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Abstract
Background. To date, research has neglected the patient’s psychosocial and cognitive conditions
as contributing factors to dialysis modality decision-making. Hence, the Choice of Renal Replace-
ment Therapy (CORETH) study aims to examine these conditions with regard to their impact on the
choice. Here we describe the design of the multicentre study, which is supported by a grant from
the German Ministry for Education and Research.
Methods. Two groups of patients will be compared after having chosen peritoneal or haemodialysis
as permanent treatment. About 1200 participants from 50 dialysis centres all over Germany will be
questioned. The questionnaire addresses social, psychological and shared decision-making
aspects. Furthermore, cognitive functioning will be tested. For an economic evaluation direct and
indirect costs of treatment will be calculated. Changes will be examined through a one-year
follow-up.
Conclusions. The results will enlighten the treatment choice under the German healthcare system.
They will provide further insight regarding the discussion on patient autonomy. From the patients’
perspective, the results will help to strengthen their participation in the individual process of
health-related decision-making.
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Introduction

Both end-stage renal disease (ESRD) itself as well as the
restrictions compromising everyday life can provoke dep-
ression, social drawback and decreased mental capability.
More than a third of ESRD-affected people could choose
between haemodialysis (HD) and peritoneal dialysis (PD) [1].
However, surprisingly, decisions in favour of PD only occur in
5% of all cases in Germany, even though both modalities
are regarded as equivalent concerning mortality [2, 3].

Besides analyses of equivalence, most comparative
studies have been dedicated to the impact of dialysis
modality on health-related quality of life (hrQoL) [4–14].
Summarizing the results, researchers were struggling
with contradictory findings regarding differences in hrQoL
between groups. A meta-analysis of 52 studies, including
more than 36 000 participants, yielded no significant dif-
ferences between dialysis modalities with respect to the
SF36 dimensions [13]. However, these studies are likely
biased by factors influencing the choice of treatment
leading to extremely different patient populations. Ap-
proaches intending randomized comparison of both mo-
dalities failed [9] because the majority of patients refused
randomization once they were educated about the treat-
ment procedures.

Furthermore, several comparative studies focus on psy-
chological (depression [15]) or cognitive (memory, executive
functioning, attention [16–20]) impairment, satisfaction
with treatment [21] or health beliefs of dialysis patients [14].
Additionally, socio-economic differences [21, 22] and costs
of care [23] have been examined. In these approaches, dia-
lysis modality was implicitly considered as a fixed factor
affecting diverse clinical outcomes.

However, dialysis patients often differ from other popu-
lations because they have a choice with regard to their
treatment [24]. Research concerning dialysis modality deci-
sion-making has neglected the role of psychosocial and cog-
nitive conditions so far. The question, how factors such as
the need for autonomy, depression or the social network de-
termine the choice or the shared decision-making between
physicians and patients, has not yet been addressed.

A recent narrative paper from the viewpoint of an ESRD
patient describes some psychosocial challenges at the
point of decision-making. For example, with regard to PD,
relevant aspects were aesthetics, spatial and temporal
feasibility, self-determination, safety and social accept-
ance [25]. A qualitative analysis (N = 398) showed that
marginalized groups (here African Americans) receive
poorer information at the assignment to dialysis treat-
ment [26]. Findings suggested that the initiation of HD
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often occurs as an urgent lifesaving action or as a bridging
treatment while waiting for transplantation. In addition,
many patients learn about PD just because healthcare
professionals or other patients who are not involved in
their decision told them about it. A recent smaller inter-
view study (N = 13) addressed the question of what special
issues older dialysis patients (65+ years) have to cope with
when being confronted with the choice [27]. It became
apparent that the decision is determined by an increasing
uncertainty with respect to the possibility of death in the
elderly. On the one hand, the study benefits from the fact
that it has been conducted prior to the initiation of dialysis
treatment. The authors have good reason to criticize previ-
ous trials, which are often retrospective and can be con-
taminated with memory artefacts. On the other hand,
smaller studies like the aforementioned possibly lack gen-
eralizability.

The gap of knowledge regarding psychosocial factors
at the decision-making process may be due to multiple
methodological challenges. These include inter alia
the necessity of patient group matching to ensure valid
comparative conclusions and the difficulties of time-
consuming conduction of longitudinal studies [7, 8, 24].
As pointed out earlier, randomization turned out to be
nearly impossible in these patients [10]. Because both mo-
dalities are very intrusive, the patients wanted to make
their own decision and refused to leave it to chance. If such
quasi-experimentally formed patient groups lack a sophisti-
cated matching (e.g. using age and gender) results can be
heterogeneous.

