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General Introduction



n Chapter 1

Kidney failure and dialysis treatment

Chronic kidney disease (CKD) is a progressive disease characterized by progressive kidney
damage resulting into declining kidney function.(1) CKD has a global prevalence of 9%, which
likely will increase over the next few decades due to population aging, and increasing
prevalence of diabetes and hypertension.(2, 3) CKD’s final stage is kidney failure and CKD is a
leading cause of morbidity and mortality worldwide. Patients with kidney failure need kidney
replacement therapy (KRT) in order to survive.(4) KRT options are kidney transplantation,
hemodialysis and peritoneal dialysis. The individual choice of treatment depends on
availability, clinical characteristics and patient’s preferences.(4) If KRT is not possible or not
preferred by the patient, comprehensive conservative care can be started in which symptoms
of kidney failure are treated.(5) In the Netherlands, 17.500 people were receiving KRT in 2018.
Although kidney transplantation is the preferred treatment for most patients, this is often not
possible due to organ shortages or medical contraindications. These patients are dependent
on dialysis therapy, a chronic, intensive and time-consuming treatment with high physical and
mental burden.(6-8)

Hemodialysis is a center-based therapy where waste products are removed from the blood by
diffusion through a semi-permeable membrane in an extracorporeal artificial kidney.(9) A
hemodialysis session has a duration of three to five hours with a frequency of three times a
week. Rapid changes in hemodynamic and fluid status often lead to feeling tired after a
hemodialysis session.(10) Peritoneal dialysis is a continuous home-based therapy performed
by the patients themselves by exchanging dialysate fluid in the peritoneal cavity four to five
times a day. Waste products are exchanged from the blood continuously across the abdominal
peritoneal, resulting in biochemical and hemodynamic stability compared to hemodialysis. (9,
11) The decision to treat a patient with hemodialysis or peritoneal dialysis is multifactorial and
influenced by clinical and socioeconomic factors, such as the cardiovascular ability to tolerate
volume shifts, peritoneal dysfunction due to intra-abdominal adhesions, the home situation
of the patient and patient’s preferences.(11-13)

Kidney failure has a significant impact on daily lives of patients due to the experience of
multiple losses, including loss of kidney function, family roles and work roles, time and
mobility, defined as being able to walk without limitation or assistance.(14, 15) Impaired
quality of life and feelings of loss of control are increased by other stressors like medication
effects, dependency on treatment, dietary constraints, fear of death and symptom
burden.(16, 17) More than half of the patients on dialysis experience symptoms of pain,
fatigue, pruritus and constipation.(18) Other frequent symptoms are loss of appetite, sexual
dysfunction, muscle cramps, insomnia, nausea and mental health symptoms like depression
and anxiety.(6, 7, 18)
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Depression and anxiety in dialysis patients

Psychiatric comorbidities such as depression and anxiety could already be present before
onset of kidney failure and dialysis treatment, or could be a consequence of disease and
treatment.(19) A depressed mood or feelings of anxiety can be a normal psychological
reaction to the burden of kidney failure and dialysis treatment, but becomes problematic
when causing significant distress and impairment of functioning with a negative effect on
health outcomes. It is also possible that kidney failure, depression and anxiety share
pathological pathways in stress-related processes like immune activation and hyperactivity of
the hypothalamic-pituitary-adrenal (HPA) axis.(20-22) The complexity of depression and
anxiety in patients with kidney failure on dialysis therapy is illustrated in the biopsychosocial
model in figure 1. This model is based on the concept that development of disease is reflected
through the complex interplay between biological, psychological and social factors in a
patient’s life.(23)

Figure 1: The biopsychosocial model in dialysis patients

Loss of normal body function
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Complications of dialysistreatment
Unstable health status
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Personality traits

Note: based on the qualitative analysis in dialysis patients by White and colleagues.( 24)

Depression and anxiety are the most common mental health symptoms in dialysis patients,
with a prevalence range for depression of 29% to 42% and for anxiety of 27% to 53%.(3, 8, 25,
26) Diagnostic and Statistical Manual of Mental Disorders, fifth Edition (DSM-5) diagnosis of
depressive disorder are displayed in Table 1.(27) The start of a dialysis lifestyle can contribute
to depression, as patients can experience feelings of sadness and grieve about the loss of
freedom and flexibility and loss of self-worth due to discontinuation of their usual work or
activities. Also, patients can experience loneliness and emotional isolation as a result of
spending long periods of time on dialysis, away from family and friends.(16)
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Table 1: DSM-5 diagnosis or depressive disorders

Depressive disorder Characteristics

Major depressive disorder Definition: five or more depressive symptoms for 22 weeks that cause
significant distress and impairment

e Core symptoms: feelings of sadness or depressed mood and
diminished interest or pleasure in most or all activities.

Persistent depressive disorder A depressed mood plus to other symptoms for at least two years that
cause significant distress and impairment.

Anxiety is characterized by disruptive and excessive feelings of uncertainty, fear or worrying
that can cause clinically significant distress with impairment of functioning.(28) There are
several DSM-5 diagnosis of anxiety disorders with variation in presentation, symptoms and
duration (Table 2).(27) Often, anxiety and worry are accompanied by physical symptoms,
including abdominal pain, dyspepsia, chest pain, fatigue, dizziness, insomnia and
headache.(29) A multitude of potential triggers for anxiety are present on a dialysis ward. For
example, blood-injection-injury phobia can be triggered by cannulation in hemodialysis
patients, patients can feel anxious by alarming of the dialysis machine or due to lack of control
over treatment management.(16, 30, 31) Behavior of dialysis patients with anxiety disorders
can sometimes be perceived as seemingly irrational behavior, that may lead to conflict with
health care staff, for example aggressive demands to be treated by a particular technician or
the use of a certain machine.(32)

Table 2: DSM-5 diagnosis of anxiety disorders

Anxiety disorder Characteristics

Panic disorder An abrupt surge of intensive fear that starts without a clear reason and
reaches a peak within minutes.

Social anxiety disorder Fear of social or performance situations.

Specific phobia Excessive anxiety triggered by the presence or anticipation of a specific
object or situation.

General anxiety disorder (GAD) Excessive anxiety or worry about a variety of topics, events or activities.

Adverse clinical outcomes

Both symptoms of depression and anxiety have a marked negative impact on self-reported
quality of life of dialysis patients.(33-35) Symptoms of depression and anxiety are also
associated with adverse clinical outcomes such as hospitalization and mortality. Both a
diagnosis as well as symptoms of depression and anxiety are associated with an increased
number of hospitalizations as well as the length of stay in the hospital.(33, 36-38) In a meta-
analysis of 31 studies on patients with kidney failure, the presence of depressive symptoms

10
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measured by self-report assessment was a significant predictor of mortality with a Hazard Rate
(HR) of 1.45 (95%Cl 1.27-1.65).(36) Furthermore, an association is known with poor adherence
to medication and dietary and fluid restrictions, possibly due to impairment of motivation for
self-management, and increased health care utilization.(39-42) In addition, peritoneal dialysis
patients with depressive symptoms have an increased risk of peritonitis and technique
failure.(43, 44)

Despite its high prevalence and negative consequences, only a minority of dialysis patients
with depression and anxiety are diagnosed and treated.(37, 45) Reasons for this under-
diagnosis and under-treatment are poor recognition of symptoms of depression and anxiety
due to overlap with symptoms of kidney failure and dialysis treatment, unwillingness of
patients to seek help and the stigma attached to a diagnosis of depression or anxiety and its
treatment.(37, 45) Despite the poor recognition of depression and anxiety, routine
psychological evaluation is lacking in dialysis care. Furthermore, it is shown that symptoms of
depression and anxiety do not remit spontaneously in a substantial proportion of patients if
they are left untreated.(46-48) The under-recognition and under-treatment of depression and
anxiety in dialysis patients might have considerable consequences as comorbid depression
and anxiety magnify the impact of chronic illness, are associated with adverse clinical
outcomes and increase functional disability and health-care usage.(49)

Screening for depression and anxiety

Diagnosing depression and anxiety is challenging among dialysis patients as symptoms of
depression and anxiety overlap with symptoms of uremia due to kidney failure, dialysis
therapy itself and other common comorbidities such as diabetes or vascular disease.(28, 32,
50) Furthermore, symptoms of depression and anxiety often coexist.(8, 32) The psychological
concept of ‘general distress’ includes symptoms of both depression and anxiety and may
potentially be useful for screening purposes.(51, 52) Recent evidence shows that a general
distress score can be used for screening in chronically ill patients, including a small dialysis
cohort.(53) More research into general distress in dialysis patients could aid screening for
depression and anxiety in this population.

Depression and anxiety can be assessed by either a DSM diagnosis based on a clinical
interview, this is generally seen as a reference standard, or by means of self-report scales on
which patients themselves rate the severity and frequency of their symptoms, expressed in a
total score on a continuous scale. On self-report scales, cut-offs scores are used to classify
patients with clinically significant symptoms or symptom severity (mild, moderate or severe).
Self-report scales are generally preferred for screening in both clinical and research settings
for pragmatic reasons such as time and costs, although they cannot be used to diagnose a
depressive or anxiety disorder.(50, 54) Despite this, screening tools can be helpful by
identifying patients who have significant symptoms and may require further evaluation and
treatment.(55)

11
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International guidelines suggest routine screening for depression in dialysis patients.(56)
Although screening is generally useful, it is important to use accurate tools as diagnostic
accuracy of screening tools varies between settings and patient groups. A recent systematic
review included 16 studies that examined the performance of various depression screening
tools in patients with kidney failure and found that depression can be accurately diagnosed by
these tools.(57) However, there is no system-wide screening protocol, leading to variation in
the assessment of depression in both research and clinical settings.(57) The burden and
impact of anxiety in dialysis patients has gained more awareness recently, however,
international nephrology guidelines inadequately address screening for anxiety and no
recommendations on frequency and preferred screening tools are proposed.(4, 28, 32)
Although various screening tools for anxiety are available, only few have been validated in
hemodialysis patients, with inconclusive results.(58-60) The validation of screening tools for
anxiety could aid clinicians and researchers in identifying patients who are in need for further
assessment and treatment of anxiety symptoms.

Symptom dimensions of depression and anxiety

Studies on screening instruments from the general population have shown that depression
and anxiety may consist of several symptom dimensions, in addition to one overall score.(61-
65) Insight in symptom dimensions contributes to better understanding of clinical
presentation of depression and anxiety and the association with certain clinical outcomes.
These symptom dimensions often differ across different patient populations and literature
from the dialysis population is scarce.(66, 67) Our research group recently investigated
symptom dimensions of depression in dialysis patients with factor analysis and the
relationship of these dimensions to adverse clinical outcomes. It was found that, in line with
studies from other somatically ill patient groups, only the somatic symptom dimension was
associated with all-cause mortality in dialysis patients and both the somatic and cognitive
symptom dimensions were associated with increased hospitalization and impaired quality of
life.(47) The constructs of symptom dimensions of anxiety in dialysis patients and the
association of these dimensions with adverse clinical outcomes have not been thoroughly
studied yet.

It is possible that dialysis modality influences the prevalence of anxiety and depression due to
differences in autonomy, therapy burden and complications between hemodialysis and
peritoneal dialysis treatment, although the existing literature on this topic is inconclusive.(68)
Better insight in the clinical presentation of depression and anxiety by looking at symptom
dimensions in subgroups of dialysis patients, could aid in de development of more
individualized screening and treatment approaches.

Depression, anxiety and COVID-19

In the general population, symptoms of depression, anxiety and stress are common reactions
to the COVID-19 pandemic and the impact on mental health is becoming more evident.(69-

12
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72) Meta-analyses on self-reported stress among the general population during the pandemic
demonstrated a prevalence of 30-40%.(70, 71) Factors associated with COVID-19 related
stress are fear of the contagious disease itself, loss of employment and financial insecurity,
deaths of family members, friends, or colleagues, forced quarantine and social isolation.(73)
Risk factors for symptoms of depression and anxiety are pre-existent physical or mental health
problems and accompanying chronic disease.(74-76)

Although patients with chronic diseases are vulnerable due to pre-existent high levels of
physical and mental distress, studies investigating mental health during the COVID-19
pandemic among these patients are limited. Elevated stress levels caused by the pandemic
could even further increase the burden of depression and anxiety in dialysis patients. Two
cross-sectional studies without comparison to pre-pandemic data show a prevalence of
depression of 22-27% and a prevalence of anxiety of 12% in dialysis patients, but these scores
are difficult to interpret as symptoms of depression and anxiety were already highly prevalent
in dialysis cohorts before the pandemic. (77, 78) More insight in the impact of the COVID-19
pandemic on depression and anxiety in dialysis patients from longitudinally data could aid
clinicians in the screening and treatment during pandemics and other major stressful events
in the future.

Treatment of depression and anxiety

Evidence regarding safety and efficacy of commonly used pharmacological treatment for
depression and anxiety, for example antidepressants and benzodiazepines, is sparse and
inconclusive in the dialysis population.(32, 79-81) Also, to avoid medication dosing errors,
appropriate dose reduction to account for loss of kidney function, the dialyzability of
medications and timing of dialysis sessions is needed when initiating drug therapy.(82, 83)
Furthermore, the willingness to modify or initiate antidepressant medication is often lacking
in both chronic dialysis patients and renal care providers.(84)

Another treatment for depression and anxiety of proven effectivity in the general population
as well as in patients with medical conditions, is cognitive behavioral therapy (CBT).(85-89)
Evidence from small trials in dialysis patients shows promising results for CBT in decreasing
depressive symptoms as well as improving quality of life but studies on anxiety are lacking.(32,
90-92) However, the ability and willingness of dialysis patients to attend face-to-face
psychotherapy may be reduced by kidney failure related physical limitations such as fatigue
and the already high burden of health care contacts.(91, 93) Therefore, more research into
the optimal delivery methods of CBT in dialysis patients is required.(93)

Internet delivered self-help CBT (ICBT) is a possible alternative for face-to-face treatment for
dialysis patients as it is easy accessible and can be followed in one’s own limited time.(94)
Meta-analysis showed that these ICBT self-help interventions have been proven to be as
effective as face-to-face therapy in other populations with chronic somatic conditions, in

13
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terms of the reduction of depressive symptoms and treatment adherence and promising
results are shown in feasibility trials on ICBT in dialysis patients .(95-103)

Problem solving therapy (PST) is a commonly used brief and structured psychological
intervention to develop sufficient coping skills in patients suffering from depression.(104) PST
is based on the assumption that symptoms of depression and anxiety are caused by difficulties
patients encounter in their daily lives. Research on PST in other medical settings shows
promising results in improving depressive symptoms and a small pilot trial in older dialysis
patients showed that PST helped patients to better solve problems and improved their ability
to cope with their medical condition.(105, 106) An Internet-based version of PST (IPST) has
been developed and has proven to be effective in reducing depressive symptoms in the
general population.(107) However, the effect of IPST has not yet been investigated in dialysis
patients. Evidence on the effectivity of and innovative treatment such as self-help IPST in
dialysis patients could aid clinicians in discussing and initiating treatment for depression and
anxiety and improve the quality of care and quality of life of dialysis patients.

Aims and outline of this thesis

The overall objective of this thesis is to gain more insight in depression and anxiety in dialysis
patients. In particular, the first aim of this thesis is to assess which screening tools can be
used to identify hemodialysis patients who are in need for further assessment and treatment
of anxiety. Chapter 2 investigates the concept of a ‘general distress score’ for depression and
anxiety with confirmatory factor analysis in three frequently used self-report questionnaires
on depression and anxiety. Chapter 3 describes the investigation of the diagnostic accuracy
of two widely used screening tools for anxiety by a reference standard diagnostic psychiatric
interview in hemodialysis patients.

The second aim of this thesis is to assess what symptom dimensions of anxiety can be
identified in dialysis patients and how are these symptom dimensions associated with
adverse clinical outcomes and dialysis modality. Chapter 4 describes the investigation of
several pre-defined constructs of symptom dimensions of anxiety in dialysis patients with
confirmatory factor analysis and the association of these symptom dimensions with adverse
clinical outcomes such as decreased quality of life, hospitalization and mortality. Chapter 5
investigates the association of dialysis modality with the prevalence and symptom
dimensions of anxiety and depression.

The third aim of this thesis is to assess the impact of the COVID-19 pandemic on anxiety and
depression in hemodialysis patients. Chapter 6 describes the longitudinal investigation of the
impact of the COVID-19 pandemic on anxiety and depression in hemodialysis patients
measured with valid screening measures.

The fourth aim of this thesis is to assess the effectivity of treatment of depression in dialysis
patients. Chapter 7 describes a systematic review and meta-analysis of randomized
controlled trials (RCTs) with an inactive control group on various treatment options for

14
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patients undergoing maintenance dialysis with a current diagnosis of depression or
depressive symptoms above the defined cut-off. Chapter 8 describes the extensive study
protocol of the DIVERS-II study; a large cluster randomized controlled trial on the
effectiveness of guided internet-based self-help Cognitive Behavioral Therapy (CBT) for
depressive symptoms in hemodialysis patients. The intervention is based on problem solving
therapy and has been tailored to the needs and problems of dialysis patients. Chapter 9
describes the outcomes of the DIVERS-II study on the effectiveness of guided internet-based
self-help CBT of depressive symptoms in hemodialysis patients. A total of 190 patients were
cluster-randomized to the intervention or usual care control group. The primary outcome
was symptoms of depression measured by the BDI-Il and secondary outcomes were anxiety
symptoms, quality of life and dialysis symptoms.

Finally, Chapter 10 includes a summary and discussion of the results of the previous
chapters. The clinical implications of the research will be outlined and suggestions for future
research will be provided.

Data used in this thesis

Loosman-study

For chapter 2, data is used from the Loosman-study.(108) This is a mono-center observational
cohort study of chronic hemodialysis and peritoneal dialysis patients from an urban dialysis
center in the Netherlands in 2008.

DIVERS-I

For chapters 2, 4 and 5 data is used from the Depression Related Factors and Outcomes in
Dialysis Patients With Various Ethnicities and Races Study (DIVERS).(33) This is a multicenter
prospective cohort study of chronic hemodialysis and peritoneal dialysis patients from 10
dialysis centers in the Netherlands from 2012 until 2017. Every six months, depression was
measured with the BDI-Il and anxiety was measured with the BAI. The follow-up had a
duration up to four years and outcomes were hospitalization, dialysis withdrawal and
mortality.

DIVERS-II: Internet Intervention

For chapters 3, 6, 8 and 9, data is used from the DIVERS-II study. DIVERS-II consists of a cluster
randomized controlled trial (RCT) and a parallel observational cohort of chronic hemodialysis
patients from 18 dialysis centers in the Netherlands. Inclusion period ran from 2018 to 2020
and follow-up data acquisition is currently ongoing. The RCT of DIVERS-II investigates the
effectiveness of an online self-help intervention for depressive symptoms in hemodialysis
patients. Patients who were excluded from the randomization because of a low depression
score or of insufficient Dutch language skills, were offered to participate in the parallel
observational cohort.(11)

15
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Abstract

Objective: Depression and anxiety often coexist in patients with end-stage-kidney disease.
Recently, studies showed that a composite ‘general distress score” which combines depression
and anxiety symptoms provides a good fit in dialysis and oncology patients. We aim to
investigate if the three most frequently used self-report questionnaires to measure
depression and anxiety in dialysis patients are sufficiently unidimensional to warrant the use
of such a general distress score in two cohorts of dialysis patients.

Methods: This study includes two prospective observational cohorts of dialysis patients (total
n = 749) which measured depression and anxiety using Beck Depression Inventory (BDI), Beck
Anxiety Inventory (BAI) and Hospital Anxiety and Depression Scale (HADS). Confirmatory
factor analysis was used to investigate both a strictly unidimensional model and a
multidimensional bifactor model that includes a general distress, depression and anxiety
factor. The comparative fit index (CFl) and The Root Mean Square Error of Approximation
(RMSEA) were used as model fit indices.

Results: Factor analysis did not show a good fit for a strictly unidimensional general distress
factor for both the BDI/BAI and HADS (CFl 0.690 and 0.699, RMSEA 0.079 and 0.125
respectively). The multidimensional model performed better with a moderate fit for the
BDI/BAI and HADS (CFI 0.873 and 0.839, RMSEA 0.052 and 0.102).

Conclusions: This data shows that the BDI/BAI and HADS are insufficiently unidimensional to
warrant the use of a general distress score in dialysis patients without also investigating
anxiety and depression separately. Future research is needed whether the use of a general
distress score might be beneficial to identify patients in need of additional (psychological)
support.
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Introduction

Chronic kidney disease is an increasingly prevalent disease, with millions of patients
worldwide needing dialysis therapy when reaching its end-stage. Patients on dialysis therapy
experience high levels of physical and mental distress, (1-3) with depression and anxiety
symptoms as most common mental health symptoms (1,2). Both depression and anxiety are
known to be associated with an impaired quality of life (QoL), treatment non-adherence and
adverse clinical outcomes, such as hospitalization and mortality (4,5). Despite this burden,
symptoms of depression and anxiety are often not screened and left untreated in dialysis
patients (6). Knowledge on the properties and performance of screening tools in this specific
population could aid in the development of screening programs.

The most common self-report questionnaires to measure depressive and anxiety symptoms
in dialysis patients are the Hospital Anxiety and Depression Scale (HADS) and the Beck
Depression and Anxiety Inventories (BDI and BAI). These questionnaires focus on depression
and anxiety as being different entities or symptom domains. However, depression and anxiety
often coexist in dialysis patients, and there exists a substantial correlation and possibly overlap
between symptoms of depression, anxiety and physical symptoms from the chronic renal
failure and the dialysis therapy itself (1,2). Furthermore, treatment options for these mental
health symptoms may also overlap. For example: cognitive behavioral therapy is advised to
treat anxiety symptoms but also (subclinical) depressive symptoms, without the need for a
formal diagnosis (7). Within the field of Psychology, the concept of ‘general distress’ has been
introduced which includes symptoms of both depression and anxiety, and may potentially be
beneficial for screening purposes and to guide therapy (8,9).

The concept of general distress has been investigated by testing the unidimensionality or
multidimensionality of the depression and anxiety concepts in questionnaires using factor
analysis. In 1991, Clark et al. described a tripartite model including a general distress domain
besides specific depression and anxiety domains, which provided a good fit for their data (8).
More recently, Kroenke et al. investigated a general distress score in three medically ill patient
groups and found the 16- item PHQ-ADS ‘general distress score’ to be a reliable and valid
composite measure of depression and anxiety. This composite score could, if validated in
other populations, be useful as a single measure for jointly assessing two of the most common
psychological conditions in clinical practice and research (9). Chilcot et al. tested this
unidimensional general distress model and confirmed these results with the PHQ-ADS in
dialysis patients (10). However, these authors also indicated that validation of this general
distress score is warranted in a larger sample of dialysis patients. Additionally, it is unknown
whether this concept of a general distress score also exists in other, more frequently used self-
report questionnaires to assess depression and anxiety (i.e., HADS, BDI and BAI).

In addition to a general distress factor, studies found evidence that Somatic items can be
differentiated from Cognitive items in both the BDI and BAI questionnaires (11-13). Given the
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large burden of physical symptoms in these chronically ill patients, we hypothesize that there
might be an overarching Somatic distress factor and Cognitive distress factor. A previous study
among cardiac rehabilitation patients described a 3-factor model including Depression,
Subjective Anxiety and Somatic Anxiety using a combination of the BDI and BAI (14). So far, it
is unknown how these Somatic-Cognitive models perform in dialysis patients.

