020
https://doi.org/10.34067/kid.0004662020
https://doi.org/10.1177/08968608221144395
https://doi.org/10.1186/s12912-021-00584-5
https://doi.org/10.3390/vaccines10020299
https://doi.org/10.1093/ckj/sfac249
https://doi.org/10.2215/cjn.16621221
https://doi.org/10.1016/j.ekir.2022.04.005
https://doi.org/10.1016/j.ekir.2022.04.005
https://doi.org/10.1093/ndt/gfv066
https://doi.org/10.1093/ndt/gfv066
https://doi.org/10.1016/j.jclinepi.2007.08.016
https://doi.org/10.1016/j.jclinepi.2007.08.016
https://doi.org/10.3389/fpsyt.2021.616016
https://doi.org/10.3389/fpsyt.2021.616016
https://doi.org/10.1136/bmjopen-2020-046422
https://doi.org/10.1136/bmjopen-2020-046422
https://doi.org/10.1186/s12888-021-03615-2
https://doi.org/10.1186/s12888-021-03615-2
https://doi.org/10.1186/s12882-022-02680-3

	Differences in mental health status during the COVID-19 pandemic between patients undergoing in-center hemodialysis and peritoneal dialysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration number 
	Graphical abstract

	Introduction
	Materials and methods
	Study population, design, and period
	Data collection
	Statistical analyses

	Results
	Study population and patient characteristics
	Mental health in dialysis patients

	Discussion
	Anchor 18
	Acknowledgements 
	References