Another challenge relates to the measurement of sub-
jective data. When patients are to estimate their present
health status, their perception often differs from the object-
ive assessment [24]. Differences were found in other
medical areas with respect to the assessment of comorbid-
ity [28]. Comorbidity is sometimes raised as a confounder
[29] and can lead to contradictory findings because of dis-
crepancies between expert- and self-assessments. More-
over, people sometimes tend to respond with a self-serving
bias showing their real situation in a favourable light [30].
Provided that a relevant number of ESRD patients are se-
verely depressed, their self-evaluations can be negatively
distorted, too.

Regarding the prevalence of depression in dialysis pa-
tients, the literature is remarkably divergent (0–100%)
[24]. The heterogeneity may be due to frequently used but
inadequate screening tests [15] which can overestimate
symptoms in the chronically ill because they are designed
for normal populations. For instance, typical symptoms of
depression such as sleep disorders, fatigue or loss of appe-
tite are of limited validity in dialysis patients because they
can be caused by renal failure itself.

Although the connection between the development of
depressive symptoms and social inclusion is well docu-
mented in ESRD patients [15], the exact influence of the
social situation on the choice of dialysis modality remains
unclear. In particular, a paradox with regard to the impact
of the family structure has been described: dialysis pa-
tients with a strong family structure have a poorer prob-
ability to survive than their less supported counterparts
[24]. It has been considered that well-integrated families
with a strong cohesion tend to persevere in attempts to
cope by their own without calling on professional help.
Consequently, strong families may perceive a more intern-
al locus of control than do weaker families and thus, ad-
versely affect the adherence of the sick dependant. There
is evidence that the family plays a central role in reducing

cognitive dissonance following the choice [26]. However,
the question remains unanswered which persons contrib-
ute significantly to the decision-making process and why.
Studies investigating the effects of gender disagree on

psychosocial consequences of dialysis treatment. For in-
stance, Bakewell and colleagues [7] conclude on an em-
pirical basis that ‘[…] men find it more difficult to adapt to
changes brought about by chronic illness. The perceived
role of the male as the head of the household may still
exist […]. In his role […], a man who becomes unemployed
as a result of ESRD may feel a greater burden of illness
than a female.’ In contrast, Sensky [24] explains on the
basis of reviewed findings: ‘[…] It has been suggested that
the overall role demands on women are more stressful
than on men, and become much harder to satisfy when a
woman falls ill […]. Equally, it may be that, because the
nurturant [female] role is acknowledged as flexible, there
is often an expectation that this role will be sustained
despite illness, whereas it is easier to sacrifice a fixed role
(such as ‘breadwinner’) to illness.’ Apart from the argu-
ment of role expectations, differences in the tendency of
socially desirable responding in males and females are
rarely emphasized [31]. The inadequate control of gender
effects can also lead to inconsistent results with respect
to the influence of social support on the adherence in dia-
lysis patients [24].
Likewise, research on cognitive impairment in ESRD

patients has to take several confounders into account. The
time of testing (prior to or following dialysis session), psy-
chopharmacological medication and the underestimation
of the true prevalence because of bias towards testing the
less affected are important variables to control [19]. Some
recent papers stress the development of disease-specific
screening methods because existing assessments suffer
from insufficient sensitivity [16, 32]. Nonetheless, the
explanatory approaches of cognitive impairment in ESRD pa-
tients prosper: it is associated with inflammation, oxidative
stress, vascular calcification, haemodynamic factors, genetic
predispositions, cerebral perfusion, etc. However, no consen-
sus exists regarding the cause–effect relationship of dialysis
treatment and cognitive impairment. For example, Sarnak
et al. [20] showed impairment of the executive functions in
ESRD patients and emphasized the causal role of vascular
factors. In light of the cause–effect–conflict, it would be
desirable to particularly focus on the onset and the effect
of cognitive performance deficits in ESRD patients and
compare them with healthy controls to avoid misjudge-
ments. So far, it is not known whether PD patients show less
cognitive impairment in contrast to their HD matching parts,
even if there are hints that this might be the case [26]. The
influence of cognitive impairment on the choice of dialysis
modality is not yet understood in detail.