This study aims to investigate a general distress score for depression and anxiety by using the
BDI/BAI and HADS in two different cohorts of dialysis patients. Evidence for a general distress
score will be determined based on the performance of the following three models: 1) strictly
unidimensional model that includes a general distress factor, 2) multidimensional model that
includes a depression factor and anxiety factor, and 3) tripartite bi-factor model that includes
a general distress, depression and anxiety factor. Secondary analyses included the
investigation of a Somatic-Cognitive distress model using the extensive 42-item BDI/BAI
guestionnaires.

Methods

Study design and participants

This study performs analyses in two Dutch cohorts of dialysis patients: the DIVERS-cohort (n =
687) and the Loosman-cohort (n = 73) (11,15). All analyses were performed separately for
both cohorts, both the demographic description of the cohorts and the factor analysis. By
analyzing two separate cohorts we aimed to generate more results with synchronized
methods to better interpret the concept of ‘general distress’ in dialysis patients.

The DIVERS-study is an observational, prospective cohort study among dialysis patients from
10 urban dialysis centers in The Netherlands. The cohort consists of both prevalent and
incident hemodialysis and peritoneal dialysis patients, included between June 2012 and
October 2016, as described in detail elsewhere (5). Patients were offered questionnaires in
Dutch, English, Arabic and Turkish. To promote generalizability, all patients on chronic dialysis
therapy (> 90 days on dialysis therapy) were considered eligible. If needed, patients received
assistance in filling in the questionnaires.

The Loosman-study is an observational, prospective cohort study in 1 urban dialysis center in
Amsterdam, The Netherlands. All patients with chronic kidney disease who were treated with
either hemodialysis or peritoneal dialysis in the St. Lucas Andreas hospital (currently OLVG)
between February 2008 and June 2008 were eligible for participation in this study, as
described in detail elsewhere (15). Patients who were unable to read or understand the Dutch
language were excluded.

Ethical Approval of the Medical Ethnic Committee was obtained. All procedures performed in
studies involving human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki declaration and
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its later amendments or comparable ethical standards. Informed consent was obtained from
all individual participants included in the study.

Demographic, social and clinical data

At baseline, the following socio-demographic and clinical data were collected from electronic
medical records in both cohorts: age, gender, dialysis modality and vintage, primary cause of
kidney disease, routine laboratory measures (e.g., hemoglobin and albumin) and status on the
transplantation waiting list. Incident patients on chronic dialysis therapy were defined as new
patients who started renal replacement therapy (> 90 days and < 180 days). Primary cause of
kidney disease was classified according to the European Renal Association-European Dialysis
and Transplant Association (ERA-EDTA) coding system and divided into 3 groups: diabetic
nephropathy, renal vascular disease and other cause (16).

We collected the following characteristics through self-report questionnaires: ethnicity
(defined as immigrant status based on the country of birth), marital status, children,
educational level, working status, current smoking, alcohol use and previous diagnosis of
depression. No data was available on previous anxiety diagnoses.

Assessment of symptoms of depression and anxiety

The DIVERS-cohort used the Beck Depression Inventory-II edition (BDI) and the Beck Anxiety
Inventory (BAI) (17,18). Respondents were asked to rate how much each of the 21 symptoms
had bothered them in the past week on a scale ranging from 0 (not at all) to 3 (severely). The
total score ranges from 0 to 63. Both the BDI and the BAl include many items assessing physical
symptoms. The BDI has been validated in dialysis patients using a depression diagnosis as
reference with good sensitivity and specificity (15). The BAI has not been validated in dialysis
patients using a formal anxiety diagnosis as reference, however, the BAIl has been validated in
a large variety of cohorts, including cohorts with somatically ill patients (14,19-22).

The Loosman-cohort used the Hospital Anxiety and Depression Scale (HADS) (23). The HADS
consists of seven items to assess anxiety symptoms (HADS-A) and seven items to assess
depressive symptoms (HADS-D). Respondents were asked to rate how much each of the
symptoms bothered them from 0 (not present) to 3 (considerable). The item scores are
summed to provide sub scores on the HADS-A and HADS-D, with scores ranging from 0 to 21
for either anxiety or depression. The HADS items are primarily based on psychological aspects
of anxiety and depression with no items assessing physical symptoms, thus the HADS may be
especially useful for screening for anxiety and depression in somatically ill patients. The
anxiety items concentrate on general anxiety, with five out of 7 items that resemble the
diagnostic criteria for generalized anxiety disorder. The depressive items concentrate
primarily on anhedonia. The HADS has been validated in dialysis patients using the DSM
diagnosis for depression as reference with good sensitivity and specificity (15,24).
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Statistical analysis

Standard descriptive statistics were used to present baseline patient characteristics for both
cohorts separately. The factor structure of the BDI/BAI and the HADS-D/HADS-A was analyzed
using confirmatory factor analysis (CFA) with robust full information maximum likelihood
(FIML) estimation as the primary method. FIML estimation is robust for missing data and non-
normally distributed data (25). Missing items on the questionnaires will be included in this
estimation method.

The models were identified using the marker-item approach, which means that the loading of
the first item of every subscale is fixed to 1 and its intercept is set to 0. Model fit was
interpreted by inspecting fit indices, employing the following rules of thumb: the comparative
fit index (CFI) indicates acceptable fit above 0.900 and good fit above 0.950; the root mean
squared error of approximation (RMSEA) indicates good fit below 0.060 (26). These fit indices
should be considered in combination, so a good fit meets all these criteria (26). The best fitting
model was obtained by means of an iterative process, starting with factor models found in the
literature (9,14) and, if necessary, adapting the model until adequate model fit was obtained.
The following constructs were evaluated using CFA:

e strictly unidimensional model that includes a general distress factor

¢ multidimensional model that includes a depression factor and anxiety factor

e tripartite bi-factor model that includes a general distress, depression and anxiety
factor.

Secondly, besides the performance indices, factor loadings were inspected to judge the
amount of correlation between the items and the general factor, where an R2 above 0.60 as
a marker for a relatively high explained common variance.

In the bifactor models, the correlations between the factors were fixed on zero and the
variances of the general factor and the other factors together were set to be equal.

Secondary analyses included the investigation of a construct containing a Somatic general
distress factor based on the Somatic items in the BDI and BAI, and a Cognitive general distress
factor based on the Cognitive items of the BDI and BAI. Furthermore, a construct by Clark et
al. containing a 3-factor Depression, Subjective Anxiety and Somatic Anxiety factor model was
investigated (11,19). Constructs that were evaluated using CFA for this secondary analysis
include:

e Two-factor model including Somatic distress and Cognitive distress
e A bifactor model including Somatic, Cognitive and a general distress factor
¢ Three-factor model including Depression, Subjective Anxiety and Somatic anxiety
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Sensitivity analyses

To be able to directly compare our results with the existing literature, we have included
analyses using a weighted least square mean and variance adjusted (WLSMV) estimation in
the CFA, in concordance with the analyses by Kroenke and Chilcot, (9,10) This WLSMV method
is specifically designed for ordinal data and uses full information data, in contrast to the main
analyses in this paper using FIML estimation which may be more appropriate to use in this
setting with missing data.

All analyses were performed in R (R Core Team), using the package lavaan (27). The complete
R code used for the factor analyses can be found in Supplementary file S1.

Results

Baseline patient characteristics

A total of 687 patients were included in the DIVERS-cohort and 73 patients in the Loosman-
cohort. Table 1 describes the baseline patient characteristics of the two cohorts. The mean
age was 65 years and both cohorts had relatively large proportions of immigrant patients,
which is explained by the urban setting. Primary causes of kidney disease were mostly diabetic
nephropathy or renal vascular disease in both cohorts. Hemodialysis and peritoneal dialysis
patients were included in both cohorts, with most of the patients being prevalent dialysis
patients. The median dialysis vintage was 13 months (4—47) in the DIVERS-cohort and 41
months (23-64) in the Loosman-cohort.

Table 1: Baseline characteristics of the 2 dialysis cohorts.

Characteristic DIVERS-cohort (n =687) Loosman-cohort (n =73)
Demographic
Mean age, years 65+15 64 £15
Male sex 424 (62%) 39 (53%)
Ethnicity
Native Dutch 387 (52%) 38 (52%)
Immigrant 300 (48%) 35 (48%)
Social
Married 316 (52%) 29 (40%)
Has Children 474 (78%) -
Low education® 127 (22%) -
Not employed 534 (89%) 70 (96%)

Renal and dialysis

Incident dialysis patients® 240 (36%) 3 (4%)
Median vintage of prevalent group, months 13 [4-47] 41 [23-64]
Treatment modality
Hemodialysis 592 (88%) 51 (70%)
Peritoneal dialysis 80 (12%) 11 (30%)
Primary kidney disease
Diabetic nephropathy 155 (24%) 15 (21%)
Renal vascular disease 163 (26%) 23 (32%)
Other cause 317 (50%) 35 (48%)
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Table 1 (continued)

Characteristic

DIVERS-cohort (n = 687)

Loosman-cohort (n = 73)

AVG or AVF*

Residual diuresis > 100 ml/24 h
On waiting list for kidney transplantation

435 (65%)
475 (71%)

Yes 201 (30%) 6 (8%)
No 471 (70%) 67 (92%)
Laboratory parameters
Mean hemoglobin (mmol/l) 7.1+0.8 7.1+£1.0
Mean albumin (g/I) 37.0+53 40.2+43
Clinical
Current smoking 108 (18%) 5 (7%)
Current alcohol use 161 (27%) 14 (19%)
Comorbidities
Diabetes mellitus 284 (42%) 21 (29%)
Chronic heart disease 111 (17%) 23 (32%)
Peripheral vascular disease 84 (13%) 8(11%)
Davies co-morbidity score
Low comorbidity 183 (27%) -
Moderate comorbidity 370 (55%) -
Severe comorbidity 119 (18%) -
Psychiatric and quality of life
Depression and anxiety
Previous diagnosis of depression 27 (4%) 8(11%)
Mean BDI depression score 12.9+9.6 8.7+7.2
Mean BAI anxiety score 10.3+10.1 -
Mean HADS-D depression score - 6.5+3.8
Mean HADS-A anxiety score - 5.8+4.0
Health-related quality of life (SF-12)
Mean physical component summary 38.1+11.1 -
Mean mental component summary 48.9+10.8 -

Values are presented as mean * SD, median [IQR] or frequency (percentage).
2 Low education: highest level of education is high school or less.

b< 180 days on dialysis.

¢ Arteriovenous Graft (AVG) or Fistula (AVF), for HD patients only.

Factor analysis on general distress

Multiple a priori defined factor models were investigated in both cohorts. Table 2 shows the
performance of these dimensional models for the BDI/BAI combination and HADS-D/HADS-A
combination.

First, a unidimensional general distress model with only one factor was investigated. This
model showed poor performances in the BDI/BAI and the HADS-D/HADS-A questionnaires
with a CFl of 0.737 and 0.699, and a RMSEA of 0.062 and 0.125, respectively.

Second, a 2-factor model with only a depression factor and an anxiety factor was investigated.
This model showed a moderate performance in the BDI/BAI questionnaires with a CFl of 0.823
and a RMSEA of 0.060. For the HADS-A/HADS-D combination, the model fit was good, with a
CFl of 0.956 and a RMSEA of 0.052.
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Last, a tripartite bi-factor model included a general distress factor besides the depression and
anxiety factors. This model showed a better fit compared to the 2-factor or unidimensional
model in the BDI/BAI (CFI 0.873, RMSEA 0.052). For the HADS-A/HADS-D combination, the
inclusion of a general factor did not improve the performance (CFl 0.839, RMSEA 0.102). A
visual representation of this model, including its factor loadings is shown in Fig. 1 for the
BDI/BAI and in Fig. 2 for the HADS. The factor loadings on the general distress factor in the
BDI/BAI cohort were low and often negative, indicating that the general factor does not seem
to be appropriate for these questionnaires. Furthermore, the R2 (explained variance) of the
general and anxiety factors were low compared to the depression factor. The factor loadings
on the general factor for the HADS questionnaires were better, however the model
performance indicated a better fit without a general factor.

A sensitivity analysis which uses an ordinal model with weighted least squares (WLSMV)
showed similar results, with all three models showing better fit indices compared to the main
analyses. The bi-factor model for the BDI/BAI and HADS showed a CFl of 0.988 and 0.997, and
a RMSEA of 0.022 and 0.021 respectively, as Supplementary Table S2.

Table 2: Performance of dimension models with a general factor using confirmatory factor analysis in

2 cohorts.
Dimension model and cohort CFI RMSEA
DIVERS-cohort* 0.737 0.062
1-factor: General distress 0.823 0.060
2-factor: BDI + BAI 0.873 0.052

Tripartite bi-factor: BDI + BAI + general distress

Loosman-cohort**

1-factor: General distress 0.699 0.125
2-factor: HADS-A + HADS-D 0.956 0.048
Tripartite bi-factor: HADS-A + HADS-D + general distress 0.839 0.102

CFI > 0.900 indicates adequate (or okay) fit and CFl > 0.950 indicates good fit.

Root Mean Square Error of Approximation (RMSEA) < 0.06 is considered to demonstrate good fit.

*The chi-square P-value for the BDI/BAI factor models were: P < 0.001 for all models. The wh and coefficients for
the BAI/BDI using 3 factors: Alpha: 0.97, G.6: 0.99, Omega Hierarchical: 0.66, Omega H asymptotic: 0.67, Omega
Total 0.98.

**The chi-square P-value for the HADS factor models were: P < 0.001 for the 1-factor model, P = 0.196 for the 2-
factor model, and P < 0.001 for the bifactor model. The wh and coefficients for the HADS using 3 factors: Alpha:
0.83, G.6: 0.89, Omega Hierarchical: 0.53, Omega H asymptotic: 0.60, Omega Total 0.89
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Figure 1: Factor loadings in tripartite bifactor model including general distress, Depression and Anxiety
using the BDI/BAI

Standordised foctor Standardized factor
Ioadings on general loadings on 2 foctors
BDI items:

~— 0.075 1. Sadness 0701 ——
-0.149 2. Pessimism 0.640
0071 | 3. Past failure 0.669
-0.187 4. Loss pleasure 0.727
0.148 5. Guilt 0.608
0.106 | 6. Punishment 0477
0.055 7. Self-dislike 0.675
0.102 | 8. Self-critic 0.600
0.071 | 9. Suicidal ideas 0.466
0.023 | 10.Crying 0533 Depression
-0.022 | 11.Agitation 0572 — (801)
-0.114 12.Interest 0.671
-0.104 | 13.Indecisive 0.658
-0.051 14 Worthless 0.659
-0.367 | 15.Energy 0539
-0282 [16Skeep | 0355
-0.036 17 Irritability 0.662
-0.224 | 18.Appetite 0.414
-0.220 | 19.Concentration 0.588
-0.392 | 20.Fatigue 0.540
= it
g:r::: _J 0271 | 21.Sex 0.289
BAl items:
-0.350 | 1. Numbness 0.423 ——
-0.231 2. Feeling hot 0435
-0.444 3. Wobbliness 0.429
-0.128 | 4. Unable relax 0.595
0.115 | 5. Fear of worst 0.751
-0.414 | 6. Lightheaded 0.453
-0.267 7. Heart racing 0.456
-0.493 8. Unsteady 0.449
0.157 | 9. Terrified 0.775
-0.040 | 10.Nervous 0.662 %
-0.163 [ 11.Choking 0520 = A(':':;v
-0.308 | 12.Trembling 0544
-0.320 | 13.Shaky 0.593
0.047 | 14.Fear control 0.721
-0.360 | 15.Breathing 0.389
0.211 16.Fear dying 0.607
0.243 17 Scared 0.803
-0.393 | 18.Indigestion 0.431
-0.433 | 19.Faint 0.457
-0.277 | 20.Face flushed 0.485
—— -0.148 | 21.Sweating 0477 —

Standardized factor loadings using a tripartite bifactor model. The items of the BDI and BAI load onto both the
general factor and on either depression or anxiety (bifactor model). Factor loadings > 0.5 indicate a good fit.
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Figure 2: Factor loadings in tripartite bifactor model including general distress, Depression and Anxiety
using the HADS

Standardised factor Standardized factor

loadings on general loadings on 2 factors
HADS-Depression:
~—  0.254 2. Enjoy things 0.909 ——
0.495 4. Laugh 0.554
0.354 6. Cheerful 0.384
0588 |8.Sloweddown | 0.336 — Depression
(HADS-D)
0.506 | 10.Appearance 0.328
0.423 12.Enjoyment 0.577
0421 14.Good book 0202:——=
(d;ies’l‘reersas[ = HADS-Anxiety:
0.489 1. Tense 0305 ——
0.336 | 3. Frightened 0.843
0.237 | 5. Worrying 0.726 .
0485 [ 7.Relaxed 0273 — (:Zﬁgfx,
0.450 | 9. Stomach 0.488
0.234 11.Restless 0.325
— 10.520 13.Panic 0377 —

Standardized factor loadings using a tripartite bifactor model. The items of the HADS load onto both the general
factor and on either depression or anxiety (bi-factor model). Factor loadings > 0.5 indicate a good fit.

Somatic and cognitive distress

The performance of these models is described in Table 3. The Somatic-Cognitive model did
not show a good performance with a CFl of 0.785 and a RMSEA of 0.066. When a general
distress factor was added to this model, the model improved to a moderate fit with a CFl of
0.879 and a RMSEA of 0.051. A visual representation of this model, including factor loadings,
is shown in Fig. 3. The factor loadings for the Somatic and Cognitive factors show a better fit
compared to the relatively low factor loadings on a general factor. This is especially the case
for the anxiety symptoms. The model from Clark et al. showed a similar performance with a
CFl of 0.839 and a RMSEA of 0.057.

Table 3: Performance of dimension models with a combination of BDI and BAl in the DIVERS cohort
using confirmatory factor analysis.

Dimension model and cohort CFI RMSEA
3-factor: Depression-somatic anxiety-subjective anxiety (Clark) 0.839 0.057
2-factor: Somatic-Cognitive BAI + BDI 0.785 0.066
Bi-factor: general-somatic-cognitive BAI + BDI 0.879 0.051

CFI > 0.900 indicates adequate (or okay) fit and CFl > 0.950 indicates good fit.
Root Mean Square Error of Approximation (RMSEA) < 0.06 is considered to demonstrate good fit.
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Figure 3: Factor loadings in model including a somatic, cognitive and general factor using the BAI/BDI

Standardised factor Standardized factor
loadings on general loadings on 2 factors
0516 15.Energy 0315 T
0.357 16.5leep 0.253
0.423 18 Appetite 0.197
0.545 19.Concentration 0.292
0.539 20.Fatigue 0.308
0.306 21.5ex 0.200
0.244 1. Numbness 0.486
0.052 2. Feeling hot 0.574
0.222 3. Wobbliness 0.545 e S Somatic
0231 [ 6. Lightheaded 0.560 L
0.136 7. Heart racing 0.545
0.319 8. Unsteady 0.523
0.246 12.Trembling 0.523
0.231 13.Shaky 0.592
0.158 15.Breathing 0.508
0.218 18 Indigestion 0.525
0.132 20.Face flushed 0.602
0104 [ 21.5weating 0536 —
0.589 1. Sadness 0354 —
General 0.626 2. Pessimism 0.234
distress ) 0590 [ 3.Past failure 0.297
0.708 4. Loss pleasure 0.278
0.486 5. Guilt 0.297
0.378 6. Punishment 0.254
0.574 7. Self-dislike 0.321
0.480 8. Self-critic 0.308
0.379 9. Suicidal ideas 0.258
0.435 10.Crying 0.286
0502 | 11.Agitation 0276 Cognitive
0.597 12.Interest 0.333 — distress
0.565 13.Indecisive 0.352
0.595 14 Worthless 0.291
0.536 17.Irritability 0.395
0.429 4. Unable relax 0.460
0.281 5. Fear of worst 0.711
0.148 9. Terrified 0.788
0.243 10.Nervous 0.606
0.080 11.Choking 0.493
0.272 14.Fear control 0.665
0.064 16.Fear of dying 0.650
0.176 17.5cared 0.817
—  0.354 19.Faint 0.302 -

Standardized factor loadings using a tripartite bifactor model. The items of the BDI and BAI load onto both the
general factor and on either a somatic factor or a cognitive factor (bi-factor model). Factor loadings > 0.5 indicate
a good fit.
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Discussion

This study aimed to investigate the performance of a general distress factor model in dialysis
patients using the BDI/BAI and HADS. We found no evidence to warrant the use of a
unidimensional general distress score in these questionnaires. We did find evidence for a
tripartite model using the BDI/BAI which includes a general distress factor in addition to the
separate constructs for anxiety and depression. The HADS performed best with only a 2-factor
model including only depression and anxiety. Furthermore, we found a moderate
performance for overarching Somatic and Cognitive dimensions of the BDI/BAI.

A direct comparison of our results to existing literature is somewhat difficult due to the use of
different questionnaires and differences in cohort characteristics. The only other study that
performed a confirmatory factor analysis in dialysis patients is Chilcot et al. investigating
general distress (10). This study was based on a study by Kroenke et al. in three cohorts of
oncology patients (9). Both Kroenke and Chilcot found a good performance for both the bi-
factor and unidimensional model for general distress (CFl 0.99 and 0.967 in 182 dialysis
patients). The present study did not find a good performance for the unidimensional general
distress model and only found a moderate performance of the bi-factor model. Several factors
may play a role in the conflicting results. First, the present study investigated the 42-item
BDI/BAI and 14-item HADS questionnaires, while other existing studies on general distress
used the 16-item PHQ-ADS questionnaire (9,10). Despite the fact that all questionnaires
measure the same concept of core symptoms of depression and (generalized) anxiety, there
are several differences, such as the absence of physical symptoms in the HADS. Second, other
studies used weighted least squares (WLSMV) estimation in their factor analyses, while the
present study used maximum likelihood estimation (ML) which may be more applicable to
handle missing data. A sensitivity analysis using WLSMV estimation showed an overall better
performance of the models, however, similar results were found regarding the performance
of the unidimensional general distress model.

While the present study found no evidence for a unidimensional use of the BDI/BAI or HADS,
evidence was found for a tripartite general distress model, hereby confirming that such a
composite ‘general distress’ construct may be used in dialysis patients when using other
questionnaires (e.g., PHQ-ADS).

Furthermore, this study showed that an overarching Somatic Cognitive distress model
provided a moderate fit (CFI 0.879, RMSEA 0.051). Such a dimensional model has been
described previously for both the BDI and the BAI separately (11,12). This adds to the existing
knowledge on factor models and possible clinically relevant symptom domains in dialysis
patients. In previous research we found that somatic and cognitive symptoms of depression
are differentially related to important clinical outcomes like mortality in dialysis patients, were
the somatic symptoms of depression are more strongly associated with subsequent mortality.
(11) Future research should investigate if somatic and cognitive distress measured with the
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BDI and BAIl are also clinically relevant in relation to the effect of treatment of these symptoms
or if the different symptom dimensions need other treatment options.

Strengths and limitations

This study has several strengths. First, this is the first study to investigate the concept of
general distress in dialysis patients using the most frequently used questionnaires to assess
anxiety and depressive symptoms, namely: BDI/BAI and HADS. Besides being relevant for
dialysis patients, a factor analysis on general distress in the BDI/BAI and HADS questionnaires
may also be relevant for other (chronically ill) patient populations. Second, in contrast to trial
data often used in other studies on this topic, this study uses a prospective cohort design
which may promote the generalizability of the present study (9,10). Finally, the sample size of
the DIVERS-cohort is substantially larger compared to the only other study in dialysis patients
on this topic (687 versus 182 patients) (10).

While interpreting the results of this study, one should take the following limitations into
account. First, while the sample size of the BDI/BAI cohort was large (n = 687), the sample size
of the HADS cohort was small (n = 73), which may increase the possibility of a type Il error.
Second, we included both incident and prevalent dialysis patients, creating a difference in
baseline characteristics. However, the combination of both incident and prevalent patients
improves the generalizability of our results to the entire dialysis population in clinical practice.
Finally, as a result of using self-report questionnaires, there are missing values. Although this
is common across literature, there is a possible selection bias of patients who are able and
willing to fill in questionnaires.

Future studies are needed to further unravel and specify the concept and hierarchal models
of general distress in relation to symptom domains of anxiety and depression in specific
patient groups (28).

Clinical implications

There may be several potential advantages of using a general distress score. First, patients
could suffer from depressive and anxiety symptoms below the cut-off score for each disorder,
while a composite general distress score may be able to identify these patients who are also
in need for additional (psychological) support. Second, the use of a single composite score
might be an easy to understand and practical solution to the implementation of screening for
depression and anxiety, which has been advocated for years but has not yet been
implemented into daily nephrological care. Literature on the barriers and facilitators of
implementing screening for depression and anxiety in dialysis patients is scarce. More
research is needed to better understand these barriers to improve screening and outcomes.

Despite the possible benefits of using a general distress score, this study did not find evidence
to warrant the use of a general distress score to describe both depression and anxiety for the
BDI/BAI or the HADS. The present study does provide evidence for a tripartite model when
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using the BDI/BAI that includes a general distress score, in addition to depression and anxiety.
In practice, this could mean that a general distress score could be used as a first step to screen
patients for depressive and anxiety symptoms, with the second step being the identification
of depression and anxiety to identify if additional treatment options need to be considered
for these particular disorders. We believe these results show that both anxiety and depressive
symptoms provide a meaningful addition to only measuring a (shorter) general distress
guestionnaire or score. Additionally, a distinction between a Somatic distress domain and a
Cognitive distress domain could be of added value in the choice of treatment options.
However, it remains difficult to translate the result of factor analyses to clinical practice, since
factor analysis cannot formally investigate whether a concept is clinically meaningful. More
research on the association between the symptom dimensions of depression and anxiety and
(adverse) clinical outcomes could aid in identifying clinically relevant dimensions.

Psychotherapy, such as cognitive behavioral therapy show promising results in reducing
depressive symptoms in dialysis patients. However, there is still a lack of adequately powered
randomized controlled trials for both depression and anxiety in dialysis patients. Future
research is needed to gain insight in the effectiveness of screening and treatment programs
for these symptoms in dialysis patients.

Conclusion

Results suggests that the BDI/BAI and HADS do not show a sufficiently unidimensional
structure to warrant the use of such a general distress score without investigating anxiety and
depression separately. The results from this study do not support the use of a general distress
score to identify anxiety and depressive symptoms. Future research is needed whether the
use of a general distress score might be beneficial to identify patients in need of additional
(psychological) support.
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Supplementary files

Supplementary file S1: R code used for the confirmatory factor analysis

# R Code by authors Schouten and van Ballegooijen.
# Libraries.
library(lavaan)

#### Table 2: CFA on general distress

### DIVERS cohort:

## 2 factor BAI-BDI

twofactorBAIBDI <-

'Depression=~MO0_BDI_1 + MO_BDI_2 + MO_BDI_3 + MO_BDI_4 + MO_BDI_5 + MO_BDI_6 +
MO_BDI_7 + MO_BDI_8 + MO_BDI_9 + MO_BDI_10 + MO_BDI_11 + MO_BDI_12 + MO_BDI_13 +
MO_BDI_14 + MO_BDI_15 + M0_BDI_16 + M0_BDI_17 + MO_BDI_18 + MO_BDI_19 + MO_BDI_20 +
MO_BDI_21

Anxiety =~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI_7 +
MO_BAI_8 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 +
MO_BAI_15 + MO_BAI_16 + MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21'

## Bi-factor BAI-BDI including a general factor.

bifactorBAIBDI <-

'Depression=~ MO_BDI_1 + MO_BDI_2 + MO_BDI_3 + MO_BDI_4 + MO_BDI_5 + MO_BDI_6 +
MO_BDI_7 + MO_BDI_8 + M0_BDI_9 + MO_BDI_10+ MO0_BDI_11 + MO_BDI_12 + MO_BDI_13 +
MO_BDI_14 + M0_BDI_15 + MO_BDI_16 + MO_BDI_17 + MO_BDI_18 + MO_BDI_19 + MO_BDI_20 +
MO_BDI_21

Anxiety =~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI_7 +
MO_BAI_8 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 +
MO_BAI_15 + MO_BAI_16 + MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21
General =~ M0_BDI_1 + MO_BDI_2 + MO_BDI_3 + MO_BDI_4 + MO_BDI_5 + MO_BDI_6 + MO_BDI_7 +
MO_BDI_8 + MO_BDI_9 + MO_BDI_10 + MO_BDI_11 + MO_BDI_12 + MO_BDI_13 + MO_BDI_14 +
MO_BDI_15 + MO_BDI_16 + MO_BDI_17 + MO_BDI_18 + MO_BDI_19 + MO_BDI_20 + MO_BDI_21 +
MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8
+

MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 + MO_BAI_15 +
MO_BAI_16 + MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

General ~~ 0*Depression

General ~~ 0*Anxiety'

## Unidimensional 1 factor model general distress.

GeneraldistressBAIBDI <-

'General =~ MO_BDI_1 + MO_BDI_2 + MO_BDI_3 + MO_BDI_4 + MO_BDI_5 + MO_BDI_6 + MO_BDI_7
+MO_BDI_8 + MO_BDI_9 + MO_BDI_10 + MO_BDI_11 + MO_BDI_12 + MO_BDI_13 + MO_BDI_14 +
MO_BDI_15 + MO_BDI_16 + MO_BDI_17 + MO_BDI_18 + MO_BDI_19 + MO_BDI_20 + MO_BDI_21 +
MO_BAI_1+ MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8
+MO_BAI_9+ MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 + MO_BAI_15 +
MO_BAI_16 + MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21'
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fitl <- cfa(twofactorBAIBDI, estimator = "MLR", data =
SF12_BDI_BAI_for_factor_analysis_v1_5_2019, missing="fiml") summary(fit1, fit. measures = TRUE,
standardized = TRUE)

modindices(fitl, sort=TRUE)

fit2 <- cfa(bifactorBAIBDI, estimator = "MLR", data = SF12_BDI_BAI_for_factor_analysis_v1l_5_2019,
missing="fiml|") summary(fit2, fit. measures = TRUE, standardized = TRUE)
modindices(fit2, sort=TRUE)

fit3 <- cfa(GeneraldistressBAIBDI, estimator = "MLR", data =
SF12_BDI_BAI_for_factor_analysis_v1_5_ 2019, missing="fiml") summary(fit3, fit. measures = TRUE,
standardized = TRUE)

modindices(fit3, sort=TRUE)

# Based on previous literature the following changes were made and applied if the model performed
better. MO_BDI_5 ~~ MO_BDI_8

MO_BDI_15 ~~ M0_BDI_20

MO_BAI_12 ~~ MO_BAI_13

### Loosman cohort

## 2 factor HADS

HADS2factor <-

'anxiety=~ HADS1_2Y + HADS3_2Y + HADS5_2Y + HADS7_2Y + HADS9_2Y + HADS11_2Y + HADS13_2Y
depression =~ HADS2_2Y + HADS4_2Y + HADS6_2Y + HADSS_2Y + HADS10_2Y + HADS12_2Y +
HADS14_2Y'

## bifactor HADS

HADSDbifactor <-

'anxiety=~ HADS1_2Y + HADS3_2Y + HADS5_2Y + HADS7_2Y + HADS9_2Y + HADS11_2Y + HADS13_2Y
depression =~ HADS2_2Y + HADS4_2Y + HADS6_2Y + HADS8_2Y + HADS10_2Y + HADS12_2Y +
HADS14 2Y

general =~ HADS1_2Y + HADS3_2Y + HADS5_2Y + HADS7_2Y + HADS9_2Y + HADS11_2Y + HADS13_2Y
+ HADS2_2Y + HADS4_2Y + HADS6_2Y + HADS8_2Y + HADS10_2Y + HADS12_2Y + HADS14_2Y
general ~~ 0*anxiety

general ~~ 0*depression’

## 1 factor HADS

HADS1factor <-

'general =~ HADS1_2Y + HADS3_2Y + HADS5_2Y + HADS7_2Y + HADS9_2Y + HADS11_2Y +
HADS13_2Y + HADS2_2Y + HADS4_2Y + HADS6_2Y + HADS8_2Y + HADS10_2Y + HADS12_2Y +
HADS14_2Y'

fit4 <- cfa(HADS2factor, estimator = "MLR", data = D, missing="fiml") summary(fit4, fit. measures =
TRUE, standardized = TRUE)
modindices(fit4, sort=TRUE)

fit5 <- cfa(HADSDbifactor, estimator = "MLR", data = D, missing="fim|") summary(fit5, fit.measures =
TRUE, standardized = TRUE)
modindices(fit5, sort=TRUE)

fit6 <- cfa(HADS1factor, estimator = "MLR", data = D, missing="fiml|") summary(fit6, fit. measures =
TRUE, standardized = TRUE)
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modindices(fit6, sort=TRUE)
#it## Table 3: CFA on Somatic-Cognitive/Affective general distress

## Somatic-Cognitive/Affective general distress

twofactorSomCog <-

'Somatic=~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + MO_BAI_12
+MO_BAI_13 + MO_BAI_15 + MO_BAI_18 + MO_BAI_20 + MO_BAI_21

+MO0_BDI_15 + MO_BDI_16 + MO_BDI_18 + MO_BDI_19 + MO_BDI_20 + MO_BDI_21 Cognitive =~
MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 + MO_BAI_16 +
MO_BAI_17 + MO_BAI_19 + MO_BDI_1 + MO_BDI_2 + MO_BDI_3 + MO_BDI_4 + M0_BDI_5 +
MO_BDI_6 + MO_BDI_7 + MO_BDI_8 + MO_BDI_9 + MO_BDI_10 + MO_BDI_11 + MO_BDI_12 +
MO_BDI_13 + MO_BDI_14 + MO_BDI_17

MO_BDI_5 ~~ MO_BDI_8

MO_BDI_15 ~~ M0_BDI_20

MO_BAI_12 ~~ MO_BAI_13'

## General-Somatic-Cognitive/Affective general distress

bifactorSomCog <-

'Somatic=~ MO_BAI_1+ MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + MO_BAI_12
+ MO_BAI_13 + MO_BAI_15 + MO_BAI_18 + MO_BAI_20 + MO_BAI_21 + MO_BDI_15 + MO_BDI_16 +
MO_BDI_18 + MO_BDI_19 + MO_BDI_20 + MO_BDI_21 Cognitive =~ MO_BAI_4 + MO_BAI_5 +
MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 + MO_BAI_16 + MO_BAI_17 + MO_BAI_19 +
MO_BDI_1+MO0_BDI_2 + MO_BDI_3 + MO_BDI_4 + MO_BDI_5 + MO_BDI_6 + MO_BDI_7 + MO_BDI_8
+MO_BDI_9 + MO_BDI_10+ M0_BDI_11 + MO_BDI_12 + MO_BDI_13 + MO_BDI_14 + MO_BDI_17
General =~ MO_BDI_1 + MO_BDI_2 + MO_BDI_3 + MO_BDI_4 + MO_BDI_5 + MO_BDI_6 + MO_BDI_7 +
MO_BDI_8 + MO_BDI_9 + MO_BDI_10 + MO_BDI_11 + MO_BDI_12 + MO_BDI_13 + MO_BDI_14 +
MO_BDI_15 + MO_BDI_16 + MO_BDI_17 + MO_BDI_18 + M0_BDI_19 + MO_BDI_20 + MO_BDI_21 +
MO_BAI_1+ MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8
+MO_BAI_9+ MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 + MO_BAI_15 +
MO_BAI_16 + MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + M0O_BAI_21

MO_BDI_5 ~~ M0_BDI_8

MO_BDI_15 ~~ MO0_BDI_20

MO_BAI_12 ~~ MO_BAI_13

General ~~ 0*Somatic

General ~~ 0*Cognitive'

## The 3-factor model by Clark et al. (2007).

Clark3Factor <-

'Depression=~M0_BDI_1 + MO_BDI_2 + MO_BDI_3 + MO_BDI_4 + MO_BDI_5 + MO_BDI_6 +
MO_BDI_7 + MO_BDI_8 + MO_BDI_9 + MO_BDI_10 + MO_BDI_11 + MO_BDI_12 + MO_BDI_13 +
MO_BDI_14 + MO_BDI_15 + MO_BDI_16 + MO_BDI_17 + MO_BDI_18 + MO_BDI_19 + MO_BDI_20 +
MO_BDI_21 Somaticanxiety=~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_6 +
MO_BAI_7 + MO_BAI_8 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_15 + MO_BAI_18 +
MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Subjectiveanxiety=~ MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_14 + MO_BAI_16 + MO_BAI_17"

fit7 <- cfa(twofactorSomCog, estimator = "MLR", data =
SF12_BDI_BAI_for_factor_analysis_v1l_5_ 2019, missing="fiml") summary(fit7, fit. measures = TRUE,
standardized = TRUE)

modindices(fit7, sort=TRUE)
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fit8 <- cfa(bifactorSomCog, estimator = "MLR", data = SF12_BDI_BAI_for_factor_analysis_v1_5_2019,

missing="fiml") summary(fit8, fit. measures = TRUE, standardized = TRUE)
modindices(fit8, sort=TRUE)

fit9 <- cfa(Clark3Factor, estimator = "MLR", data = SF12_BDI_BAI_for_factor_analysis_v1l_5_2019,

missing="fiml") summary(fit9, fit. measures = TRUE, standardized = TRUE)
modindices(fit9, sort=TRUE)

#i#t#t# Sensitivity analysis using WLS method (ordinal data).

Sensitivity.
fitOrdered <- cfa(twofactorBAIBDI, estimator = "WLSMV", data =
SF12_BDI_BAI_for_factor_analysis_v1_5_2019,

ordered = c(paste("MO0_BDI_", 1:21, sep =""), paste("MO_BAI_", 1:21, sep ="")))
summary(fitOrdered, fit. measures = TRUE, standardized = TRUE)

fitOrdered <- cfa(bifactorBAIBDI, estimator = "WLSMV", data =
SF12_BDI_BAI_for_factor_analysis_v1_5_2019,

ordered = c(paste("MO_BDI_", 1:21, sep =""), paste("MO_BAI_", 1:21, sep ="")))
summary(fitOrdered, fit.measures = TRUE, standardized = TRUE)

fitOrdered <- cfa(GeneraldistressBAIBDI, estimator = "WLSMV", data =
SF12_BDI_BAI_for_factor_analysis_v1_5_2019,

ordered = c(paste("MO_BDI_", 1:21, sep =""), paste("MO_BAI_", 1:21, sep ="")))
summary(fitOrdered, fit.measures = TRUE, standardized = TRUE)

fitOrdered <- cfa(HADS2factor, estimator = "WLSMV", data = E,
ordered = c(paste("HADSA_", 1:7, sep =""), paste ("HADSD_", 1:7, sep ="")))
summary(fitOrdered, fit. measures = TRUE, standardized = TRUE)

fitOrdered <- cfa(HADSbifactor, estimator = "WLSMV", data = E,
ordered = c(paste("HADSA_", 1:7, sep =""), paste ("HADSD ", 1:7, sep ="")))
summary(fitOrdered, fit. measures = TRUE, standardized = TRUE)

fitOrdered <- cfa(HADS1factor, estimator = "WLSMV", data = E,
ordered = c(paste("HADSA_", 1:7, sep =""), paste ("HADSD_", 1:7, sep ="")))
summary(fitOrdered, fit.measures = TRUE, standardized = TRUE)
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Supplementary table S2: Sensitivity analysis: Confirmatory Factor Analysis using Weighted Least Square
Mean and Variance adjusted (WLSMV)

Dimension model and cohort CFI RMSEA
DIVERS-cohort:

. 1-factor: General distress .880 0.067

. 2-factor: BDI + BAI 0.945 0.046

. Tripartite bi-factor: BDI + BAI + general distress 0.988 0.022
Loosman-cohort:

. 1-factor: General distress 0.903 0.114

. 2-factor: HADS-A + HADS-D 0.991 0.035

. Tripartite bi-factor: HADS-A + HADS-D + general distress 0.997 0.021

CFI>0.900 indicates adequate (or okay) fit and CFlI >0.950 indicates good fit. Root Mean Square Error of
Approximation (RMSEA)
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Abstract

Objective: To identify hemodialysis patients who are in need for treatment of anxiety, brief
and valid anxiety screening instruments are needed. We investigated the diagnostic accuracy
of two widely used screening tools for anxiety in hemodialysis patients.

Method: For this cross-sectional validation study, chronic hemodialysis patients from 8
dialysis centers in the Netherlands were included. The Beck Anxiety Inventory (BAIl) and
Hospital Anxiety and Depression Scale — Anxiety subscale (HADS-A) were validated by the
MINI-international neuropsychiatric inventory (MINI) diagnostic interview. Receiver
Operating Characteristic curves were used to determine optimal cut-off values.

Results: Of 65 participants, 13 (20%) were diagnosed with one or more anxiety disorders on
the MINI. ROC curves showed good diagnostic accuracy of the BAI and HADS-A. The optimal
cut-off value for the BAI was > 13 (sensitivity 100%, specificity 80%) and for the HADS-A > 10
(sensitivity 80%, specificity 100%).

Conclusions: Both the BAI and the HADS-A are valid screening instruments for anxiety in
hemodialysis patients that can be easily administered in routine dialysis care. The HADS-A
consists of less items and showed less false positive results than the BAI, which makes it
especially useful in clinical practice.
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Introduction

Anxiety is characterized by excessive fear that can cause clinically significant distress or
impairment of functioning. Excessive anxiety can start without a clear reason (panic disorder),
can be triggered by a traumatic event or situation (posttraumatic stress disorder (PTSD)), can
be due to a fear of social or performance situations (social anxiety disorder), can be triggered
by the presence or anticipation of a specific object or situation (specific phobia) or can be due
to a number of events or activities (general anxiety disorder (GAD)).(1)

Recently, the nephrology field has become aware that elevated anxiety symptoms are a
common problem in dialysis patients with a prevalence of 42% and with a large impact on
quality of life and adverse clinical outcomes such as impaired treatment adherence,
hospitalization and mortality.(2-6) Due to the overlap of symptoms of anxiety with symptoms
of other medical conditions, like depression and uremia, symptoms of anxiety are often
unrecognized and untreated in dialysis patients.(2, 6) Furthermore, international nephrology
guidelines inadequately address screening for anxiety and no recommendations on frequency
and preferred screening tools have been proposed.(7) Studies in chronic kidney disease and
cardiovascular disease patients investigating treatments for anxiety have demonstrated that
the results of psychotherapeutic interventions are promising on both lowering symptoms of
anxiety as well as reducing clinical outcomes such as mortality.(8-10) To identify dialysis
patients who might be in need for treatment of anxiety, validated anxiety screening
instruments that can easily be applied in routine dialysis care are needed.(2)

Although there are various screening tools for anxiety available, only few of those have been
validated in hemodialysis patients.(11, 12) A well-established screening instrument for anxiety
is the Beck Anxiety Inventory (BAI).(13, 14) The BAl was developed to assess severity of anxiety
while minimizing the overlap with depression.(13) The BAI has been used extensively and is
validated in medical settings as well as in older adults.(15-20) To our knowledge, the BAI has
not yet been validated in dialysis patients. The Hospital Anxiety and Depression Scale (HADS)
is shorter than the BAI and was developed as a self-assessment screening tool for the
detection of the presence of anxiety and depressive disorders specifically for adults attending
medical outpatient clinics.(21) The HADS excludes somatic symptoms of anxiety and
depression that are common in medical patients related to physical illness. The HADS has been
used extensively and was found to perform well in other somatic patients, although evidence
in dialysis patients has been inconclusive.(11, 12, 17, 22, 23) Two studies found acceptable
performance and recommended the use of the HADS in dialysis patients, however, another
study found poor predictive power of the HADS.(11, 12, 23) As diagnostic accuracy of
screening tools vary between settings and patient groups, further validation is needed in
hemodialysis patients.

This study aims to investigate the diagnostic accuracy of two widely used screening tools for
anxiety, the BAI and HADS-A, and validate these screening tools against a structured
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psychiatric diagnostic interview for detecting clinically relevant anxiety in hemodialysis
patients.

Materials and methods

Study design and population

To validate the BAl and HADS-A in dialysis patients, baseline data were used from the ongoing
multicenter Depression Related Factors and Outcomes in Dialysis Patients With Various
Ethnicities and Races Study — Internet Intervention (DIVERS-1I) which consists of a randomized
controlled trial (RCT) and a parallel observational cohort. The extensive study protocol has
been published previously.(24) In short, the RCT of DIVERS-II investigates the effectiveness of
an online self-help intervention for depressive symptoms in hemodialysis patients. Patients
who could not be randomized due to low depression scores were offered to participate in the
parallel observational cohort study. Consecutive patients who gave informed consent for
participation in both the RCT and observational cohort of the DIVERS-Il study between
November 28, 2019 and March 10, 2020, were asked to participate in this validation study.
Adult patients from 8 dialysis centers affiliated with 5 hospitals in the Netherlands receiving
maintenance hemodialysis (>90 days), who were able to read or understand Dutch and were
willing to undergo a psychiatric diagnostic interview were included in this validation study.
The study protocol, information brochure and informed consent were approved by the
Medical Ethics Committee of MEC-U, Nieuwegein, the Netherlands (registration number:
NL58520.100.17) and written informed consent was obtained from all participants before
participation. The study was prospectively registered in the Dutch Trial Register (Trial NL6648).
This study is carried out in accordance with the STARD 2015 reporting guideline for diagnostic
accuracy studies.(25)

Anxiety screening tools

Symptoms of anxiety were measured with the BAl and the HADS-A, the most frequently used
screening tools for assessing anxiety symptoms in chronic kidney disease patients.(5) The BAI
consists of 21 items related to common somatic and cognitive symptoms of anxiety in which
respondents are asked how much these symptoms have bothered them in the past week, on
a scale ranging from 0 (not at all) to 3 (severely). The total score is between 0 and 63, where
higher scores indicate more severe anxiety.(14) The HADS-A is a subscale of the HADS and
consists of 7 items on anxiety , on which patients are asked about the frequency or severity of
this item in the past week on a scale ranging from 0 (never) to 3 (almost always). The HADS-A
total score ranges between 0 and 21, with higher scores indicating more severe anxiety.(21)
The BAI takes approximately five minutes to complete and the HADS-A approximately two
minutes.
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Reference standard

The scores of the BAl and the HADS-A were compared to a Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-1V) diagnosis of an anxiety disorder, determined by
using the latest version of the MINI-international neuropsychiatric inventory (MINI) 5.0.0
Dutch version.(1, 26) The MINI is a widely used structured psychiatric diagnostic interview
instrument and is considered a reference standard diagnostic tool. We used sections for
anxiety disorders (panic disorder, agoraphobia, social phobia, specific phobia, PTSD and GAD)
and sections for mood disorders (depressive episode and dysthymia). The sections on
depression were used to aid in the diagnosis of GAD, as this can only be diagnosed if
depression is ruled out. If patients with a specific phobia did not have an encounter with the
object or situation of their phobia in the past two weeks, they were excluded from the analysis
as these patients were unlikely to have experienced anxiety that could be measured by the
BAI or the HADS-A, which measure symptoms experienced in the past week.

The MINI interviews were administered by a medical resident with clinical experience in
psychiatric care within one week after the self-reported scales were filled out, during a dialysis
session or over the telephone during the first COVID-19 lockdown in the Netherlands (March
2020). Administration time of the MINI was 15 to 45 minutes. The medical resident was
trained by a supervising psychiatrist with extensive experience with MINI interviews. All MINI
interviews were reviewed by the supervising psychiatrist and 10 random MINI interviews were
performed by both the medical resident and the psychiatrist to assess interrater reliability. To
minimize rating biased by knowledge of the self-reported scales, the interviewer was blinded
for the scores of the self-reported scales.