Materials and methods

Study objectives

The main objective of the study is to provide answers to
the question how psychosocial and cognitive conditions of
ESRD patients influence the choice between HD and PD as
renal replacement therapy (RRT). Thereby, it is of interest
how differences between groups emerge at baseline and
after 1 year.
The specific research questions of the project are, to

what extend does the psychological status (i), the social
situation (ii) and the cognitive status (iii) of the patients
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contribute to the decision-making process? In order to op-
erationalize the ‘decision-making process’ we will raise via
self-assessment: the main reason for the choice, the
shared decision-making between physicians and patients,
and the satisfaction with the choice. We will control
medical, comorbidity-related and socio-demographic con-
founders.

Along with the psychosocial focus of the study, we will
conduct an economic evaluation. The key issues in this
context are differences between treatment groups in
Germany regarding direct and indirect costs (e.g. medica-
tion, incapacity to work), as well as quality adjusted life
years (QALYs). So far, in the German healthcare system the
bundled reimbursement for both modalities is nearly iden-
tical. However, it is currently unresolved whether there is
an economic equivalence after involvement of further cost
factors.

Study organization

Patients will be recruited in more than 50 nephrological
centres across Germany. The centres are recruited from all
levels of outpatient care including private practice, non-
profit dialysis providers and hospital-associated dialysis
centres. Two study nurses will perform the patient inter-
views. The coordination, data management and statistical
analyses will be realized within the framework of the
Choice of Renal Replacement Therapy (CORETH) project
group (see Appendix). The scheduling is shown in Figure 1.

Study population and sampling

A randomized prospective approach cannot be done
because intensely informed patients want to make their
own decisions regarding treatment options [10]. Thus, the
information should be gained from carefully selected and
characterized patient groups in whom the decision is
already made. A non-randomized study is chosen because
it allows for a comparison of patients using one of these
treatments without interfering with the therapy. The time
of study entry is set at 6–24 months (T1) after initiation of
chronic RRT. At this time, the patients still remember the

circumstances of modality choice and already have
enough experience with their treatment to have a stable
opinion on it. The time criterion also ensures the absence
of any acute complications or adaptation problems during
the early phase of RRT. Patients are being interviewed by
using standardized questionnaires at T1 and after 1 year
(T2). Inclusion and exclusion criteria are shown in Table 1.

The calculation of sample size is based on the SF36 sub-
scale ‘Social Functioning’. With respect to our main hypoth-
esis, it is assumed that the extent of social functioning
differs between HD and PD patients. According to the SF36
manual, a difference of five points (on a 100 points scale) is
considered clinically relevant. On this basis and the stand-
ard deviation derived from the norm population for chronic
kidney disease (SD = 24.51), the estimates were made for
an effect size of d = 0.20. Thus, a total sample size (α = 0.05;
1–β = 0.80) with N = 758 (n = 379 per group) should be suffi-
cient to prove differences. As the main hypothesis will be
assessed within a matched propensity score (PS) analysis
with a 1:1 matching ratio [33], the sample size in the HD
group will be doubled to find enough matches for each PD
patient. Finally, n = 379 PD patients and n = 758 HD patients
are needed at baseline.

Study design and outcomes

The study consists of a baseline evaluation and a one-year
follow-up. The baseline evaluation will answer the ques-
tions on social, psychological and cognitive conditions. A
specific part of the questionnaire about the decision-making

Fig. 1. Scheduling of the study.

Table 1. Inclusion and exclusion criteria
in the CORETH study

Inclusion criteria
ESRD (ICD10:N18.5) of any cause
RRT for 6–24 months
Age 18 years and older
Absence of acute psychiatric symptoms
Able to read and write German
Informed written consent

Exclusion criteria
Unable or unwilling to provide consent
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process will be used in addition. The medical situation and
socio-economic characteristics will also be measured. The
order of questionnaire responding and cognitive testing
will be randomized for each dialysis centre in order to
control sequence effects (i.e. fatigue). During the follow-
up, all major adverse events leading to either unplanned
use of healthcare resources, hospitalization or death will
be recorded. In addition, direct treatment-associated re-
source consumption will be recorded. Further, patients will
be asked to disclose their employment status, times of
work disability or pension. The follow-up approach will
provide unique data on the time dependent development
of these parameters. During the observation time, the
treatment of patients will not be influenced by the study,
however, documented changes due to the wish of the
patient or medical reasons are possible at any time. All in-
struments (see Table 2) are reliable and tested in different
populations. The ‘Network Generator’ [38, 39] maps the
extent of social inclusion by the number of significant
persons from the patient’s viewpoint. For characterizing
the structure and quality of the relationships, the follow-
ing aspects will be answered for each named person in
the second step: age, gender, kind of relationship, geo-
graphic distance, frequency of contact and satisfaction
with relationship.