Data collection

At baseline, sociodemographic and clinical data were collected through self-reported
questionnaires and electronic patient files. The primary cause of kidney disease was classified
according to the European Renal Association—European Dialysis and Transplant Association
(ERA-EDTA) coding system and divided into four groups (renal vascular disease, diabetic
nephropathy, glomerulonephritis and other).(27) The Davies comorbidity index was used to
define the level of comorbidity.(28)

Power calculation

A total sample size of 60 participants was required when selecting a sensitivity of 98% and
specificity of 85%, with a clinically acceptable width of no larger than 10% for sensitivity and
specificity of the 95% confidence level when accounting for estimated dropout rate of 5% and
estimated prevalence of 22% in this cohort.
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Statistical analysis

Standard descriptive statistics were used to present the baseline characteristics of the study
population, depending on the variable and underlying distribution. Interrater reliability was
calculated with the kappa statistic and interpreted using the guidelines for strength of
agreement from Landis and Koch.(29) The unidimensionality of the BAI and HADS-A was
analyzed in a 1 factor model using Confirmatory factor analysis (CFA) with robust full-
information maximum likelihood estimation. Model fit was interpreted by inspecting the
comparative fit index (CFI) with acceptable fit if greater than 0.900 and the root mean squared
error of approximation (RMSEA) with good fit if less than 0.060. CFA was performed in R (R
Core Team), using the package lavaan.(29, 30) Chronbach’s alpha was calculated to provide a
measure of internal consistency. To determine the diagnostic accuracy of the BAl and HADS-
A, receiver operating characteristics (ROC) curves were plotted and the area under the curve
(AUC) was determined. The optimal cut-off score was assessed using the highest Youden
Index.(31) In addition, sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (LR+) and negative likelihood ratio (LR-) were
calculated for the optimal cut-off scores. Statistical analysis were performed using SPSS for
Windows, version 21 (IBM Corp).

Results

Participants and baseline characteristics

Participant flow is shown in Figure 1. Baseline characteristics are presented in Table 1. We
included a total of 65 patients, of which 69% were male with a mean age of 66 (standard
deviation (SD) 13) years. Mean dialysis vintage was 23 months (interquartile range (IQR) 8-38).
The majority of patients (62%) had a moderate Davies comorbidity score and almost half of
the patients (45%) had diabetes mellitus as a comorbid condition.

In the medical history, 6% had a diagnosis of major depressive disorder and none of the
patients had an anxiety disorder. At baseline, one patient was currently treated with
psychotherapy and 10 patients (16%) were using antidepressants. Mean baseline BAI score
was 8.4 (SD 7.5) and median HADS-A score was 2.0 (inter quartile range (IQR) 0.3-5.0).

54



Validation of BAl and HADS-A

Figure 1: Patient flow diagram

Participants who signed ICF for
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Abbreviations: ICF, Informed Consent Form; DIVERS-II, Depression Related Factors and Outcomes in Dialysis
Patients With Various Ethnicities and Races Study — Internet Intervention.
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Table 1: Baseline characteristics of 65 hemodialysis patients.

Characteristic

All patients (n=65)

Demographic

Age (year)

Male sex

Immigrant*

Country of birth
The Netherlands

Social
Married/in a relationship
Has Children
Education**

Low

Middle

High
Employed

Renal and dialysis
Dialysis vintage (months)
Primary kidney disease
Renal vascular disease
Diabetic nephropathy
Glomerulonephritis
Other
Kt/Vurea at baseline
On waiting list for kidney transplant
Residual diuresis of 2100ml/24h

Clinical
Davies comorbidity score
Low comorbidity
Moderate comorbidity
High comorbidity
Comorbid conditions
Diabetes mellitus
Cardiovascular disease***
Laboratory
Hemoglobin (g/dL)
Phosphate (mg/dL)
Albumin (g/L)
Parathyroid hormone (pg/mL)

Psychiatric

Psychiatric diagnosis in medical history
None
Major depressive disorder
Anxiety disorder
Other

Anxiety and Depressive symptoms
HADS total score

Anxiety symptoms
HADS-A score
BAI score

66 +13
45 (69%)
18 (28%)

51 (79%)

26 (40%)
44 (68%)

16 (25%)
31 (48%)
17 (27%)
8 (12%)

23 [8-39]

14 (22%)
16 (25%)
11 (17%)
21 (32%)
3.7+11
17 (36%)
47 (72%)

15 (23)
40 (62%)
10 (15%)

29 (45%)
50 (77%)

10.8+1.3
5.0+1.6
3.8+0.5
48 +37

55 (85%)
4(6%)

0 (0%)

7 (11%)

8.7+6.0

2.0[0.3-5.0]
84+75
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Table 1 (continued)

Characteristic All patients (n=65)
Depressive symptoms
HADS-D score 5.4+3.2
BDI-Il score 13.2+7.7
Current psychotherapy 1(2%)
Antidepressant use 10 (16%)
SSRI 3 (5%)
SNRI 0 (0%)
Tricyclic 7 (11%)
Note: Values are presented as mean + standard deviation, median [interquartile range], or frequency
(percentage).

Abbreviations: BAI, Beck Anxiety Inventory; BDI-Il, Beck Depression Inventory; HADS, Hospital Anxiety and
Depression Scale; HADS-A, Hospital Anxiety and Depression Scale — Anxiety subscale; HADS-D, Hospital Anxiety
and Depression Scale — Depression subscale; SNRI, Serotonin and norepinephrine reuptake inhibitors; SSRI,
selective serotonin reuptake inhibitor.

*Immigrant status is based on the country of birth of the patient or on country of birth of one or both biological
parents.

**Education: Low = primary education, middle = secondary education, high = higher professional education
and university.

***Cardiovascular disease = acute coronary syndrome, angina pectoris, percutaneous coronary angioplasty,
coronary artery bypass surgery, heart failure, peripheral arterial vascular disease, stroke, hypertension.

Prevalence of anxiety disorders

Of 65 the patients, 13 (20%) had one or more diagnoses of an anxiety disorder and 10 (15%)
had a diagnosis of a current depressive episode identified by the reference standard MINI
interview. Of the patients with an anxiety disorder, 2 (3%) were diagnosed with a panic
disorder, 2 (3%) with social phobia and 2 (3%) with PTSD. In 10 patients (15%), a diagnosis of
specific phobia was found, but only one of these patients had an encounter with the object or
situation of their phobia in the past two weeks and was therefore included in the analysis.

Interrater reliability and performance

Of 10 random MINI interviews performed both by the medical resident and the psychiatrist,
three cases were discussed because of a discrepancy in the diagnosis. Consensus was reached
after discussion in two cases. In the third case, a depressive episode was diagnosed by both
the medical resident and the psychiatrist, but no consensus on the timing of the episode was
reached because different information was given by the participant in the interviews.
Interrater reliability was found to be Kappa 0.82 (p<0.001). Confirmatory factor analysis
showed a CFl of 0.581 and RMSEA of 0.131 for the BAI, and a CFl of 0.938 and RMSAE of 0.107
for the HADS-A, indicating that both the BAl and HADS-A are not unidimensional. Crohnbach’s
alpha was 0.86 for the BAI and 0.82 for the HADS-A.

Diagnostic accuracy of the BAl and HADS-A

Cross tabulation of the BAl and HADS-A by the MINI are presented in Table 2a and Table 2b.
The ROC curve for the BAI showed good diagnostic accuracy with an AUC of 0.95 (95%
confidence interval (Cl) 0.89; 1.00) (Supplemental Figure 1a). The optimal cut-off value was >
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13 with a sensitivity of 80% and a specificity of 100% (Table 3). Due to 9 false positive cases,
the PPV was 36%. These 9 cases scored high on somatic symptoms of anxiety measured by the
BAl like difficulty breathing, unsteadiness, wobbliness of legs, sweating and dizziness. With no
false negative cases the NPV was 100%. The LR+ is 80 and the LR-is 0.2.

The ROC curve for the HADS-A also showed good diagnostic accuracy with an AUC of 0.95
(95%Cl 0.85; 1.00) (Supplemental Figure 1b). The optimal cut-off value was > 10, with a
sensitivity of 80% and a specificity of 100%. There were no false positive cases making the PPV
100% and with one false negative case the NPV was 98%. The LR+ is 80 and the LR- is 0.2 (Table
3).

Table 2a: Cross tabulation of the BAI by the results of the MINI.

No anxiety Anxiety diagnosis  Total
diagnosis (MINI) (MINI)
BAI< 13 51 0 51
BAI>13 9 5 14
Total 60 5 65

Table 2b: Cross tabulation of the HADS-A by the results of the MINI.

No anxiety Anxiety diagnosis  Total
diagnosis (MINI) (MINI)
HADS-A < 10 60 1 61
HADS-A 210 0 4 4
Total 60 5 65

Abbreviations: BAI, Beck Anxiety Inventory; HADS-A, Hospital Anxiety and Depression Scale — Anxiety subscale;
MINI, MINI-international neuropsychiatric inventory.

Table 3. Characteristics of the BAl and HADS-A.

Screening AUC Optimal Sensitivity  Specificity PPV NPV LR+ LR-
tool cut-off

BAI 95% 10 0.80 1.00 1.00 0.98 80 0.2
HADS-A 95% 13 1.00 0.85 0.36 1.00 80 0.2

Abbreviations: AUC, Area Under the Curve; BAI, Beck Anxiety Inventory; HADS-A, Hospital Anxiety and
Depression Scale — Anxiety subscale; LR+, Positive Likelihood Ratio; LR-, Negative Likelihood Ratio; NPV, Negative
Predictive Value; PPV, Positive predictive Value.

Discussion

The aim of our study was to validate the diagnostic accuracy of the BAI and HADS-A in
detecting clinically relevant anxiety in hemodialysis patients. To the best of our knowledge,
there are only few studies that have validated the HADS-A and no studies to validate the BAI
in this population. Our results show that the BAl and HADS-A had similar discriminative power
to detect clinically relevant anxiety in hemodialysis patients with an optimal cut-off value for
the BAI of > 13 and for the HADS-A of > 10.
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We found a prevalence of anxiety disorders with the MINI of 20%, including all specific
phobias. This is comparable to a recent systematic review and meta-analysis who found a
prevalence of 19% of anxiety disorders among chronic kidney disease patients, but less than
a comparable validation study in hemodialysis patients who found a prevalence of 46%.(5, 23)
In the validation study by Cukor and colleagues, a poor predictive power of the HADS-A was
found in contrast to our findings.(23) Similar to our results, specific phobias were the most
common diagnosis in this study with a prevalence of 27%. It is possible that we found better
performance of the HADS-A in our study because we excluded patients with specific phobias
who did not have an encounter with the topic of their phobia in the past two weeks. Validation
of screening tools for specific phobias is complicated as these patients may not experience
anxiety related to their phobia in the same timeframe in which the screening tool was
administered.

Optimal cut-off values for the BAI vary in the literature and range from > 10 in the general
population and > 12 to > 16 in other chronically ill patient populations or older adults.(16, 17,
33) This variety in cut-off values for the BAI could be attributable to differences in patient
characteristics, but could also be due to an overlap between anxiety symptoms and the
symptoms of chronic disease and depression.(6, 15, 19) This overlap with the symptoms of
other conditions can be a reason for our finding of the relatively poor PPV (36%) of the BAl in
our cohort. On the other hand, the NPV of 100% of the BAI using a cutoff value of 2 13 in our
cohort suggest that it might be a good instrument to rule out anxiety disorders in hemodialysis
patients. Suggested cutoff scores for the HADS-A vary from > 6 in a dialysis cohort, > 7 in
Parkinson’s disease and 2 8 in a review of patients from both the general population as well
as in medical settings.(11, 17, 22) We found a higher cut of score of 2 10 with a high positive
predictive value of 100% and a high negative predictive value of 98%. This suggests that the
HADS-A was both good at detecting anxiety disorders and also at ruling them out. The
relatively high cutoff score we found might be due to the presence of symptoms related to
general distress common in chronically ill patients, instead of symptoms related to an actual
anxiety disorder.(34)

As the main goal of our study was to validate instruments in order to screen for clinically
relevant anxiety in dialysis patients, it was more important to choose cutoff scores based on
their ability to capture all the respondents with anxiety disorders (high sensitivity and high
NPV) in exchange for an increased chance of getting a false positive score (lower PPV). The
burden of a dialysis patient getting one psychiatric consultation in which no anxiety disorders
are identified, is likely to be less harmful than missing a patient who is in actual need of
psychiatric treatment and who is at risk of poorer health outcomes associated with the
presence of anxiety disorders.(3, 4, 6) Where PPV and NPV depend on the prevalence of a
disease in a certain population, likelihood ratios do not. The likelihood ratio is a powerful
measure of the diagnostic accuracy of a test and indicates how much that result will raise or
lower the probability of disease.(35) For the optimal cut-off values of both the BAI and the
HADS-A we found in our study, the LR+ is 80 and the LR- is 0.2. This means that scoring > 13
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on the BAIl or 2 10 on the HADS-A has a large effect on the post-test probability of having a
diagnosis of anxiety disorder and that scoring below the cut-off values has a moderate effect
on the posttest probability of not having a diagnosis of anxiety disorder. Therefore, screening
with the BAI or the HADS-A is useful to detect hemodialysis patients in need for further
psychiatric assessment and possible treatment of their anxiety symptoms, although the HADS-
A would be the preferred screening tool over the BAI because of a high NPV without
compromising on the PPV.

Multiple strengths of this study can be identified. This is the first study to validate two widely
used screening tools for anxiety disorders in hemodialysis patients. We included patients from
8 urban dialysis centers with a multi-ethnic population which increases the generalizability of
the results. Also, the exclusion of patients with specific phobias who had no exposure to the
specific situation or object related to the phobia in the past two weeks in the analysis is a
strength, as these patients were likely to not have experienced symptoms of anxiety related
to their diagnosis that could be measured by the screening tool. Furthermore, there was an
interrater reliability of almost perfect agreement.

Limitations of this study include the limited sample size and relatively low number of
diagnoses of anxiety disorders that are included in the analysis which could decrease
generalizability. Cukor and colleagues found 46% of patients meeting the criteria of a DSM-IV
diagnosis of anxiety disorder in a single urban hemodialysis center compared to 20% in our
study.(23) It is possible that anxiety disorders were not that prevalent in the study population
of DIVERS-II or that there was a selection bias in patients who were willing to participate in
the DIVERS-II study or in a diagnostic interview on anxiety due to avoidant coping style.
Second, as we did not have a diagnosis of GAD with the MINI in our study population, we
cannot draw conclusions about diagnosing GAD with the BAI or HADS-A in hemodialysis
patients. Third, some of the MINI interviews were conducted by telephone instead of face-to-
face due to COVID-19 measures. Although this might affect accuracy of diagnosis, we do not
expect a large impact on the results because of the structured nature of the MINI. Fourth,
there was no Dutch translation of the MINI available compatible with the DSM-5 at the time
of data acquisition. The differences between DSM-IV and DSM-5 relevant to this paper are
that PTSD is excluded from the anxiety disorders and agoraphobia is separated from panic
disorder in DSM-5 in comparison to DSM-IV.(36) The use of DSM-IV could limit clinical utility
of our results and comparability with future validation studies.

In conclusion, both the BAI and the HADS-A are valid and quick screening instruments for
detecting clinically relevant anxiety in hemodialysis patients that can be easily administered
in routine dialysis care. The suggested cut-off value for the BAI is 2 13 and for the HADS-A is >
10 in this population. The exclusion of somatic symptoms of anxiety in the HADS-A, the lower
number of items and the high predictive value might make it more useful in clinical practice
than the BAI. As diagnostic accuracy of screening tools varies between settings and patient
groups, further validation of anxiety screening tools in hemodialysis populations from
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different health systems is needed to strengthen the current evidence on this topic and to
further improve the identification of hemodialysis patients who are in need for treatment of
anxiety disorders.
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Supplemental Figure 1a: ROC curve of the BAI
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Abbreviations: AUC, area under the curve; HADS-A, Hospital Anxiety and Depression Scale — Anxiety
subscale; ROC, receiver operating characteristic.
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Abstract

Objective: Symptoms of anxiety are highly prevalent in dialysis patients and are associated
with adverse clinical outcomes. Identifying symptom dimensions may help to understand the
pathophysiology, improve screening and guide treatment. Currently, there are no data on
symptom dimensions of anxiety in dialysis patients. This study aimed to identify the best fitting
dimensional model for anxiety in dialysis patients and assess the association between
symptom dimensions of anxiety and adverse clinical outcomes.

Methods: This study is a prospective observational cohort study including patients from 10
urban dialysis centers between 2012 and 2017. Anxiety symptoms were measured using the
self-reported questionnaire Beck Anxiety Inventory. Confirmatory factor analysis was used to
identify symptom dimensions. The association between dimensions and mortality,
hospitalization and quality of life was investigated using stepwise cox, poisson and lineair
regression models. Multivariable models included demographic, social, laboratory and clinical
variables to adjust for possible confounding.

Results: In total 687 chronic dialysis patients were included. A Somatic and Subjective anxiety
dimension were identified. Only Somatic anxiety symptoms showed an association with
increased risk of hospitalization and mortality (Rate Ratio 1.73 (1.45-2.06) p =.007 and Hazard
Ratio 1.65 (1.15-2.37) p = .007 respectively). These associations were independent from
somatic comorbidity. All symptom dimensions of anxiety showed an association with Quality
of Life.

Conclusion: This study shows that anxiety is common in chronic dialysis patients and
comprises of a somatic, subjective, and a total score. The discrimination between anxiety
dimensions can be useful for clinical practice, as they are related to different clinical outcomes.

Highlights

e Anxiety symptoms are very common in patients with kidney disease

e Better insight in these symptoms is needed to aid in screening and treatment
e This study identified several key symptom dimensions

e The somatic symptom dimension was related to a decreased survival

¢ All dimensions of anxiety showed a marked effect on Quality of Life
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Introduction

Mental health disorders, like anxiety and depression, are common in patients with end stage
renal disease receiving dialysis therapy. Although recently a few studies reported on the role
of depressive symptom dimensions on clinical outcomes in dialysis patients, to the best of our
knowledge dimensions of anxiety have not yet been described (1,2). This is important as the
prevalence of anxiety symptoms ranges from 22 to 53%, and a body of literature recognized
the clinical relevance of anxiety symptoms. (3—9)

Several studies in dialysis patients described an association between anxiety symptoms and
adverse clinical outcomes, such as an increased hospitalization rate and higher risk for all-
cause mortality (4,6,10). Despite the burden of anxiety symptoms, these symptoms are often
underdiagnosed and undertreated in dialysis patients (8). The poor detection of anxiety might
be explained by the overlap of anxiety symptoms with symptoms of CKD (i.e.,
faint/lightheaded due to blood pressure variability, high blood pressure, difficulty breathing,
indigestion), as is the case with depressive symptoms in CKD. To aid in the implementation of
screening and ultimately improve outcomes, it is important to gain further insight in anxiety
symptoms and their relation to clinical outcomes. Identifying clusters or dimensions of anxiety
symptoms with factor analysis is one of the first steps that may aid the understanding of the
clinical presentation and pathophysiology of anxiety and outcomes in dialysis patients.

Data on symptom dimensions of anxiety in dialysis patients is scarce. Besides studies
investigating the distinction between depression and anxiety in dialysis patients, no studies
have thoroughly investigated symptom dimensions of anxiety (2). Furthermore, it is not
known whether there is a differential association between the dimensions of anxiety and
adverse clinical outcomes, such as hospitalization, quality of life and mortality.

To identify possible symptom dimensions of anxiety in dialysis patients, this study will test
three hypotheses or constructs described in literature in other patient populations. First, Beck
et al. described a model with a Somatic and Cognitive anxiety dimension in psychiatric
outpatients (11,12). Second, Steer et al. adjusted this model to a Somatic and Subjective
anxiety dimension and found a good performance in a variety of clinical cohorts (13-15). Third,
a 4-factor model was described by Osman included a) Neurophysiologic, b) Autonomic c) Panic
and d) Subjective anxiety dimension, which provided a good fit in other somatically ill patient
groups (15-21).

There are two primary aims of this study: 1) to identify dimensions of anxiety symptoms by
investigating existing models with confirmatory factor analysis and 2) to investigate the
association between these anxiety symptom dimensions and adverse clinical outcomes,
including all-cause mortality, hospitalization and quality of life. The present study is the first
study to investigate symptom dimensions of anxiety in dialysis patients using the Beck Anxiety
Inventory. These data may provide new insights in the understanding of both the clinical
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presentation of anxiety and possible pathophysiological mechanisms to adverse clinical outcomes in
dialysis patients.

Methods

Study cohort

Data were obtained from the ‘DIVERS’ study. This is an observational, prospective cohort study
among dialysis patients from 10 urban dialysis centers in the Netherlands. The cohort consists
of both prevalent and incident dialysis patients, included between June 2012 and October
2016, as described elsewhere (4). Inclusion criteria included: a) age > 18 years, b) chronic
dialysis patients (=90 days on dialysis therapy). Exclusion criteria included: a) patients who
were unable to understand the questionnaires, despite bedside assistance. To promote the
generalizability of these results, all patients were considered eligible and no exclusion criteria
were applied regarding the medical history or current medical condition of patients. This study
was approved by the medical ethics committees of all participating hospitals and was carried
out in accordance with the Declaration of Helsinki.

Demographic, social and clinical data

At baseline, the following socio-demographic and clinical data were collected from electronic
medical records: age, gender, dialysis modality and vintage, comorbidities (summarized in the
Davies comorbidity score), primary cause of kidney disease, routine laboratory measures,
transplantation waiting list and medication use. Incident dialysis patients were defined as new
patients on renal replacement therapy> 90 days and < 180 days. The primary cause of kidney
disease was classified according to the European Renal Association-European Dialysis and
Transplant Association (ERA-EDTA) coding system and causes were divided into 4 groups:
diabetes mellitus, glomerulonephritis, renal vascular disease, and other (22). The level of
comorbidity was defined according to the Davies comorbidity index, indicating no,
intermediate or severe comorbidity and a 7-point severity scale (used in the multivariable
analyses) (23).

We collected the following characteristics through self-reported questionnaires: ethnicity
(defined as immigrant status based on the country of birth), marital status, children,
educational level, working status, current smoking and alcohol use. Patients were assisted if
they were not able to fill in the questionnaires themselves, however when patients could not
understand the questions or scoring, they were marked as ‘missing’. To improve
generalizability, all questionnaires and variables were available in Dutch, English, Turkish, and
Moroccan Arabic translations.

Assessment of anxiety symptoms

Anxiety symptoms were measured using the self-questionnaire Beck Anxiety Inventory (BAI)
(12). Respondents were asked to rate how much each of these symptoms had bothered them
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in the past week, on 21 items on a scale ranging from 0 (not at all) to 3 (severely). The total
score ranges from a minimum of 0 to a maximum of 63. The BAI was analyzed primarily using
cut-off values (BAI > 16) to aid in the interpretation of the hazard ratio's and relative risks.
Sensitivity analysis included the use of the continuous scores. Although the BAI has not been
validated in dialysis patients, it has been validated in a large variety of cohorts, including
cohorts with somatically ill patients (11,15,18,19,21). These studies show that the BAI has a
high internal consistency (Crohnbachs a = 0.92) and a test-retest reliability over one week of
0.75 in cardiology patients. The Crohnbach a in the present study was 0.914. For the BAI the
cut-off of 16 was based on the manual provided by Beck et al. indicating ‘clinically significant’
anxiety symptoms (12). In this study the term ‘anxiety’ refers to patients who scored above
this predefined cut-off score for clinically relevant anxiety symptoms, not to a clinical diagnosis
based on the DSM. This study used validated BAI translations in Dutch, English, Turkish and
Moroccan Arabic.

Assessment of clinical outcomes: mortality, hospitalization rate and QoL

The primary clinical endpoint of this study was all-cause mortality. Cause and time of death
were collected with a maximum follow-up of 4 years. Cause of death was classified using the
ERA-EDTA coding system. Data from baseline to 1 year after inclusion was used to calculate
the hospitalization rate in number of hospitalizations per year. When a patient had been
discharged from hospital and was admitted again on the same day, the hospital admittance
was considered 1 event. Quality of life was measured using the 12-item Short Form health
survey (SF-12), consisting of both a mental component score and physical component score.

Statistical analysis

Standard descriptive statistics were used to present baseline characteristics for the total
population and stratified by the presence of Anxiety symptoms (BAI > 16).

Factor analysis

The factor structure of the BAI was analyzed using confirmatory factor analysis (CFA) with
robust full information maximum likelihood (FIML) estimation. FIML estimation is robust for
missing data and non-normally distributed data (24). The models were identified using the
marker-item approach, which means that the loading of the first item of every subscale is fixed
to 1 and its intercept is set to 0. Model fit was interpreted by inspecting fit indices, employing
the following rules of thumb: the comparative fit index (CFl) indicates acceptable fit above,900
and good fit above,950; the root mean squared error of approximation (RMSEA) indicates
good fit below,060; and the standardized root mean squared residual (SRMR) indicates good
fit below,080 (25). These fit indices should be considered in combination, so a good fit meets
all these criteria (25). The best fitting model was obtained by means of an iterative process,
starting with factor models found in the literature (11,13,15) and, if necessary, adapting the
model until adequate model fit was obtained. These analyses were performed in R (R Core
Team), using the package lavaan (26).
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Association with adverse clinical outcomes

Univariable and multivariable regression models were used to investigate the association
between the different dimensions of anxiety symptoms and adverse clinical outcomes,
including Qol, hospitalization rate and all-cause mortality. General, somatic and subjective
symptom dimensions were investigated in all regression models. Variables were included in a
predefined stepwise manner to show the effect of the extra included variables on the effect
estimates. Several variables are deliberately within the causal pathway to investigate the
effect/change on the association between anxiety and outcome. The change in HR, RR or beta
can give an indication of the effect of these variables on the causal pathway itself. The pre-
defined steps included in the multivariable models include the following variables:

e Model 1: Crude effect measure

e Model 2: Adding: Gender, Age, Ethnicity Incident/prevalent to model

¢ Model 3: Adding: Children yes/no, Married yes/no, Paid job yes/no, Education level

e Model 4: Adding: Dialysis vintage, Dialysis modality (hemodialysis versus peritoneal
dialysis), Incident/prevalent and the 7-point DAVIES comorbidity score (including DM,
congestive heart failure, ischemic heart disease, peripheral vascular disease, COPD,
liver disease, cancer, collagen vascular disease), laboratory measures (Hemoglobin,
Albumin, Kt/V, and Calcium)

e Model 5: Adding: Physical component score of the Quality of Life (SF-12).

All models used the dichotomous scores for the symptom dimensions as the predictor variable
to improve clinical interpretation. Sensitivity analyses will use the continuous scores of the
symptom dimensions. Since no cut-off value for the Subjective and Somatic symptom
dimension were described or validated, the median value was used for dichotomization. For
the general BAI score, a validated cut-off of 16 was used.

Quality of life

Qol was investigated using the SF-12 total scores as a continuous variable in linear regression
models, where a beta was calculated to show the decrease in Quality of Life scores associated
with a higher symptom burden of anxiety.

Hospitalization

Hospitalization numbers were presented as count data, displaying the number of
hospitalizations during the first year after inclusion (number / year). The association between
anxiety symptoms dimensions and hospitalization was studied using Poisson regression
models.

Mortality

Median survival time was calculated using the life table method (Kaplan Meier). Time to event
was calculated using the moment of inclusion as starting point. Patients who at the end of
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their follow-up, were lost to follow-up, were transplanted or had recovery of renal function
were censored. The hazard ratio (HR) for survival for the different dimensions was estimated
using Cox proportional hazards analysis. To allow for direct comparison between groups of
patients, we divided the population into binary (lowest-highest) subjective, somatic, and
general anxiety dimensions.

Missing values

To maximize the generalizability of the results, participating patients had the option to
participate in a non-questionnaire part of the study. These patients only gave consent to
gather information from their electronic patient file, without filling in self-reported
questionnaires. This provided us data on characteristics of patients who were otherwise
excluded. To assess the impact of missed items on the results, missing values of BAI were
imputed by using multiple imputation techniques (10 repetitions) as a sensitivity analysis. All
statistical analyses were performed using SPSS for Windows version 24, ‘R' and R-studio
v.3.5.3.

Results
Baseline characteristics

A total of 687 dialysis patients were included in this cohort study. Table 1 described the
baseline characteristics for all patients, and stratified by the presence of anxiety symptoms
above the cut-off value (BAI>16). The cohort consisted of 433 (64%) prevalent and 240 (36%)
incident dialysis patients. Prevalent patients had a median dialysis vintage of 13 months (IQR,
4-47 months). The mean age was 65 +/ 15 (SD) years, 62% of patients were men and 48% of
patients were immigrants. The cohort had a follow-up for a maximum of 4 years, with a
median follow-up of 3.1 years (IQR, 3.0-3.5). A total of 173 patients (25%) died during follow-
up. Total comorbidity scores were divided into low (27%), intermediate (55%) and severe
(18%). The most prevalent comorbidities were diabetes and hypertension, with prevalence
rates of 42% and 64% respectively. Most of the patients had children (78%), 52% were
married, 38% had a low education level and 89% of this cohort did not have paid work. A third
(34%) of the patients described a self-perceived need of a psychologist now or in the future.

Baseline demographic and clinical variables had<5% missing values, the overall percentage of
missing items on returned questionnaires was 7.8%. Missing data on self-reported
guestionnaires consisted of (1) patients who participated in the non-questionnaire part of this
study (8% of the total cohort), (2) patients with missing items on the BAI (14%) and (3) patients
with a completely missing BAI score (4%). Sensitivity analyses, using multiple imputation of
missing items and questionnaires, showed no major differences compared to the complete
case analyses.
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Table 1: Baseline characteristics

Characteristic All patients Anxiety®
(n=687)° No (n = 395) Yes (n = 113)
Demographic
Age, years 65 +/- 15 65 +/-15 62 +/-14
Male Sex 424 (62%) 238 (62%) 71 (63%)
Immigrant 300 (48%) 163 (43%) 67 (61%)
Country of Birth
European 366 (58%) 244 (64%) 45 (41%)
Sub-Saharan Africa/ Northern Africa 22 (4%) 13 (3%) 2 (2%)
Western Asia / Southern Asia/South Eastern Asia 54 (9%) 19 (5%) 17 (16%)
South-America/ 57 (9%) 33 (9%) 14 (13%)
Caribbean 131 (21%) 75 (20%) 32 (29%)
Social
Married 316 (52%) 207 (52%) 55 (49%)
Has Children 474 (78%) 306 (78%) 87 (78%)
Low education® 127 (22% 90 (24%) 19 (17%)
Not employed 534 (89%) 336 (86%) 107 (95%)
Renal and dialysis
Incident dialysis patient® 240 (36%) 142 (37%) 33 (30%)
Vintage of prevalent group, mo 13 [4-47] 11 [4-45] 28 [5-57]
Treatment modality:
Hemodialysis 592 (88%) 336 (88%) 100 (89%)
Peritoneal dialysis 80 (12%) 47 (12%) 12 (11%)
Primary kidney disease:
Diabetic Nephropathy 155 (24%) 82 (23%) 38 (36%)
Renal vascular disease 163 (26%) 100 (28%) 18 (17%)
Glomerulonephritis 70 (11%) 40 (11%) 11 (10%)
Other 247 (39%) 140 (39%) 40 (37%)
AVG or AVF 435 (65%) 246 (64%) 73 (65%)
Kt/V urea at baseline 2.0 [1.5-3.6] 2.0 [1.5-3.4] 1.7 [1.4-3.6]
Residual diuresis > 100 ml/24 h 475 (71%) 277 (72%) 68 (61%)
On waiting list for Tx
Yes 201 (30%) 124 (32%) 30 (27%)
No, for medical reasons 425 (63%) 235 (61%) 71 (63%)
No, for patient preference 46 (7%) 24 (6%) 11 (10%)
Clinical
Current smoking 108 (18%) 68 (18%) 23 (21%)
Current alcohol use 161 (27%) 110 (28%) 27 (24%)
Davies co-morbidity score:
Low comorbidity 183 (27%) 109 (29%) 24 (21%)
Moderate comorbidity 370 (55%) 212 (55%) 58 (52%)
Severe comorbidity 119 (18%) 62 (16%) 30 (27%)
Comorbidities:
Diabetes mellitus 284 (42%) 154 (40%) 58 (52%)
Chronic heart disease 111 (17%) 59 (15%) 24 (21%)
Peripheral vascular disease 84 (13%) 53 (14%) 12 (11%)
Psychiatric and quality of life
BAI score 10.3 +/-10.1 6.0+/- 4.5 25.4+/-9.5

Anxiety symptoms (BAI > 16)
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Table 1 (continued)

Characteristic All patients Anxiety®
(n=687) No (n = 395) Yes (n =113)
HRQoL (SF-12)
PCS score 38.1(11.1) 38.2(10.5) 40.0 (11.2)
MCS score 48.9(10.8) 50.9 (9.5) 33.0(10.1)

Values are presented as mean +/- SD, median [IQR] or frequency (percentage). HRQoL, Health related quality of
life; PCS, physical component summary; MCS, mental component summary.

2 56 of 687 participating patients gave only permission to collect data from electronic medical records and did
not provide consent for self-report measurement of anxiety, depression and more. Details on missing values can
be found in Table S6.

b Jow education: highest level of education is high school or less.

¢ < 180 days on dialysis. d versus central venous catheter, for HD patients only.

¢ Defined as BAI < 16 vs 216.

Anxiety symptoms

Anxiety symptoms were common in 22% of the cohort. Patients with high anxiety symptoms
differed from patients with low anxiety symptoms in a number of baseline characteristics: the
proportion of immigrants was higher in the anxiety group (61% vs 43%), the prevalence of
diabetes was higher in the anxiety group (52% vs 40%), and the mental component score of
the health-related quality of life was lower in the anxiety group (33 (+10) vs 51 (+10)). No
major differences were found in social characteristics, vascular access, treatment modality,
residual diuresis, and the SF-12 physical component score, as described in Table 1.

Table 2 describes the prevalence and severity for each anxiety symptom in this cohort. The
most prevalent somatic anxiety symptoms were a) Faint, b) Dizzy/lightheaded, c) Unsteady,
d) Numbness/tingling. The most severe and prevalent Subjective or Cognitive anxiety
symptoms were a) Unable to relax, b) Fear of the worst happening and c) Nervousness.

Identifying symptom dimensions using factor analysis

Several pre-defined factor models were tested in the confirmatory factor analyses. Table 3
describes the fit of the dimensional models in this cohort. The Somatic-Cognitive model by
Beck et al. did not yield an adequate fit in this sample, with a low CFl and RMSEA and negative
or low factor loadings, especially for the somatic items. The models by Steer (Somatic-
Subjective) and Osman (Subjective-Autonomic- Neuromotor-Panic) provided a better fit
compared to the Beck model, with adequate factor loadings on all dimensions, however the
fit indices did not yield an adequate fit in this sample. In an iterative process, we tried to add
a general factor to the models, as suggested by several other studies on anxiety and
depression (1,2,27). Furthermore, we allowed for correlation between item 12 (Hands
trembling) and item 13 (Shaky) (19). These changes improved both the 2 and 4 factor model,
as shown in Table 3. Fig. 1 described the found dimensions in this cohort of dialysis patients,
including their factor loadings on the dimensions.
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Table 2: Prevalence and mean scores of BAl items in this cohort.”

Symptoms scored in the Beck Anxiety Inventory, % of patients with this Mean (SD)
listed by decreasing prevalence symptom
(marker for prevalence)  (marker for severity)

Somatic dimension?

Faint 55% 0.78 (0.86)
Dizzy or lightheaded 54% 0.78 (0.90)
Unsteady 53% 0.79 (0.92)
Numbness or tingling 49% 0.78 (0.96)
Wobbliness in legs 40% 0.63 (0.89)
Heart pounding or racing 40% 0.59 (0.81)
Feeling hot 37% 0.53(0.81)
Indigestion or discomfort abdomen 35% 0.52(0.83)
Hands trembling 34% 0.48 (0.77)
Difficulty breathing 31% 0.40 (0.67)
Shaky 30% 0.40 (0.70)
Face flushed 25% 0.34(0.67)
Sweating (not due to heat) 25% 0.40 (0.78)
Feelings of choking 17% 0.25 (0.64)

Subjective dimension®

Nervous 43% 0.59 (0.81)
Unable to relax 41% 0.61 (0.88)
Fear of the worst happening 40% 0.64 (0.92)
Fear of losing control 29% 0.42 (0.76)
Scared 27% 0.40 (0.77)
Fear of dying 25% 0.41 (0.82)
Terrified 20% 0.31(0.72)

Presence of symptoms are scored as yes when the score > 1 (including mild, moderate, and severe).
2 According to the Steer model of Somatic-Subjective symptoms for the BAI (13).
b Jtems that are part of the cognitive dimension in the Beck model (11).

The General-Somatic-Subjective model showed a good model fit (CFl = 0.962, RMSEA = 0.043,
Table 3). The factor loadings on the Somatic items however, were low, especially compared
to the General and Subjective items on the BAI, as shown in Supplementary table S1. This
indicates that the somatic dimension did not show a good correlation between the items. The
4-factor model (Subjective-Autonomic-Neurophysical-Panic) also showed a good model fit
after the iterative process (CFl = 0.965, RMSEA = 0.042, Table 3). Furthermore, this model did
show adequate to good factor loadings on the Somatic dimensions (Autonomic,
Neurophysical, Panic), indicating that this model performs better compared to the Somatic-
Subjective model. The process for obtaining these models can be found in the R code provided
in Supplementary file S2. In conclusion, we consider that the best fitting factor model for this
cohort of chronic dialysis patients included a General dimension (with all BAI items), a
Subjective anxiety dimension and a Somatic anxiety dimensions which can be further divided
into an Autonomic, Neurophysiologic and Panic symptom dimension. The symptom
dimensions did not show major differences between incident and prevalent dialysis patients.
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Table 3: Performance of dimension models of the BAl in the DIVERS cohort.

Dimension models:

CFI (robust) RMSEA

(robust)
Somatic-Cognitive (Beck 1988) 0.762 0.102
Somatic-Subjective (Steer 1993) 0.859 0.078
Subjective-Autonomic-Neuromotor-Panic (Osman 1993) 0.900 0.067
Adjustments after the iterative process
General-Somatic-Subjective® (Steer 1993 + general factor) 0.962 0.043
Subjective-Autonomic-Neuromotor-Panic (Osman 1993 + general factor) 0.965 0.042

CFl 2 0.90 indicates adequate (or okay) fit and CFI > 0.95 indicates good fit (37). Root Mean Square Error of
Approximation (RMSEA) < 0.06 is considered to demonstrate good fit (38). The R-code for the factor analyses
and the iterative process can be found in the Supplementary file S2.
2 The somatic items on this model showed relatively low factor loadings, indicating that the somatic factor does
not fit good. The factor loadings on the 4-factor model did show good factor loadings, as shown in Fig. 1.

Figure 1: Dimensional structure of the BAl in this cohort of dialysis patients.
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model. Item 12 and 13 are allowed to correlate. All items were allowed to correlate with the General factor
(including all 21 items), of which the factor loadings are shown on the left of the items of the BAI.
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Relation between symptom dimensions of anxiety and adverse clinical outcomes

After the identification of the symptom dimensions of anxiety, we assessed which dimensions
were the most important risk factors for adverse clinical outcomes. Table 4 describes the
association between symptom dimensions of anxiety, all-cause mortality, hospitalization rate
and health related quality of life. During follow-up, 172 deaths occurred with the following
causes: cardiovascular n = 52, infectious n = 32, Cancer n = 13, dialysis withdrawal n = 15, and
other n =57 (missing cause of death n = 3).

Survival analyses showed that the Somatic anxiety symptoms, and not the Subjective anxiety
symptoms, were associated with all-cause mortality, with a HR of 1.65 (1.15-2.37) p = .007,
Table 4). Fig. 2 visualizes this increased mortality risk separately for the Somatic anxiety
dimension and the Subjective anxiety dimension, using the Kaplan Meier Survival method.
Analyses on the hospitalization rate showed the same trend, where only Somatic anxiety
symptoms were associated with an increased risk of hospitalization (RR of 1.56 (1.32-1.85), p
<.001, Table 4)). Supplementary table S3 describes the association between the Autonomic,
Neurophysiologic and Panic dimensions and clinical outcome, which indicate that especially
Neurophysiologic and Panic symptoms were associated with both mortality and
hospitalization, while Autonomic symptoms were not. The Subjective symptom dimension did
not show an association with both all-cause mortality and hospitalization rate, with Hazard
and Rate Ratio's close to 1. Sensitivity analyses using continuous predictor variables showed
similar results on mortality and Quality of Life, as shown in supplementary table S4. However,
in contrast to the results in Table 4, the association between the continuous variable of the
subjective score did show an association with hospitalization, suggesting there is no
differential association between Somatic and Subjective dimensions with hospitalization.

Figure 2: Kaplan Meier survival plots for the somatic and subjective symptom dimension of the BAI.
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Table 4: Association between symptom dimensions of the BAl and Mortality, Hospitalization rate &

Quality of Life.

Sequential modeling

General BAl score
(BAI 2 16)

Somatic anxiety
dimension (25)

Subjective anxiety

dimension (22)

Mortality (HR + 95%Cl)
1. Univariable / Crude

2. + Age, Sex, Ethnicity
3. + Social characteristics

4. + Dialysis, comorbidity,
laboratory

5. + Physical component score SF-
12

Hospitalization (RR + 95%Cl)
1. Univariable/Crude

2. + Age, Sex, Ethnicity
3. + Social characteristics

4. + Dialysis, comorbidity,
laboratory

5. + Physical component score SF-
12

Quality of life (beta + 95%Cl)
1. Univariable/Crude

2. + Age, Sex, Ethnicity
3. + Social characteristics

4. + Dialysis, comorbidity,
laboratory

1.38 (0.93-2.05)

p=.11

1.71 (1.14-2.56)
p =.010

1.74 (1.16-2.62)
p =.008

1.72 (1.08-2.74)
p=.02

1.55 (0.97-2.49)
p=.07

1.42 (1.18-1.72)
p <.001
1.36 (1.12-1.66)
p=.002
1.37 (1.12-1.68)
p=.002
1.45 (1.16-1.81)
p=.001
1.32 (1.05-1.66)
p=.017

-16.16 (-19.36—
12.97) p <.001
-16.80 (-20.07—
13.52) p <.001
-16.65 (~20.00—
13.00) p < .001
-15.85 (-19.49—
12.20) p < .001

1.65 (1.15-2.37)
p =.007
1.87 (1.29-2.71)
p=.001
1.94 (1.33-2.82)
p=.001
1.73 (1.13-2.66)
p=.013

1.57 (1.00-2.46) p =

.049

1.73 (1.45-2.06)
p<.001
1.71 (1.43-2.05)
p <.001
1.76 (1.46-2.11)
p <.001
1.53 (1.25-1.88)
p <.001
1.40 (1.13-1.72)
p =.002

-15.67 (-18.20—
13.14) p < .001
-16.16 (-18.77—
13.55) p <.001
-15.86 (-18.52—
13.19) p <.001
-14.84 (-17.81—
11.87) p <.001

0.89 (0.63-1.25)
p=.50
1.08 (0.76-1.53)
p=.68
1.12 (0.79-1.60)
p=.52
1.00 (0.67-1.50)
p>.99
0.92 (0.61-1.38)
p=.68

1.07 (0.91-1.26)

p=.39
1.04 (0.88-1.23)
p=.65
1.05 (0.88-1.25)
p=.59
1.06 (0.88-1.29)
p=.55

1.00 (0.82-1.22)
p>.99

-13.60 (-16.12—
11.08) p <.001
-14.46 (-17.06—
11.85) p <.001
-14.61 (-17.26—
11.95) p <.001
-14.25 (-17.13—
11.37) p<.00

Stepwise sequential modeling approach to investigate the associations of depressive symptoms with adverse

clinical outcomes using cut-off values.

The median value is used for the cognitive and somatic scores and BAI > 16 for the general score.
Social characteristics include: Children, Paid Job, Education, Married.
Dialysis characteristics include: Dialysis vintage, dialysis modality (HD vs PD), Incident or Prevalent, DAVIES

comorbidity (0-7).

Laboratory measures include: Hemoglobin, Albumin, Kt/V, Calcium.
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Demographic and social characteristics did not influence the association between somatic
anxiety symptoms, mortality and hospitalization. Further, the association did not show major
differences when a large variety of somatic and clinical variables are added to the model,
including dialysis vintage, dialysis modality (HD vs PD), incident or prevalent, DAVIES
comorbidity (0-7), Hemoglobin, Albumin, Kt/V, and Calcium. This indicates that the
association between Somatic anxiety symptoms and mortality seems to be independent of
sociodemographic variables and the severity of somatic disease and comorbidity. In the final
model, the physical component score from the SF-12 Quality of Life questionnaire is added.
This shows a slight decrease in HR from 1.65 to 1.57 with a large overlap in confidence intervals
(Table 4), which indicates that the associations remain largely unchanged after including a
subjective variable for somatic comorbidity.

The total BAI score showed associations with both mortality and hospitalization, with similar
effect sizes compared to the Somatic symptom dimension, indicating that this association is
probably due to the Somatic items with no additive effect of high Subjective items.
Supplementary table S5 shows the same results were there is no additive effect on clinical
outcome when both Somatic and Subjective symptoms are elevated.

All symptom dimensions, including the subjective anxiety dimension, were associated with a
substantial decrease in Quality of Life scores, both in the crude models as in the multivariable
models, indicating that all anxiety symptom dimensions seem to be relevant to Quality of Life.

Discussion

The first aim of this study was to identify symptom dimensions or clusters of anxiety in dialysis
patients using the BAI. In this sample we found evidence for a Subjective, and Somatic anxiety
dimension, besides the total score (General dimension). The Somatic anxiety dimension
included an Autonomic, Neurophysiologic and Panic dimension. The second aim was to
determine the association between these symptom dimensions and adverse clinical
outcomes. We found that Somatic anxiety symptoms showed a clear association with
hospitalization rate and all-cause mortality, in contrast to Subjective anxiety symptoms. These
associations were independent from a large set of sociodemographic, laboratory and
comorbidity variables. All dimensions of anxiety showed a clear association with Quality of
Life in this cohort.

Identifying symptom dimensions

Comparing our results with the available evidence is difficult due to the scarcity of studies on
anxiety symptoms in dialysis patients. Most studies available on mental health symptoms or
distress focused on depression, and not on anxiety. One of the few studies available on anxiety
dimensions by Chilcot et al. did a factor analysis on the combined scales of both depressive
and anxiety symptoms (measured with the PHQ and GAD-7). They found evidence for a
general distress factor and to a lesser extent a ‘general’ anxiety factor (the total GAD-7 score).
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(2) Despite the relevant data from this study, they did not investigate specific dimensions of
anxiety itself, probably limited due to the 7-item GAD questionnaire, compared to the 21-item
BAI questionnaire used in the present study. Due to the paucity of data on factor analysis in
dialysis patients we compared our results to studies on other somatic, psychiatric or general
population cohorts. Studies on other (older) somatically ill patient groups are likely to
resemble the dialysis cohort and give us an indication for the performance of the models.
Studies in cardiology patients or elderly medical patients showed a comparable performance
of the 4-factor model, thus supporting our results. Future studies in dialysis patients are
needed to confirm these results in the appropriate patient cohorts.