Data protection

The study protocol will be approved by local ethics com-
mittee and written informed consent is required from

every patient. Data safety will be guaranteed by the ‘Co-
ordination Centre for Clinical Studies’ (KKS, see Appendix).
All study procedures will comply with the standards set by
the Declaration of Helsinki. The data base will be located
at the KKS. Data protection measures analogue to GCP
regulations are in place to prevent misuse of the data. The
data will be owned by the University Halle-Wittenberg.
Access to pseudonymized data will be possible only by
permission of the study steering committee.

Statistical considerations

With respect to the PS modelling, we will use an optimal
matching algorithm with a calliper width of 0.2 times the
standard deviation of the logit of the observed PS to arrive
at a 1:1 matching of HD and PD patients. The model will
be estimated by a logistic regression model including the
variables gender, age, education, employment, marital
status, physical functioning, comorbidity and duration of
treatment as covariates. The analysis will be based on
matched pairs. As the sample size in the HD group is twice
as large as that in the PD group, a sensitivity analysis with
a variable matching ratio will also be performed. Prospect-
ive cost and quality of life (QoL) analyses (comparing costs
and QALYs) will be performed.

Quality assurance

All procedures will be described in standard operating pro-
cedures (SOPs) and included in a quality manual. The

Table 2. Study outcomes

Outcome Operationalization Instrument Data source

Psychological situation Autonomy preference API Questionnaire
Psychological wellbeing SF12—psychological subscale Questionnaire
Depression HADS Questionnaire

Social situation Social support BSSS Questionnaire
Social functioning SF36—subscale ‘Social

Functioning (SF)’
Questionnaire

Social network NWG Questionnaire

Cognitive situation Cognitive functioning KDQOL-SF™-subscale
‘Cognitive Function (CF)’

Questionnaire

Task switching TMT-B Cognitive testing
Selective attention d2-R Cognitive testing

Decision-making process Main reason for choice Generic (nine items) Questionnaire
Shared decision-making PEF Questionnaire
Satisfaction with dialysis modality Generic (four items) Questionnaire

Economy Quality of life SF36, EQ-5D Questionnaire
Quality adjusted life years QALYs Economic

calculation
Inpatient stays, outpatient operations, medical
consultations,
medical applications, absenteeism, duration of stay and
logistics in the dialysis centre

Generic (11 items) Questionnaire

Diagnostic list, medication Medical report Medical report

Medical situation Physical wellbeing SF12—physical subscale Questionnaire
Target weight, body height, onset of dialysis treatment Generic (seven items) Questionnaire

Comorbidity Expert-assessed CCI Medical expert
Self-assessed SCQ Questionnaire

Socio-demographic
characteristics

Family status, children, partnership, education, job status,
housing situation, household size, household income

Generic (13 items) Questionnaire

German versions: API, Autonomy Preference Index [34]; SF, Short Form of Health Survey [35]; HADS, Hospital Anxiety and Depression Scale [36]; BSSS,
Berlin Social Support Scales [37]; NWG, Network Generator [38, 39]; KDQOL-SF™, Kidney Disease Quality of Life Short Form [40]; TMT-B, Trail Making Test-
Part B [41]; d2-R, Test d2-Revision [42]; PEF (SDM-Q-9), ‘Fragebogen zur Partizipativen Entscheidungsfindung’ (Shared Decision-Making Questionnaire) [43];
EQ-5D, EuoQoL-5D [44]; CCI, Charlson Comorbidity Index [45]; SCQ, Self-Administered Comorbidity Questionnaire [46].
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study nurses will be educated on the basis of these SOPs.
The patient interviews will be supervised by the study
team at the beginning and at least twice during the data
acquisition. Therefore, the study nurses will be accompan-
ied by a team member. Observations during this supervi-
sion will be discussed at regular study staff meetings. The
database will be programmed according to KKS standards
and GCP regulations. A pseudonymization procedure will
be established allocating a unique data code to each
patient. Personal identification data of the individual
patient will remain at the study sites and connection to
the data base will be prevented.