Association with adverse clinical outcomes

To the best of our knowledge there are no studies that investigated the association between
symptom dimensions of anxiety and adverse outcomes in dialysis patients, therefore limiting
our ability to verify that our results are generalizable. There is however, some data on
dimensions of depression and their association with adverse outcomes which supports the
results on the differential association between Somatic and Cognitive depressive symptoms
and adverse outcomes (1). A study in the same cohort as the present study showed that only
the Somatic symptom dimension of depression was associated with allcause mortality, in
contrast to the Cognitive symptom dimension of depression (1). Similar results were found in
a comparable study in patients with heart disease by de Jonge et al. (27)

In the present study, we could not find a somatic marker that could explain or mediate the
association between somatic anxiety symptoms and adverse clinical outcomes (hospitalization
and mortality), suggesting that there is an independent association between anxiety
symptoms and mortality. However, the association between anxiety symptoms and adverse
outcomes, such as mortality, is multifactorial and complex. Therefore, it is difficult to fully
capture possible confounding or common causes to isolate the stand-alone effect of anxiety
on outcome. Studies have shown there is an overlap between somatic symptoms from end-
stage renal disease and psychiatric symptoms, such as those of depression and anxiety, which
suggest an underlying common pathway (5,28). Furthermore, the possible pathophysiological
pathways between psychiatric symptoms and clinical outcomes might provide better insight
and give suggestions for future treatments. Studies on depressive symptoms for example have
suggested possible parallel inflammatory or hypothalamic-pituitary-adrenal axis pathways.

Regardless of the complex interplay, the results of this and other studies emphasize the impact
of anxiety symptoms on dialysis patients, suggesting a holistic approach with adequate
screening and treatment of these symptoms (3,18). In the development of clinical guidelines,
it is important to gain insight in the type of symptoms that are reported and possible clusters
of symptoms. The associations with adverse clinical outcomes, independent of somatic
variables, highlights the clinical relevance of anxiety symptoms for patients, caregivers and
policy makers. Future research should focus on both 1) the possible pathophysiological
mechanisms involved in the pathway between anxiety and clinical outcome and 2) on the
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investigation of effective treatments for these type of symptoms in relation to clinical
outcomes. Moreover, data from this study can help Value Based Health Care (VBHC) initiatives
with the development of Patient Reported Outcomes Measures (PROM).

Strengths and limitations

The results of this study need to be interpreted with possible limitations in mind. First, the
complex interplay between anxiety, somatic disease and clinical outcome cannot be fully
captured in variables, thus allowing for unmeasured confounding. To minimize this, we used
a relatively large amount of variables on somatic markers compared to existing literature,
including laboratory markers, dialysis efficiency and vintage, and comorbidity-scores. Second,
this study uses self-reported questionnaires on anxiety and not a definitive diagnosis by a
psychiatrist. At the same time this underscores the need to explore anxiety symptoms instead
regardless of a clinical diagnoses of anxiety disorders. Third, there is a paucity in the data on
validation of anxiety measures in dialysis patients, and although the BAI lacks validation in this
patient group, it is one of the most accepted tools internationally to measure anxiety in clinical
populations. (19,21,29,30) Fourth, this study uses a cohort with a high percentage of
immigrant patients, which can both promote and limit the generalizability of our results. Fifth,
the BAI has been criticized because of its predominant focus on physical symptoms of anxiety
which are most akin to a panic disorders / response (11,29,31). The BAI however, showed a
good ability to indicate the severity of anxiety symptoms in a variety of different cohorts (32).
Furthermore, the Somatic symptoms are also the most prevalent in dialysis patients and seem
to be clinically relevant in relation to subjective and objective clinical outcomes, independent
of somatic comorbidity.

Conclusion

Anxiety symptoms are highly prevalent in dialysis patients and show associations with
decreased quality of life and an increased hospitalization and mortality rate. Results from this
study suggest that both Subjective and Somatic dimensions can be used to provide insight in
these symptoms in relation to outcomes. The Somatic anxiety dimension includes Autonomic,
Neurophysiologic and Panic dimensions. Data shows that only the Somatic symptom
dimensions are associated with hospitalization and mortality, independent of somatic
comorbidity. Our results underscore the need for common screening practices for mental
health, including anxiety, in dialysis patients. Moreover, these dimensions could aid in
understanding the pathways between mental health and hospitalization and mortality in
dialysis patients.
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Supplementary tables and files

Dimensions of anxiety symptoms

Supplementary table S1. Standardized factor loadings from the CFA of General-Somatic-Subjective

model of the BAI

Depressive symptoms from BAI Factor 1 Factor 2 Factor 3
(general) (somatic) (subjective)

Numbness or tingling 0.499 0.227
Feeling hot 0.608 -0.268
Wobbliness in legs 0.538 0.329
Unable to relax 0.556 0.228
Fear of the worst happening 0.499 0.576
Dizzy or lightheaded 0.577 0.240
Heart pounding or racing 0.580 -0.040
Unsteady 0.554 0.468
Terrified 0.518 0.599
Nervous 0.567 0.338
Feelings of choking 0.551 0.154
Hands trembling 0.549 0.235
Shaky 0.593 0.260
Fear of losing control 0.529 0.470
Difficulty breathing 0.530 0.111
Fear of dying 0.325 0.604
Scared 0.451 0.761
Indigestion or discomfort abdomen 0.569 0.189
Faint 0.562 0.320
Face flushed 0.700 -0.229
Sweating (not due to heat) 0.614 -0.321

Factor loadings <.30 are low. >0.30 are acceptable. Factor loadings 20.50 are moderate/good.
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Supplementary file S2: R code for the factor analysis and iterative process

# R code by Wouter van Ballegooijen and Robbert Schouten
# CFA of BAl on sample of dialysis patients

#install packages.
install.packages("lavaan")
install.packages("qgraph")

#libraries.
library(lavaan)
library(ggraph)

# Import SPSS
library(haven)
library(lavaan)

# Set working directory.
setwd()

# Load data

library(haven)

D <- read_sav("C:/Users/robbe/Google Drive/Promotie/Manuscripten/Dimensions anxiety/Anxiety
dimensions/SF12 BDI BAI for factor analysis v1-5-2019.sav")

#### Performing the confirmatory factor analyses

# The 2-factor model by Beck et al. (1988).

Beck2Factor <-

'Somatic=~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + MO_BAI_12
+

MO_BAI_13 + MO_BAI_17 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Cognitive =~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 +
MO_BAI_15 + MO_BAI_16 + MO_BAI_18'

# The 2-factor model by Steer et al. (1993).

Steer2Factor <-

'Somatic="~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + MO_BAI_11
+MO_BAI_12 +

MO_BAI_13 + MO_BAI_15 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Subjective =~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_14 + MO_BAI_16 +
MO_BAI_17

# The 4-factor model by Osman et al. (1993).

Osman4Factor<-

'Subjective=~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_14 + MO_BAI_16 +
MO_BAI_17

Autonomic="~ MO_BAI_2 + MO_BAI_18 + MO_BAI_20 + MO_BAI_21

Neuromotor=~MO0_BAI_1 + MO_BAI_3 + MO_BAI_6 + MO_BAI_8 + MO_BAI_12 + MO_BAI_13 +
MO_BAI_19

Panic=~ MO_BAI_7 + MO_BAI_11 + MO_BAI_15'
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#it#Ht Starting iterative process using the Steer2Factor model (best factor loadings and only 2 factors).

# Taking Steer2Factor model, changing item 11 to subjective due to the translation to Dutch, this
item is more subjective than somatic.

Steer2FactorAdjust <-

'Somatic=~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + MO_BAI_12
+

MO_BAI_13 + MO_BAI_15 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Subjective =~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 +
MO_BAI_16 + MO_BAI_17'

# Allowing 12 and 13 to correlate (Trembling and Shaking).

Steer2FactorAdjust2 <-

'Somatic=~ MO_BAI_1+ MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + M0_BAI_12
+

MO_BAI_13 + MO_BAI_15 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Subjective =~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 +
MO_BAI_16 + MO_BAI_17
MO_BAI_12 ~~ MO_BAI_13'

# Adding a general factor to Steer2FactorAdjust2.

Steer2FactorAdjust3 <-

'Somatic=~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + MO_BAI_12
+

MO_BAI_13 + MO_BAI_15 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + M0_BAI_21

Subjective =~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 +
MO_BAI_16 + MO_BAI_17

Overall =~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI_7 +
MO_BAI_8 +

MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 + MO_BAI_15 +
MO_BAI_16 +

MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Overall ~~ 0*Somatic

Overall ~~ 0*Subjective

MO_BAI_12 ~~ M0_BAI_13'

# Items 2,20 and 21 are highly correlated, measure the same thing? Thus adding a 'hot' factor
Steer2FactorAdjust3.

Steer2FactorAdjust4 <-

'Somatic=~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_6 + MO_BAI_7 + MO_BAI_8 + MO_BAI_12
+

MO_BAI_13 + MO_BAI_15 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Subjective =~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 +
MO_BAI_16 + MO_BAI_17

Overall =~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI_7 +
MO_BAI_8+

MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 + MO_BAI_15 +
MO_BAI_16 +

MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Hot =~ MO_BAI_2 + MO_BAI_20 + MO_BAI_21

Overall ~~ 0*Subjective
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Overall ~~ 0*Hot
Overall ~~ 0*Somatic
MO_BAI_12 ~~ MO_BAI_13'

# Removing the Somatic factor due to relatively low factor loadings using Steer2FactorAdjust4.
Steer2FactorAdjust5 <-

'Subjective =~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_14 +
MO_BAI_16 + MO_BAI_17

Overall =~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAl_7 +
MO_BAI_8 +

MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 + MO_BAI_15 +
MO_BAI_16 +

MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Hot =~ MO_BAI_2 + MO_BAI_20 + MO_BAI_21

Overall ~~ 0*Subjective

Overall ~~ 0*Hot

MO_BAI_12 ~~ MO_BAI_13'

# 12 and 13 correlating (Wetherell?)

Osman4FactorAdjust<-

'Subjective=~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_14 + MO_BAI_17
Autonomic=~ M0_BAI_2 + MO_BAI_18 + MO_BAI_20 + MO_BAI_21

Neuromotor=~ MO_BAI_1 + MO_BAI_3 + MO_BAI_6 + MO_BAI_8 + MO_BAI_12 + MO_BAI_13 +
MO_BAI_19

Panic=~ MO_BAI_7 + MO_BAI_11 + MO_BAI_15 + MO_BAI_16

MO_BAI_12 ~~ MO_BAI_13'

# Correlation 16 and 17 and 16 with subjective (According to steer)

Osman4FactorAdjust2<-

'Subjective=~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_14 + MO_BAI_16 +
MO_BAI_17

Autonomic=~ M0_BAI_2 + MO_BAI_18 + MO_BAI_20 + MO_BAI_21

Neuromotor=~ MO_BAI_1 + MO_BAI_3 + MO_BAI_6 + MO_BAI_8 + MO_BAI_12 + MO_BAI_13 +
MO_BAI_19

Panic="~ MO_BAI_7 + MO_BAI_11 + MO_BAI_15

MO_BAI_12 ~~ MO_BAI_13'

# adding general

Osman4FactorAdjust3<-

'Subjective=~ MO_BAI_4 + MO_BAI_5 + MO_BAI_9 + MO_BAI_10 + MO_BAI_14 + MO_BAI_16 +
MO_BAI_17 Autonomic=~ MO_BAI_2 + MO_BAI_18 + MO_BAI_20 + MO_BAI_21 Neuromotor="~
MO_BAI_1+ MO_BAI_3 + MO_BAI_6 + MO_BAI_8 + MO_BAI_12 + MO_BAI_13 + MO_BAI_19
Panic=~ MO_BAI_7 + MO_BAI_11 + MO_BAI_15

Overall =~ MO_BAI_1 + MO_BAI_2 + MO_BAI_3 + MO_BAI_4 + MO_BAI_5 + MO_BAI_6 + MO_BAI 7 +
MO_BAI_8 +

MO_BAI_9 + MO_BAI_10 + MO_BAI_11 + MO_BAI_12 + MO_BAI_13 + MO_BAI_14 + MO_BAI_15 +
MO_BAI_16 +

MO_BAI_17 + MO_BAI_18 + MO_BAI_19 + MO_BAI_20 + MO_BAI_21

Overall ~~ 0*Subjective

Overall ~~ 0*Autonomic

Overall ~~ 0*Neuromotor

Overall ~~ 0*Panic
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MO_BAI_12 ~~ MO_BAI_13'

#i### Fitting the models using robust maximum likelihood estimation, because of missing responses
in the dataset.

fitl <- cfa(Beck2Factor, estimator = "MLR", data = D, missing="fiml|")
summary(fitl, fit. measures = TRUE, standardized = TRUE)
modindices(fitl, sort=TRUE)

fit2 <- cfa(Osman4Factor, estimator = "MLR", data = D, missing="fiml")
summary(fit2, fit. measures = TRUE, standardized = TRUE)
modindices(fit2, sort=TRUE)

fit3 <- cfa(Steer2Factor, estimator = "MLR", data = D, missing="fiml|")
summary(fit3, fit.measures = TRUE, standardized = TRUE)
modindices(fit3, sort=TRUE)

fit4 <- cfa(Steer2FactorAdjust, estimator = "MLR", data = D, missing="fim|")
summary(fit4, fit. measures = TRUE, standardized = TRUE)
modindices(fit4, sort=TRUE)

fit4 <- cfa(Steer2FactorAdjust2, estimator = "MLR", data = D, missing="fiml|")
summary(fit4, fit. measures = TRUE, standardized = TRUE)
modindices(fit4, sort=TRUE)

fit5 <- cfa(Steer2FactorAdjust3, estimator = "MLR", data = D, missing="fim|")
summary(fit5, fit. measures = TRUE, standardized = TRUE)
modindices(fit5, sort=TRUE)

fit6 <- cfa(Steer2FactorAdjust4, estimator = "MLR", data = D, missing="fiml")
summary(fit6, fit.measures = TRUE, standardized = TRUE)
modindices(fit6, sort=TRUE)

fit7 <- cfa(Steer2FactorAdjust5, estimator = "MLR", data = D, missing="fiml")
summary(fit7, fit.measures = TRUE, standardized = TRUE)
modindices(fit7, sort=TRUE)

fit8 <- cfa(Osman4FactorAdjust, estimator = "MLR", data = D, missing="fiml")
summary(fit8, fit. measures = TRUE, standardized = TRUE)
modindices(fit8, sort=TRUE)

fit9 <- cfa(Osmand4FactorAdjust2, estimator = "MLR", data = D, missing="fiml")
summary(fit9, fit. measures = TRUE, standardized = TRUE)
modindices(fit9, sort=TRUE)

fit10 <- cfa(Osman4FactorAdjust3, estimator = "MLR", data = D, missing="fiml")

summary(fit10, fit.measures = TRUE, standardized = TRUE)
modindices(fit10, sort=TRUE)
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Supplementary table S3. Associations between symptom dimensions of the BAl and Mortality,
Hospitalization rate & Quality of Life

Sequential modelling Autonomic Neurophysiologic  Panic Subjective

Mortality

(HR + 95%Cl)

1. Univariable / Crude 1.05 (0.75-1.47) 1.48 (1.05-2.08) 1.45 (1.04-2.04) 0.89 (0.63-1.25)
p=0.786 p=0.024 p=0.031 p=0.500

4. + Dialysis, comorbidity, 1.20(0.80-1.81) 1.43(0.97-2.12) 1.75 (1.18-2.60) 1.00 (0.67-1.50)

laboratory p=0.377 p=0.075 p=0.006 p=0.998

Hospitalization

(RR + 95%Cl)

1. Univariable / Crude 1.24 (1.05-1.45) 1.71 (1.45-2.02) 1.37 (1.17-1.62) 1.07 (0.91-1.26)
p=0.009 p<0.001 p<0.001 p=0.386

4. + Dialysis, comorbidity,  1.18 (0.97-1.42) 1.52 (1.25-1.84) 1.36 (1.12-1.64) 1.06 (0.88-1.29)

laboratory p=0.093 p<0.001 p=0.002 p=0.545

Stepwise sequential modeling approach to investigate the associations of depressive symptoms with adverse
clinical outcomes using cut-off values.
The median value is used for the cognitive and somatic scores and BAI>16 for the general score.
Social characteristics include: Children, Paid Job, Education, Married
Dialysis characteristics include: Dialysis vintage, dialysis modality (HD vs PD), Incident or Prevalent, DAVIES

comorbidity (0-7)

Laboratory measures include: Hemoglobin, Albumin, Kt/V, Calcium

Supplementary table S4. Association between symptom dimensions of the BAl and adverse clinical
outcomes using continuous BAI scores

Sequential modelling

General BAI score

Somatic anxiety

Subjective anxiety

dimension dimension
Mortality (HR + 95%Cl) 1.018 (1.001-1.034)  1.032 (1.009-1.056) 0.993 (0.954-1.035)
p=0.034 p=0.006 p=0.751
Hospitalization (RR + 1.021(1.013-1.028)  1.032 (1.021-1.043) 1.030 (1.012-1.047)
95%Cl) p<0.001 p<0.001 p<0.001
Quality of Life (beta + -.864 (-.987--.740) -1.211 (-1.390--1.032) -1.532 (-1.827--1.238)
95%Cl) p<0.001 p<0.001 p<0.001
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Supplementary table S5. Interactions between symptom dimensions and their association with

Mortality & Hospitalization

Sequential modelling J Somatic
J Subjective

J Somatic
1 Subjective

1 Somatic
J Subjective

 Somatic
/ Subjective

Mortality (HR + 95%Cl)

1. Univariable / Crude 1.0 (reference)
4. + Dialysis, comorbidity, 1.0 (reference)
laboratory

Hospitalization (RR + 95%Cl)

1. Univariable / Crude 1.0 (reference)
4. + Dialysis, comorbidity, 1.0 (reference)
laboratory

0.59 (0.25-1.39)
p=0.229
0.54 (0.16-1.79)
p=0.312

0.87 (0.59-1.26)
p=0.866
0.90 (0.59-1.39)
p=0.640

1.64 (1.01-2.65)
p=0.046

1.71 (0.99-3.0)
p=0.053

1.77 (1.40-2.23)
p<0.001
1.52 (1.17-1.99)
p=0.002

1.39(0.91-2.14)
p=0.132
1.49 (0.90-2.47)
p=0.122

1.63 (1.33-2.01)
p<0.001
1.47 (1.16-1.87)
p=0.001

Stepwise sequential modeling approach to investigate the associations of depressive symptoms with adverse

clinical outcomes using cut-off values.

The median value is used for the cognitive and somatic scores and BAI>16 for the general score.
Social characteristics include: Children, Paid Job, Education, Married
Dialysis characteristics include: Dialysis vintage, dialysis modality (HD vs PD), Incident or Prevalent, DAVIES

comorbidity (0-7)

Laboratory measures include: Hemoglobin, Albumin, Kt/V, Calcium
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Abstract

Objective: Differences in symptom burden, treatment satisfaction and autonomy between
peritoneal dialysis (PD) and hemodialysis (HD) patients could be reflected by a difference in
symptom dimensions of anxiety and depression. The aim of this study is to assess differences
in prevalence and symptom dimensions of anxiety and depression between PD and HD
patients.

Methods: Baseline data from the Depression Related Factors and Outcomes in Dialysis
Patients With Various Ethnicities and Races Study (DIVERS) were used. Symptoms of anxiety
and depression were measured with the Beck Anxiety Inventory (BAl) and Beck Depression
Inventory — second edition (BDI-Il). Linear and logistic regression models were used to
compare BAl and BDI-Il total scores and somatic and subjective/cognitive symptom dimension
scores between PD and HD patients, adjusted for potential confounders.

Results: In total, 84 PD and 601 HD patients were included. Clinically significant symptoms of
anxiety and depression were present in respectively 22% and 43% of the patients, with no
differences between dialysis modality. Both modalities scored high on the somatic symptom
dimensions and on individual somatic items of the BAl and BDI-Il. Almost all patients reported
symptoms related to loss of energy and sleep.

Conclusions: No differences in symptom dimensions of anxiety and depression were found
between PD and HD patients. The high prevalence of somatic symptom dimensions in both
groups underscores the possible interaction between somatic and psychiatric symptoms in
dialysis patients, and the need for early recognition and treatment of symptoms of anxiety
and depression regardless of treatment modalities.
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Introduction

In the dialysis population, symptoms of anxiety and depression are highly common with a
prevalence range of 27% to 53% for anxiety and 29% to 42% for depression.(1-3) These
symptoms are associated with impaired quality of life, treatment non-adherence and adverse
clinical outcomes such as hospitalization and mortality.(3-7) Despite the high burden and
negative consequences, symptoms of anxiety and depression in dialysis patients are often not
recognized and treated.(8, 9) Several factors have been associated with anxiety and
depression, including physiological, psychological and dialysis-related factors.(10) However,
the impact of dialysis modality on symptoms of anxiety and depression remains unclear.(10,
11)

In general, peritoneal dialysis (PD) patients report lower burden of kidney disease, are more
satisfied with treatment, have greater opportunities for control and autonomy and report that
dialysis has less impact on daily life than hemodialysis (HD) patients.(7, 12) On the other hand,
PD patients experience a greater burden of daily commitment compared to the intermittent
nature of HD.(11, 13) The choice for either treatment modality is influenced by comorbidities,
such as the ability to tolerate volume shifts related to cardiac condition, socioeconomic
factors, such as the home situation of the patient, and patient’s preferences.(14) Despite
these differences, quality of life is found to be comparable between PD and HD patients.(7,
11, 13) Studies comparing PD and HD patients on symptoms of anxiety are scarce, with one
study finding higher anxiety scores in HD patients,(13) and one study finding comparable rates
of anxiety in HD and PD patients.(11) A recent meta-analysis found that there was limited and
deficient quality evidence on the association between dialysis modalities and depression for
any conclusions to be made.(15) However, depressive symptoms in PD patients are associated
with an increased risk of peritonitis and technique failure.(16, 17)

Symptoms of anxiety and depression can overlap with each other and with symptoms of
chronic renal failure and dialysis therapy itself.(3) The complex interplay between biological,
psychological and social factors makes it difficult to isolate psychiatric symptoms from
symptoms of the somatic disease and dialysis.(18) The difference in symptom burden,
treatment satisfaction and autonomy between PD and HD patients could be reflected by a
difference in symptom dimensions and symptom profile of anxiety and depression between
these modalities. Constructs of symptom dimensions that are described in the literature are a
somatic and subjective symptom dimension for anxiety and a somatic and cognitive symptom
dimension for depression.(19-22). More insight in the differences of anxiety and depression
between dialysis modalities on a symptom dimension and individual symptom level may lead
to better understanding of various clinical presentations of these common psychiatric
symptoms in specific subgroups and may enhance personalized care in dialysis patients.
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The aim of this study is to assess the differences in prevalence, somatic and
subjective/cognitive symptom dimensions and individual symptoms of anxiety and depression
between PD and HD patients.