Discussion

The CORETH study will focus on the previously understud-
ied field of psychosocial and cognitive conditions in ESRD
patients. The results are intended to be used for improve-
ment of patient education material. Therefore, the main
results will be made publicly available via the Internet
besides scientific publications. We will assist institutions
that already offer decision support tools by providing guid-
ance for the development of such materials. In doing so,
the decision-making for or against one dialysis modality
will be facilitated and optimized.

Recruitment of the dialysis centres might be contami-
nated with selection bias, because data collection is
limited to partner sites that are voluntarily participating.
As we ensure recruitment throughout Germany, however,
we can reflect the sample composition to data from the
German dialysis quality assurance system providing statis-
tics at the state level. Therefore, it is possible to control how
representative our sample is of the entire population of dia-
lysis patients in Germany. As the main hypothesis is as-
sessed in a non-randomized setting, the statistical analysis
will account for structural differences between groups. The
matched propensity method, which is used here, has several
advantages. Themost important advantage is the possibility
of making existing or missing overlap between treatment
groups explicit. Because RRT is subject to strict quality
control measures in Germany with mandatory communi-
cation of parameters such as treatment frequency, urea
clearance, and haemoglobin levels to the authorities, the
quality of treatment will likely not be very diverse among
the centres.

At the level of participants, a selection bias has to be
discussed. Particularly, only ESRD patients who already
have a conducive psychosocial or cognitive situation may
give their consent. Indeed, it is even likely that more
persons with negative conditions die before the second
trial [16, 20]. Since we will recruit PD patients during their
typical consultation times and select HD patients accord-
ing to the inclusion and exclusion criteria randomly, there
will only be persons included who are in this moment in
the dialysis centre. Thus, representativeness with respect
to the particular group can be assumed at the participant
level. Moreover, many characteristics such as willingness
to respond or socially desirable responce are approximate-
ly normally distributed in large samples and hence repre-
sentative. Since the mobile study team will be extensively
trained prior to data collection, we assume its objectivity.
This criterion is ensured especially by the questionnaire
format with standardized instructions and the fact that
some scores, e.g. the CCI, are calculated on behalf of
medical experts.

We will cope with the initially mentioned methodologic-
al challenges in different ways. First, we will perform a lon-
gitudinal study [7, 8, 24] and compare data sets from two
measuring points with a one-year interval. Since there are
several statistical tests executed with the same sample,
we have to take an inflation of the probability of error into
account. To still achieve accurate results, the ex-ante prob-
ability of error will be Bonferroni-adjusted. Second, with
regard to comorbidity differences between expert and
self-assessments (physicians versus patients) [28], plausi-
bility and consistency of data will be controlled. Third, in
order to deduct valid statements for the chronically ill
population, we will measure depression as a psychological
decision determinant with a recommended instrument
for the sector of somatic medicine (Hospital Anxiety and
Depression Scale, HADS). The HADS features high-level
practicability, acceptance and especially convergent valid-
ity. The correlation of HADS scores and expert assessment
of depression thus amounts to r = 0.70 [36]. Fourth, in
order to explain the influence of social parameters, we will
apply a detailed instrument (NWG) which allows a differ-
entiated mapping of the social network of patients [38].
With the addition of these data, we will be able to answer
the questions which persons in the patients’ environment
explicitly impact the choice of the dialysis modality and
how satisfied patients are with these relationships. In this
way, CORETH will contribute to the design and address the
information materials according to a dialysis modality
more personally and be more network specific. It should
be pointed out that this study, unlike others in the field, is
entirely supported by a grant from the German govern-
ment thus excluding influences by dialysis providers or in-
dustry. Finally, as to control effects of the time of testing
and of psychopharmacological medication, the time of
cognitive testing and the patients’ medication lists will
be documented carefully.

In conclusion, the CORETH study will draw a detailed
picture of the psychological, social and cognitive condi-
tions in German ESRD patients. The project strives to give
solutions for shared decision-making in order to optimize
the individual consultation and to enhance the QoL of the
chronically ill. By means of our economic analysis, we will
be able to further illuminate gaps in the German health-
care system and generate possibilities to make health ser-
vices more effective.
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