Methods
Study design

Baseline data was used from the Depression-In-Various-Ethnicities-and-Races-Study (DIVERS).
This multicenter observational prospective cohort study included prevalent and incident
patients receiving maintenance HD or PD in 10 Dutch dialysis centers from June 2012 till
September 2016. Patients were included if they were above 18 years old and received dialysis
treatment for at least 90 days. Patients were excluded if they were unable to fill in the
questionnaire due to impaired cognitive skills or language restrictions. The questionnaires
were available in Dutch, English, Turkish and Arabic to improve generalizability. Written
informed consent was obtained from all participants before inclusion. The study complies with
the rules of the Declaration of Helsinki and was approved by the medical ethics committee of
the VU University Medical Center (approval number: 2010/064).

Demographic and clinical characteristics

Demographic and clinical characteristics were collected from electronic patient files and
through self-reported questionnaires. Immigrant status was defined by using the country of
birth of both the patient and biological parents. Davies comorbidity index was used to define
the level of comorbidities, which is based on the presence or absence of seven comorbid
conditions, divided in three groups; low, moderate or high comorbidity.(23) The primary cause
of kidney disease was classified according to the ERA-EDTA coding system (European Renal
Association European Dialysis and Transplant Association) and divided into four groups; renal
vascular disease, diabetes nephropathy, glomerulonephritis and other.

Anxiety and depression

Symptoms of anxiety were measured with the Beck Anxiety Inventory (BAI) and symptoms of
depression were measured with the Beck Depression Inventory — second edition (BDI-1).(24,
25) Both questionnaires consist of 21 items which rate the severity of common somatic and
cognitive symptoms of anxiety and depression from 0 (not at all) to 3 (severely), with a
maximum score of 63 and a higher score indicating more severe anxiety or depression. The
BAI has been validated in a large variety of cohorts, including somatically ill patients. A cutoff
value of 1 16 for the BAI was used based on the manual by Beck and Steer, indicating clinically
relevant anxiety. The BDI-Il has been widely used in dialysis patients and a cut-off value of
13, as validated in dialysis patients, was used for clinically relevant depression.(26)

Symptom dimensions
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There are several constructs of factorial structure or symptom dimensions of the BAl and BDI-
Il described in the literature in different patient populations.(19-21, 27) However, literature
from the dialysis population is scarce.(22) Recently, our study group identified a somatic and
subjective dimension for anxiety (measured with the BAI) and a somatic and cognitive
dimension for depression (measured with the BDI-Il in the DIVERS cohort.(28, 29) These
identified constructs were used to determine differences in symptom dimensions between PD
and HD patients in the present study.

Statistical Analysis

Standard descriptive statistics were used to present baseline characteristics. Mean differences
(MD) in continuous BAI and BDI-II total scores and of symptom dimension scores between PD
and HD patients at baseline were analyzed with linear regression models. Multivariable
analysis was performed sequentially to adjust for potential confounding. The first step
included age, sex and ethnicity, the second step included marital state, having children and
current employment and the final step included the Davies comorbidity index. Logistic
regression models were used to compare the percentage of patients scoring above the
predefined cutoff scores for clinically relevant anxiety and depression and the percentages of
patients scoring 1 or higher on the different symptom dimensions between PD and HD
patients. The prevalence and mean scores of individual BAl and BDI-II items were calculated
for PD and HD patients separately.

Missing data

Participants had the option to take part in a non-questionnaire part of the study. These
patients gave consent for extracting information from their electronic patient file only without
filling out self-reported questionnaires. By collecting characteristics of patients who otherwise
would have been excluded, we aimed to maximize generalizability. To avoid bias, missing BAI
and BDI-Il items were imputed by using multiple imputation techniques (10 repetitions).
Complete case sensitivity analysis was performed on questionnaires with no missing items. All
statistical analysis were performed using SPSS for Windows, version 26 (IBM Corp).

Results

Baseline Characteristics

A total of 685 dialysis patients were included of which 84 received PD and 601 received HD
therapy. Baseline characteristics for all patients and stratified by dialysis modality are
presented in Table 1. Mean age in the total cohort was 64 + 15 years, 62% of patients were
men and 48% of patients were immigrants. The cohort consisted of 253 (37%) incident dialysis
patients and 433 (63%) prevalent patients who had a median dialysis vintage of 13 months
(interquartile range [IQR] = 4-47). Patients receiving HD had a higher prevalence in diabetes
(43% versus 35%) and more often a high Davies comorbidity score (19% versus 9%) compared
to patients receiving PD. PD patients had a higher percentage of employment (20 vs 10%), had
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more often residual diuresis (88 versus 69%) and were more often on the waiting list for
transplantation (42 versus 28%) compared to HD patients. No major differences were found
in age, gender, social characteristics, primary cause of kidney disease, prevalence of
cardiovascular disease or previous psychiatric care for depression.

Anxiety and depression

Mean score of the BAI for all patients was 10.8 (standard deviation (SD) 9.9) with a crude mean
difference of 0.2 (95% confidence interval (Cl) = -2.4; 2.9) between PD and HD patients (Table
2). Overall, 159 patients (23%) had clinically significant anxiety symptoms (BAl score > 16). In
the PD group, 19% scored above 16 on the BAl and in the HD group 24% (crude odds ratio (OR)
=0.7,95%Cl = 0.4; 1.4).

Mean BDI-Il score of all patients was 12.9 (SD 9.6), crude mean difference between PD and HD
patients was 0.1 (95%Cl = -2.5; 2.6). In the total cohort, 282 patients (41%) had clinically
significant depressive symptoms (BDI-Il score > 13)(Table 2). Of PD patients, 44% scored above
13 on the BDI-II, for HD patients this was 41% (crude OR=1.2, 95%Cl = 0.7; 2.0).

When confounders were stepwise introduced into the model for the BAIl and BDI-Il both as
continuous scores as well as using the predefined cutoff scores, only minor changes were seen
in the regression coefficients and the odds ratios (Table 2). No clinically or statistically
significant differences were found in the prevalence and severity of anxiety and depression
between PD and HD patients.
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Table 1. Baseline characteristics

Symptom dimensions in PD vs HD

Characteristic All patients PD HD
(n=685) (n=84) (n=601)
Demographic
Age, years 64 £15 64+14 65+ 16
Male sex 424 (62%) 53 (63%) 370 (62%)
Immigrant* 300 (48%) 33 (46%) 267 (48%)
Country of birth
European 366 (58%) 42 (58%) 324 (58%)
Sub-Saharan Africa 22 (4%) 0 (0%) 22 (4%)
Northern Africa/Western Africa 54 (9%) 4 (6%) 50 (9%)
Southern Asia/Western Asia 57 (9%) 11 (15%) 46 (8%)
South America/Caribbean 131 (21%) 15 (21%) 116 (21%)
Social
Married 316 (52%) 40 (56%) 276 (52%)
Has Children 474 (78%) 56 (78%) 418 (78%)
Low formal education** 220 (36%) 22 (31%) 198 (37%)
Not employed 534 (89%) 57 (80%) 477 (90%)
Renal and dialysis
Incident dialysis patients*** 253 (37%) 27 (32%) 225 (37%)
Vintage of prevalent group, months 13[4 - 47] 10 [5-35] 14 [4-47]
Primary kidney disease
Renal vascular disease 163 (26%) 18 (25%) 145 (26%)
Diabetic nephropathy 155 (24%) 15 (21%) 140 (25%)
Glomerulonephritis 70 (11%) 12 (17%) 58 (10%)
Other 247 (39%) 27 (38%) 220 (39%)
Kt/Vurea 40+1.1 2.2+0.7 42+1.1
Residual diuresis > 100 mL/24h 488 (71%) 74 (88%) 414 (69%)
On waiting list for kidney 203 (30%) 35 (42%) 168 (28%)
transplantation
Clinical
Davies comorbidity score
Low comorbidity 183 (27%) 22 (28%) 161 (27%)
Moderate comorbidity 370 (55%) 51 (64%) 319 (54%)
High comorbidity 119 (18%) 7 (9%) 112 (19%)
Comorbid conditions
Diabetes mellitus 288 (42%) 29 (35%) 259 (43%)
Cardiovascular disease 541 (79%) 65 (77%) 476 (79%)
Current alcohol use 161 (27%) 27 (39%) 134 (25%)
Current smoking 108 (18%) 11 (16%) 97 (19%)
Laboratory
Hemoglobin (mmol/L) 7.1£0.8 7.1£0.8 7.1+0.8
Albumin (g/L) 37.0+t5.3 35.5+5.0 37.3+53
Phosphate (mmol/L) 1.6+0.5 1.6+0.4 1.6+0.5
Parathyroid hormone (pmol/L) 34.1+26.8 32.9+24.2 343+27.2
Psychiatric
History of major depression 27 (4%) 3 (4%) 24 (4%)
Receiving psychological care 24 (4%) 3 (4%) 21 (4%)
Use of psychofarmaca 65 (10%) 8 (10%) 57 (10%)

Note: Values are presented as mean * standard deviation, median [interquartile range], or frequency

(percentage).

Abbreviations: Kt/Vurea, dialyser clearance of urea * dialysis time / volume of distribution of urea.
* Immigrant status is based on country of birth of the patient and one or both biological parents.
**Low formal education: highest level of education is high school or less.

***|ess than 180 days on dialysis.
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Table 2. Differences in BAl and BDI-II scores and prevalence of clinically significant symptoms of
anxiety and depression between HD and PD patients at baseline (crude and multivariable model).

All patients PD HD MD (95%ClI) / p

n =685 n=84 n =601 OR (95%CI)*
Anxiety (BAI)
Mean £ SD 10.8+9.9 10.4+9.0 10.8+10.0
1. Univariable/crude 0.2 (-2.4;2.9) 0.87
2. + Age, sex, ethnicity 0.1(-2.5;2.8) 0.91
3. + Social characteristics -0.2 (-2.8; 2.4) 0.86
4. + Comorbidity -0.4 (-2.9; 2.2) 0.80
BAI > 16* 159 (23%) 16 (19%) 142 (24%)
1. Univariable/crude 0.7 (0.4; 1.4) 0.35
2. + Age, sex, ethnicity 0.7 (0.4; 1.4) 0.35
3. + Social characteristics 0.8 (0.4; 1.5) 0.45
4. + Comorbidity 0.8 (0.4; 1.6) 0.58
Depression (BDI-II)
Mean + SD 129+9.6 12.9+8.7 12.9+9.7
1. Univariable/crude 0.1(-2.5; 2.6) 0.97
2. + Age, sex, ethnicity 0.0 (-2.5; 2.5) 0.99
3. + Social characteristics -0.2(-2.7; 2.3) 0.86
4. + Comorbidity -0.3(-2.8;2.2) 0.79
BDI-Il > 13* 282 (41%) 37 (44%) 244 (41%)
1. Univariable/crude 1.2 (0.7; 2.0) 0.54
2. + Age, sex, ethnicity 1.2(0.7; 2.0) 0.51
3. + Social characteristics 1.2(0.7;2.1) 0.47
4. + Comorbidity 1.2 (0.7; 2.1) 0.46

Abbreviations: HD, hemodialysis; PD, peritoneal dialysis; BAI, Beck Anxiety Inventory; BDI-II, Beck Depression
Inventory — second edition; MD, mean difference; OR, odds ratio.
*logistic regression was used for the pre-defined cut-off values and results are presented as OR.

Symptom dimensions

Mean score on the somatic symptom dimension of anxiety in PD patients was 7.3 (SD 6.3) and
in HD patients 7.5 (SD 6.8) (adjusted mean difference -0.3 (95%Cl =-2.1; 1.5) (Table 3).
Subjective symptom dimension mean scores were 3.1 (SD 3.1) in PD patients and 3.3 (SD 3.3)
in HD patients (adjusted mean difference 0.0 (95%Cl = -1.1; 1.1). In both groups, almost all
patients (92%) had a score of 2 1 on the somatic symptom dimension and 70% of patients
scored 2 1 on the subjective symptom dimension, with no difference between the groups.

For depression, mean score on the somatic symptom dimensions in PD patients was 6.8 (SD
3.1) and in HD patients 6.5 (SD 3.6) (adjusted mean difference -0.6 (95%Cl = -1.5; 0.3) (Table
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3). Mean score of the cognitive symptom dimensions was 6.1 (SD 6.1) in PD patients and 6.3
(SD 6.3) in HD patients (adjusted mean difference 0.3 (95%Cl = -1.6; 2.1). Both the somatic
symptom dimension (97%) and the cognitive dimension (83%) were scored > 1 by the majority
of the patients.

Table 3. Differences in symptom dimensions scores of the BAl and BDI-Il s between HD and PD
patients at baseline (crude model and multivariable model).

All patients  PD HD MD (95%Cl) / p

n = 685 n=84 n =601 OR (95%Cl)*
Anxiety (BAI)
Somatic dimension
- Mean = SD 7.5+6.8 7.3+6.3 7.5+6.8
1. Univariable/crude 0.4 (-1.8;1.9) 0.97
2. + Age, sex, ethnicity 0.0 (-1.8;1.8) 0.98
3. + Social characteristics -0.3(-2.1; 1.5) 0.77
4. + Comorbidity -0.3(-2.1; 1.5) 0.71
- Prevalence (% > 1)* 631 (92%) 75 (89%) 555 (92%)
1. Univariable/crude 0.7 (0.3; 1.5) 0.31
2. + Age, sex, ethnicity 0.7 (0.3; 1.5) 0.33
3. + Social characteristics 0.7 (0.3; 1.6) 0.37
4. + Comorbidity 0.6 (0.3; 1.5) 0.30
Subjective dimension
- Mean +SD 33+33 3.1+3.1 33+33
1. Univariable/crude 0.2 (-0.9; 1.3) 0.75
2. + Age, sex, ethnicity 0.2(-0.9;1.2) 0.76
3. + Social characteristics 0.0(-1.0; 1.1) 0.95
4. + Comorbidity 0.0(-1.1;1.1) 0.97
- Prevalence (% > 1)* 478 (70%) 58 (69%) 421 (70%)
1. Univariable/crude 1.0 (0.6; 1.8) 0.95
2. + Age, sex, ethnicity 1.0 (0.6; 1.8) 0.91
3. + Social characteristics 1.1(0.6; 1.9) 0.86
4. + Comorbidity 1.1 (0.6; 1.9) 0.86
Depression (BDI-II)
Somatic dimension
- Mean + SD 6.6 3.5 6.8+3.1 6.5+3.5
1. Univariable/crude -0.4 (-1.3;0.5) 0.37
2. + Age, sex, ethnicity -0.5(1.4;0.4) 0.30
3. + Social characteristics -0.5(-1.5; 0.4) 0.24
4. + Comorbidity -0.6 (-1.5; 0.3) 0.21
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Table 3 (continued)

All patients  PD HD MD (95%Cl) / p

n =685 n=284 n =601 OR (95%CI)*
- Prevalence (% > 1)* 664 (97%) 83 (99%) 580 (97%)
1. Univariable/crude 2.7 (0.3;20.1) 0.35
2. + Age, sex, ethnicity 2.7 (0.4; 20.5) 0.34
3. + Social characteristics 2.9 (0.4;22.4) 0.31
4. + Comorbidity 2.8 (0.4; 21.8) 0.33
Cognitive dimension
- Mean = SD 6.3+6.3 6.1+6.1 6.31+6.3
1. Univariable/crude 0.5(-1.4; 2.4) 0.63
2. + Age, sex, ethnicity 0.5(1.4;2.3) 0.63
3. + Social characteristics 0.3 (-1.5; 2.2) 0.73
4. + Comorbidity 0.3(-1.6; 2.1) 0.79
- Prevalence (% > 1)* 574 (83%) 74 (88%) 500 (83%)
1. Univariable/crude 1.3(0.6; 2.8) 0.47
2. + Age, sex, ethnicity 1.3(0.6; 2.8) 0.45
3. + Social characteristics 1.3(0.6; 2.8) 0.47
4. + Comorbidity 1.3(0.6; 2.8) 0.45

Abbreviations: HD, hemodialysis; PD, peritoneal dialysis; BAI, Beck Anxiety Inventory; BDI-II, Beck Depression
Inventory — second edition; SD, standard deviation; MD, mean difference; OR, odds ratio.

Note: BAl somatic symptom dimension maximum score = 42, subjective symptom dimension maximum score =
21. BDI-Il somatic symptom dimension maximum score = 18, cognitive symptom dimension maximum score =
45,

*Percentage of patients scoring 1 or higher on symptom dimension.

Individual symptoms

Table 4 describes the prevalence and severity of individual items of the BAI in PD and HD
patients. Of the somatic anxiety symptoms, more than half of both PD and HD patients
experience faintness (PD 64% and HD 53%), dizziness or lightheadedness (55% and 53%) and
unsteadiness (51% and 53%), but PD patients more often experience abdominal discomfort
(45% versus 33%) and HD patients experience more numbness or tingling (49% versus 42%).
The most severe and prevalent subjective anxiety symptoms in both PD and HD patients were
nervousness (44% and 42%), being unable to relax (43% and 40%) and fear of the worst
happening (42% and 39%).
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Table 4. Prevalence and mean score of BAl items in PD and HD patients in this cohort.

Symptoms scored in the BAI, % of PD patients Mean £ SD % of HD patients  Mean £+ SD
listed by decreasing prevalence  with this with this
inPD symptom symptom

(marker for (marker for (marker for (marker for

prevalence) severity) prevalence) severity)
Somatic dimension*
Faintness 64% 0.85+60.9 53% 0.77 £0.88
Dizziness or lightheaded 55% 0.77+0.84 53% 0.78 £0.91
Unsteadiness 51% 0.70+0.80 53% 0.81+0.94
Stomach pains or abdominal 45% 0.64 £ 0.80 33% 0.50+0.83
discomfort
Wobbly legs 43% 0.63+£0.83 40% 0.62 £0.90
Numbness or tingling 42% 0.63+0.90 49% 0.79 £ 0.96
Heart pounding or racing 40% 0.63+0.85 40% 0.55+0.79
Feeling hot 36% 0.51+£0.78 36% 0.54+0.81
Shaking hands 36% 0.52+0.79 33% 0.47 £0.77
Difficulty with breathing 36% 0.47 £0.70 30% 0.39+0.67
Trembling 31% 0.39+£0.62 30% 0.41+0.72
Sweating (not due to feeling 23% 0.35+0.70 25% 0.40+0.79
warm)
Hot or flushed face 23% 0.27+£0.51 24% 0.35+0.69
Chocking sensation 12% 0.14+0.39 17% 0.27 £ 0.66
Subjective dimension*
Nervous 44% 0.62 £0.80 42% 0.59£0.82
Unable to relax 43% 0.54+£0.70 40% 0.62 £0.90
Fear of the worst happening 42% 0.63+0.88 39% 0.64+0.94
Fear of losing control 37% 0.46 £ 0.65 27% 0.42+0.78
Scared 27% 0.36 £ 0.64 27% 0.41+0.79
Fear of dying 23% 0.38 £0.80 25% 0.42+£0.82
Terrified 15% 0.19+0.43 19% 0.33+£0.75

Note: Presence of symptoms are scored as yes when the score is > 1 (including mild, moderate and severe)
*According to the Schouten model of somatic-subjective symptoms for the BAI.(29)

Almost all patients reported to experience the somatic depressive symptoms loss of energy
(PD 94% and HD 89%), fatigue (94% and 84%) and changes in sleeping (83% and 73%)(Table
5). Concerning cognitive depressive symptoms, more than half of the patients experience loss
of pleasure (61% and 53%) and almost one third of patients experience loss of interest (32%
and 35%) and feelings of sadness or a depressed mood (26% and 27%).
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Table 5. Prevalence and mean score of BDI-Il items in PD and HD patients in this cohort.

Symptoms scored in the BDI-II, % of PD Mean £ SD % of HD Mean £ SD
listed by decreasing prevalence in  patients with patients with
PD this symptom this symptom

(marker for (marker for (marker for (marker for

prevalence) severity) prevalence) severity)
Somatic dimension*
Loss of energy 94% 1.47+£0.79 89% 1.37+£0.82
Fatigue 94% 1.38+0.76 84% 1.27 £ 0.87
Changes in sleeping 83% 1.25+0.84 73% 1.10+£0.90
Loss of libido 77% 1.36+1.03 70% 1.36+1.16
Change in appetite 65% 0.88+0.79 60% 0.83+0.82
Concentration 44% 0.57+0.69 47% 0.620+0.76
Cognitive dimension*
Loss of pleasure 61% 0.79£0.75 53% 0.73 +0.82
Pessimism 40% 0.62+0.92 47% 0.76 £ 0.97
Irritability 40% 0.45+0.56 34% 0.47£0.74
Agitation 39% 0.51+0.73 32% 0.42+0.70
Crying 38% 0.60+0.90 30% 0.47£0.84
Self-dislike 36% 0.46 £ 0.65 28% 0.39+0.70
Loss of interest 32% 0.43+0.71 35% 0.49+0.78
Indecisiveness 32% 0.51+0.87 33% 0.50+0.82
Self-criticalness 31% 0.43+0.73 31% 0.44+0.76
Sadness 26% 0.31+0.58 27% 0.40+0.75
Guilt 20% 0.27 £0.59 16% 0.23+£0.59
Worthlessness 19% 0.26 £ 0.61 28% 0.39+0.70
Sense of failure 15% 0.30+0.74 19% 0.34+0.76
Punishment 14% 0.35+0.93 14% 0.29+0.82
Suicidal ideas 5% 0.07+0.31 11% 0.15+0.48

Note: Presence of symptoms are scored as yes when the score is 2 1 (including mild, moderate and severe).
*According to the Schouten model of somatic-cognitive symptoms for the BDI-I1.(28)

Missing data

Baseline demographic and clinical variables had <5% missing values. The overall percentage
of missing items on the BAI was 7.8% and on the BDI was 4.6%. Of the total cohort, 8% of
patients participated in the non-questionnaire part of the study. Complete BAl was available
of 508 patients and complete BDI-1l of 533 patients. Complete case sensitivity analysis showed

no major differences compared to the main analysis using multiple imputation.
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Discussion

This study assessed the differences in prevalence, somatic and subjective/cognitive symptom
dimensions and individual symptoms of anxiety and depression between PD and HD patients.
Despite the known difference in symptom burden, treatment satisfaction and autonomy
between the two dialysis modalities, clinically relevant symptoms of anxiety and depression
were highly prevalent in both PD and HD patients and no differences in prevalence or severity
were found between these groups. In both groups, the somatic symptom dimensions of both
anxiety and depression were more prevalent and more severe than the subjective anxiety
symptom dimension or cognitive depression symptom dimension. The most prevalent somatic
symptoms of anxiety and depression in both PD and HD patients were related to faintness,
fatigue and loss of energy, which may underscore the interplay between mental and physical
health.

Prevalence of anxiety and depression

In our cohort, symptoms of anxiety and depression were highly prevalent in both PD and HD
patients. Anxiety in dialysis patients can be triggered by the activities of attending dialysis or
the dialysis treatment itself, for instance by the dialysis machine alarming in HD treatment.(30,
31) Depression in dialysis patients can be triggered by grief over the loss of a normal life, an
uncertain future with dreading complications and mortality and guilt of burdening family
members.(30) A recent study found different perspectives on anxiety and depression between
PD and HD patients. Whereas HD patients had major concerns about the lack of control over
management, feeling enslaved to a machine, feeling confined to the dialysis schedule and the
healthcare system and being concerned about the risk of symptomatic hypotension on
dialysis, PD patients, on the other hand, felt vulnerable in being solely responsible for dialysis
and protecting independence, felt guilt and self-blame over complications and were
particularly concerned about the risk of peritonitis.(30)

Although the dialysis modality related triggers of anxiety and depression seem to differ
according to the literature, we did not find a difference in prevalence or symptom dimensions
of anxiety and depression between PD and HD patients. A possible explanation for this finding
might be that both our groups are very similar in demographic, social and clinical
characteristics, making their other risk factors for anxiety and depression, besides dialysis
modality, comparable. Previous studies show that HD patients are more likely to be older and
to have a history of vascular disease, cardiac disease and cancer compared to PD patients.
Indeed, these diseases are barriers to start PD.(32) It is possible that we did not find these
differences in patient characteristics between PD and HD patients in our sample because living
kidney donation has increased in the Netherlands before and during our study period. Younger
patients with less comorbidities who would have been more likely to start PD, might have
received a living kidney transplant before initiating dialysis therapy. It would be interesting to
further investigate the effect of dialysis modality on symptom dimensions in samples from
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other countries with different health systems, with possibly more differences in
sociodemographic and clinical characteristics between PD and HD patients.

Symptom dimensions

Somatic symptoms of anxiety and depression measured by the BAI and BDI-Il overlap with
symptoms of kidney failure and dialysis therapy, which might be an explanation of the high
number of patients scoring on the somatic symptom dimensions of anxiety and depression in
our cohort. However, studies have shown that exclusion of somatic symptoms in the BDI-II
does not lead to a better screening performance.(33) Also, the associations between the
somatic symptom dimensions of anxiety and depression and increased mortality risk in dialysis
patients are independent of somatic comorbidities and other clinical variables.(28, 29) This
underscores that interpretation of these somatic symptoms as being only related to chronic
kidney disease and dialysis therapy is short-sighted, as physical and mental health are in
complex interaction with each other. Furthermore, the core features of depression from the
cognitive symptom dimension, depressed mood and loss of pleasure and interest, and the
subjective dimension of anxiety are also present in the majority of patients. Is it possible that
the high prevalence of somatic symptoms of anxiety and depression might be a cause of the
underrecognition of these mental health problems in dialysis patients.

Individual symptoms

Interestingly, almost all patients in our study cohort reported somatic depressive symptoms
related to energy, fatigue and sleep (73-94%). A recent systematic review on dialysis patients
experiences of sleep underlines the magnitude of sleeping problems and lack of energy in this
population.(34) Overwhelming exhaustion can lead to the depletion of the sense of control
and capacity to do daily activities due to lack of energy, which might lead to feelings of
sadness, guilt and frustration. Sleep disorders are also highly associated with mental health
problems, and regarded as one of the most important trans-diagnostic processes influencing
mental health.(35) Moreover, sleep disorders influence quality of life due to effects on
cognitive, emotional and interpersonal functioning,(36, 37) and can also have effects on
general health.(38) There is an important bidirectional association between sleep quality and
health: insomnia can be an important symptom, cause or consequence of depression and
anxiety.(39) For example, previous studies over the last decades show that insomnia often
precedes and exacerbates depression, results in reduced treatment responses and increases
relapse rates of depression.(40, 41) As such, it is an important symptom and it is possible that
strategies to improve sleep quality might lead to subsequent improvement of anxiety and
depression in both PD and HD patients.

Strengths and limitations

The strengths of this study are the relatively large sample size of PD and HD patients, the
multicenter nature of the cohort, the use of questionnaires in four languages and the inclusion
of a large proportion of ethnic minorities and immigrants, which improves the generalizability
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of our results. Also, this is the first study to assess differences in symptom dimensions of
anxiety and depression in dialysis patients and to compare individual symptoms between
dialysis modalities.

Our study has several limitations that should also be taken in mind when interpreting the
results. First, we have assessed anxiety and depression by using self-reported screening
questionnaires and with the use of cut off scores for indication of a possible diagnosis of
anxiety and depression instead of a clinical diagnosis according to Diagnostic and Statistical
Manual of Mental Disorders (DSM) 5. This might lead to overestimation of the prevalence we
found. Second, the imbalance in sample size between the HD and PD group may lower our
effective sample size. However, this ratio is equal to the percentage of HD and PD in the
general dialysis population in the Netherlands. Third, although we used multiple imputation
techniques to handle missing data, remaining effect on the validity of the results cannot be
excluded. Fourth, although we adjusted for confounding factors in our analysis, it is possible
that there is residual confounding between PD and HD patients which might lead to bias in
our results. Finally, we used a cutoff score for clinical relevant anxiety of > 16 on the BAl based
on the manual by Beck and Steer as there is no published data yet on a validated cutoff score
for the BAI in dialysis patients.

Conclusion

In conclusion, symptoms of anxiety and depression are highly prevalent in both PD and HD
patients. Although dialysis modalities are known to be different in autonomy and therapy
burden, we did not find differences in prevalence or symptom dimensions of anxiety and
depression between these groups. This may be related to the fact that in this sample PD and
HD patients were comparable with regards to comorbidities and other clinical parameters.
The somatic symptom dimensions of both anxiety and depression were more prevalent than
the subjective or cognitive symptom dimensions in both PD and HD patients, which is possibly
related to the high comorbidity level and the impact on general health status in both the PD
and HD sample. Almost all patients experienced symptoms related to loss of energy, fatigue
and sleep. Some of these symptoms are not only symptoms of anxiety and depression but can
also be a risk factor to develop symptoms of anxiety and depression. Our findings underscore
the need for early recognition of somatic symptoms that relate to anxiety and depression in
dialysis patients, with the purpose to get proper treatment regardless of treatment modality.
Future research should focus on effective treatment for symptoms of anxiety and depression
as well as preventative interventions in both HD and PD patients.
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Abstract

Objective: To investigate the impact of the coronavirus pandemic on mental health in
hemodialysis patients, we assessed depression, anxiety and quality of life with valid mental
health measures before and after the start of the pandemic.

Methods: Data were used from 121 hemodialysis patients from the ongoing prospective
multicenter DIVERS-II study. COVID-19 related stress was measured with the Perceived Stress
Scale — 10, depression with the Beck Depression Inventory — second edition (BDI-II)), anxiety
with the Beck Anxiety Inventory (BAI) and quality of life with the Short Form — 12 (SF-12).
Scores during the first and second COVID-19 lockdown in the Netherlands were compared to
data prior to the pandemic with linear mixed models.

Results: No significant differences were found in BDI-II, BAl and SF-12 scores between before
and during the pandemic. During the first lockdown, 33% of participants reported COVID-19
related stress and in the second lockdown 37%. These patients had higher stress levels (mean
difference (MD) 4.7 (95%Cl 1.5; 8.0), p=0.005) and BDI-Il scores (MD 4.9 (95%Cl 0.7; 9.0),
p=0.021) and lower SF-12 mental component summary scores (MD -5.3 (95%Cl -9.0, -1.6),
p=0.006) than patients who did not experienced COVID-19 stress. These differences were
already present before the pandemic.

Conclusion: The COVID-19 pandemic does not seem to influence mental health in
hemodialysis patients. However, a substantial subgroup of patients with pre-existent mental
health problems seems to be more susceptible to experience COVID-19 related stress.
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Introduction

The impact of the coronavirus disease 2019 (COVID-19) pandemic on mental health among the
general population becomes more evident as the pandemic is continuing. Previous studies
show that symptoms of depression, anxiety and stress are common reactions to the COVID-
19 pandemic.(1-4) Longitudinal studies report an increase of mental health problems
compared to the pre-pandemic era.(5-7) Factors that may cause COVID-19 related stress are:
fear of the contagious disease itself, loss of employment and financial insecurity, deaths of
family members, friends, or colleagues, forced quarantine and social isolation.(8) Risk factors
identified in published studies are female sex, younger or older age, previous psychiatric
history, pre-existent physical or mental health problems, economic insecurity, and
accompanying chronic disease including renal disease.(9-13)

Only a limited number of studies investigating mental health during the COVID-19 pandemic
among patients with chronic diseases have been performed. This is important as this group of
patients are already vulnerable due to high levels of physical and mental distress. Indeed, in
dialysis patients, symptoms of depression and anxiety are highly prevalent and associated with
adverse clinical outcomes such as decreased quality of life, increased hospitalization and
mortality.(14-19) Perceived stress during the COVID-19 pandemic could increase the burden
of these symptoms in these patients.

Research investigating mental health problems in dialysis patients during the COVID-19
pandemic could therefore aid in assessing risk factors for and prevention of increased stress
levels in these patients. The association between the COVID-19 pandemic and mental health
problems in dialysis patients has been investigated in three studies, however, two studies did
not compare results during the pandemic with pre-pandemic data.(20-22) Only the study by
Bonenkamp and colleagues compared mental health before and during the COVID-19
pandemic and found no significant difference in mental health related quality of life (HRQoL)
and mental health-related symptoms measured with single items from the Dialysis Symptom
Index among peritoneal and hemodialysis patients during the COVID-19 pandemic compared
to pre-pandemic data.(20) To the best of our knowledge, no studies have investigated the
symptom severity of depression, anxiety and perceived stress in hemodialysis patients before
and during the COVID-19 pandemic.

The aim of this article is first to investigate symptom levels of depression, anxiety and HRQoL
in hemodialysis patients during the first and second wave of the COVID-19 pandemic
compared to the pre-pandemic era. And second to explore whether depression, anxiety and
HRQolL are associated to COVID-19 related stress.
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Methods

Study design and participants

To compare depression, anxiety, quality of life and perceived stress in hemodialysis patients
before and during the COVID-19 pandemic in both the first and second lockdown in the
Netherlands, data were used from the ongoing multicenter prospective DIVERS-II study which
consists of a randomized controlled trial (RCT) and a parallel observational cohort. The
extensive study protocol has been published earlier.(23) In short, the RCT investigates the
effectiveness of guided self-help problem solving therapy for depressive symptoms in
hemodialysis patients. Inclusion criteria for the RCT were adult patients receiving maintenance
hemodialysis (>90 days), who were able to fill out a questionnaire in Dutch and who had a
depressive symptom score of 10 or higher on the Beck Depression Inventory — second edition
(BDI-I1).(24, 25) Patients who were excluded from the randomization because of a low score
on the BDI-Il or because of insufficient Dutch language skills, were offered to participate in a
parallel observational cohort. In this parallel cohort, questionnaires were also available in
Arabic, English and Turkish. The inclusion period of the total DIVERS-II study ran between
January 2018 and March 2020. Participants in both the trial and observational cohort were
asked to fill out self-reported questionnaires on symptoms of depression, anxiety and HRQoL
every three to six months, for a total follow-up period of 21 months. The study protocol,
information brochure and informed consent were approved by the Medical Ethics Committee
of MEC-U, the Netherlands (registration number: NL58520.100.17) and written informed
consent was obtained from all participants before participation. This study is carried out in
accordance with de declaration of Helsinki and was prospectively registered in the Dutch Trial
Register (Trial NL6648).

For the present analysis, patients from the DIVERS-II RCT and observational cohort were
included, if they completed a questionnaire during the first lockdown period in the
Netherlands, defined as the period between March 12 and July 1st 2020. The second lockdown
period started on October 14, 2020, and data-collection during the second lockdown includes
only data from patients who were already included during the first lockdown. Data-collection
for the present analysis ended on the first of March, 2021. The second lockdown was still
ongoing at the time of data-analysis. Questionnaires collected during the lockdowns were
compared with the last pre-lockdown questionnaires which had to have been supplied within
6 months before the first lockdown. Seventeen patients started the intervention of the RCT
between September 2019 and March 2021, of which eleven patients were excluded because
they were considered to be treatment-completers. A timeline of the data-collection is
presented in Figure 1.
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Figure 1: Timeline of data collection DIVERS-II study and present analysis.
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Data-collection DIVERS-Il: Started January 2018, still ongoing at time of present analysis
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Outcome measurements

The primary outcomes were the severity of symptoms of depression and anxiety, measured
with the BDI-Il and the Beck Anxiety Inventory (BAI), respectively.(24-26) Both questionnaires
consist of 21 items each, in which respondents are asked how much these symptoms have
bothered them in the past two weeks, on a scale ranging from 0 (not at all) to 3 (severely),
with a total score between 0 and 63 where higher scores indicate more severe depression and
anxiety. BDI-1l and BAI scores were analyzed as continuous scores. Both the BDI-Il and the BAI
are validated in various cohorts of patients with chronic somatic diseases.(26-28) The
minimum clinically important difference (MCID) in symptom score on the BDI-Il and BAIl which
we used was a difference of at least 5 points.(29)

The secondary outcome of HRQoL was measured with the Short Form-12 (SF-12), a validated
questionnaire developed for patients with chronic conditions and frequently used in dialysis
patients.(30) The SF-12 consists of a Mental Component Summary (MCS) score and a Physical
Component Summary (PCS) score, on a scale of 0 to 100, where higher scores reflect better
HRQoL.(31) We used a MCID of at least 5 points difference on PCS and MCS scores.(32)

The secondary outcome of COVID-19 related stress was measured by the Perceived Stress
Scale-10 (PSS-10). This is a widely used and validated questionnaire which measures the global
levels of stress in the last month by asking to which degree persons find their lives
unpredictable, uncontrollable and overloaded.(33, 34) The Dutch version of the PSS-10
translated by the Longitudinal Aging Study Amsterdam (LASA) was used.(35) The 10 questions
were answered on a five point Likert scale from ‘never’ (0) to ‘very often’ (4), with a total score
between 0 and 40. The scale consists of six negatively worded items and four positively
worded items, from which a negative subscale and a positive subscale can be calculated. We
consider 4 points difference as MCID.(36) To determine if perceived stress was related to
COVID-19, the following question was added to the PSS-10: “In the last month, how often have
you felt that the tensions or “stress”, as answered by you in the above questions, were caused
by the corona outbreak?” If patients answered ‘never’ or ‘almost never’, their stress was
considered COVID-19 unrelated. Patients who answered ‘sometimes’, ‘fairly often’ of ‘very
often’ were considered to experience COVID-19 related stress.
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Data collection

At baseline, sociodemographic and clinical data were collected through self-reported
questionnaires and electronic patient files. The primary cause of kidney disease was classified
according to the European Renal Association—European Dialysis and Transplant Association
(ERA-EDTA) coding system and divided into four groups (renal vascular disease, diabetic
nephropathy, glomerulonephritis and other).(37) The Davies comorbidity index was used to
define the level of comorbidity.(38) Follow-up data on COVID-19 PCR test results and COVID-
19 related hospitalization and mortality was extracted from electronic patient files.

Statistical analysis

Standard descriptive statistics were used to present baseline characteristics. Differences in
continuous scores of the BDI-II, BAl and SF-12 before the COVID-19 pandemic and during both
lockdowns were analyzed with linear mixed model analysis, adjusted for age, sex, immigrant
status, high formal education, dialysis vintage and high comorbidity score. Effects of individual
confounders on the outcomes were analyzed in univariate mixed model analysis. Sensitivity
analysis was performed excluding all patients from the intervention group of the RCT to assess
treatment effect on the outcomes. PSS-10 total score and positive and negative subscales in
patients with COVID-19 related stress were compared to the scores of patients without
COVID-19 related stress with linear regression analysis, adjusted for age, sex, immigrant status
and high comorbidity score. BDI-Il, BAI and SF-12 scores of patients with COVID-19 related
stress and COVID-19 unrelated stress were compared with linear mixed model analysis,
adjusted for age, sex, immigrant status, high formal education, dialysis vintage and high
comorbidity score.

Missing values

To assess the impact of missing values on results, missing BDI-Il, BAl and SF-12 items of 121
patients before and during the first lockdown and of 50 patients in the second lockdown were
imputed by using multiple imputation techniques (10 repetitions) as a sensitivity analysis. All
statistical analyses were performed using SPSS for Windows, version 22 (IBM Corp).

Results

The patient flow is presented in Figure 2. A total of 121 patients were included in the analysis
of the first lockdown and 50 patients in the analysis of the second lockdown. Baseline
characteristics are summarized in Table 1. The majority of the patients were male (69%), mean
age was 67 years, median dialysis vintage was 23 months and ten percent of the patients had
a history of depression.
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Figure 2: Flow diagram
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Table 1: Patient characteristics of 121 participating hemodialysis patients at baseline.

Characteristic All patients (n=121)
Demographic
Age (year) 67 +13
Male sex 84 (69%)
Immigrant* 44 (36%)
Country of birth
European 86 (71%)
South America/Caribbean 17 (14%)
Southern Asia/South Eastern Asia 10 (8%)
Sub Saharan Africa 5 (4%)
Northern Africa 3 (3%)
Social
Married 54 (45%)
Has Children 91 (75%)
Education**
Low 44 (36%)
Middle 48 (40%)
High 29 (24%)
Not employed 106 (88%)

Renal and dialysis

Dialysis vintage (months) 23[9-42]
Primary kidney disease
Renal vascular disease 30 (25%)
Diabetic nephropathy 36 (30%)
Glomerulonephritis 9 (7%)
Other 46 (38%)
Kt/Vurea at baseline 3.6+1.2
Residual diuresis of 2100ml|/24h 83 (69%)
On waiting list for kidney transplant
Yes 33 (27%)
No, for medical reasons 74 (61%)
No, by patient preference 14 (12%)
Clinical
Davies comorbidity index
Low comorbidity 22 (18%)
Medium comorbidity 82 (68%)
High comorbidity 17 (14%)
Comorbid conditions
Diabetes mellitus 63 (52%)
Cardiovascular disease 101 (84%)

Psychiatric

Current psychotherapy 5 (4%)
History of depressive disorder 12 (10%)
History of anxiety disorder 0 (0%)

Note: Values are presented as mean t standard deviation, median [interquartile range], or frequency
(percentage).

*Immigrant status is based on country of birth of both patient and biological parents of patient.

**Education: Low = primary education, middle = secondary education, high = higher professional education and
university.
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In the first lockdown, a SARS-CoV-2 PCR test was performed in 23 of 121 patients of which
none tested positive. Two patients were admitted to the hospital with a suspected COVID-19
infection, but test results were negative. In the second lockdown, a PCR was performed in 13
out of 50 patients of which five (10%) tested positive for SARS-CoV-2. One patient was
admitted to the hospital for three days and one patient was admitted to a nursing home for
20 days because care options at home were insufficient. No COVID-19 related mortality was
reported in this cohort during the study period.

No significant differences in BDI-Il and BAI scores were found with mixed model analysis
adjusted for predefined confounders, between the measurements up to six months before
COVID-19 and during the first and second lockdown (Table 2). Univariate analysis showed a
higher BDI score of 4.4 points (95%Cl 0.5;8.2, p=0.03) and a BAI score of 5.9 points (95%ClI
2.5;9.3, p=0.001) in women compared to men, independent of time effect. The effect of sex
on HRQoL was seen only in the MCS score, where women scored 5.3 (95%Cl 1.7; 8.8, p=0.004)
points lower than men. No significant differences were found in univariate analysis of the
other confounders. Sensitivity analysis excluding all patients from the intervention group of
the RCT showed no major differences.

Table 2: Depression, anxiety and health related quality of life scores before the COVID-19 pandemic and
during the first and second lockdown.

Pre- First Mean p-value Second Mean p-value
pandemic lockdown difference lockdown difference
(95% CI)* (95% CI)*

Depression
BDI-II 10.4+85 9.8+8.3 -0.9 (-2.0;0.1) 0.09 9.1+89 0.2(-1.3;1.7) 0.79
Anxiety
BAI 87+86 80%79 -1.0(-2.5;0.6) 0.21 79%75 -0.7(-2.8;1.4) 0.51
HRQoL

SF-12 PCS 37.2+9.7 373193 0.37(-2.1;2.8) 0.76 36.1+10.6 0.8(-2.5;4.2) 0.62
SF-12 MCS 540+9.0 539+88 0.1(-1.7,2.00 0.88 53.6+9.2 -0.2(-2.8;2.4) 0.86
Note: Values are presented as mean + standard deviation.
Note: Pre-pandemic and during first lockdown n=121, during second lockdown n=50.
*Analyzed with a linear mixed model, adjusted for age, sex, immigrant status, high formal education, dialysis
vintage and high comorbidity score.
Abbreviations: COVID-19, Corona virus disease 2019; Cl, confidence interval; BDI-II; Beck Depression Inventory
— Second edition, BAI; Back Anxiety Inventory, HRQoL, health related quality of life; SF-12, 12-Item Short Form
Health Survey; PCS, Physical Component Summary; MCS, Mental Component Summary.

During the first lockdown, 33% of the participants reported that the stress they experienced
was caused by the COVID-19 pandemic. During the second lockdown this was 37%.
Participants who reported that their perceived stress was caused by the pandemic, scored 4.7
points higher on the PSS-10 during the first lockdown compared to participants who reported
their stress was unrelated to COVID-19 (95%Cl 1.5; 8.0, p=0.005) (Table 3, Figure 3). In the
second lockdown this difference was 7.2 points (95%Cl 2.7; 11.7, p=0.003). This difference is
explained largely by a significant difference on the negative subscale, which consists of

121




B Chapter 6

questions on being upset about unexpected things, unable to control important things in life,
feeling nervous and stressed, not being able to cope with things you have to do, feeling angry
about things outside of your control and not being able to overcome difficulties.

Table 3: Perceived stress scores in hemodialysis patients during the first and the second COVID-19
lockdown.

First lockdown Perceived Stress related  Stress not Mean difference  P-value
PSS-10 stress in to COVID-19 related to (95% CI)*

total group COVID-19
Overall score 11.0+6.4 14.2+5.9 9.3+5.7 4.7 (1.5; 8.0) 0.005
Positive subscale 6.9+4.3 6.7+6.7 6.4+4.3 0.4 (-1.9; 2.7) 0.76
Negative subscale 41+4.1 7.5+4.8 29+39 4.4(2.1;6.7) <0.001

Second lockdown

PSS-10

Overall score 11.7+7.6 15.5+8.2 9.4+6.6 7.2(2.7;11.7) 0.003
Positive subscale 6.0+3.7 6.2+3.3 5.814.1 1.2 (-3.0;5.2) 0.58
Negative subscale 5.6+5.5 9.3+6.9 3.6+3.5 6.1(2.0;10.2) 0.006

Note: Values are presented as mean + standard deviation, or frequency (percentage).

Note: Before the pandemic and during the first lockdown COVID-19 related stress n=24 and COVID-19
unrelated stress n=49. During the second lockdown COVID-19 related stress n=15 and COVID-19 unrelated
stress n=25.

*Analyzed with a linear regression model, adjusted for age, sex, immigrant status and high comorbidity score.
Abbreviations: PSS-10, perceived stress scale — 10; HD, hemodialysis; COVID-19, Corona virus disease 2019; CI,
confidence interval.

Figure 3: Bar chart of difference in perceived stress scores of patients with COVID-19 related stress and
COVID-19 unrelated stress during the first and second COVID-19 lockdown.
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Participants who reported to experience COVID-19 related stress, scored 4.9 points higher
on the BDI-II (95% CI 0.7; 9.0, p=0.02) and 5.3 points lower on the MCS of the SF-12 (-9.0, -
1.6, p=0.006) than participants with COVID-19 unrelated stress both before and during the
pandemic in a mixed model analysis adjusted for confounders (Table 4).

Table 4: Depression, anxiety and health related quality of life scores of patients with COVID-19 related
stress and COVID-19 unrelated stress before the COVID-19 pandemic and during the first and the
second lockdown.

Stress related to Stress not related Mean difference P-value
COVID-19 to COVID-19 (95% CI)*
BDI-II
Before COVID-19 13.3+9.2 85+7.1
During first lockdown 12.6+9.0 74+74 4.9 (0.7;9.0) 0.021
During second lockdown 13.7+7.8 7.8+7.8
BAI
Before COVID-19 12.1+9.7 6.9+6.9
During first lockdown 10.5+7.8 6.0+6.0 2.9 (0.6; 6.3) 0.11
During second lockdown 12.5+9.6 6.416.1
SF-12 - PCS
Before COVID-19 35.6+89 38.6+10.2
During first lockdown 35.9+9.9 38.9 9.0 -2.3(-6.8;2.2) 0.31
During second lockdown 34.5 £10.6 36.5+11.9
SF-12 - MCS
Before COVID-19 50.2+9.2 56.4+8.3
During first lockdown 48.9 + 8.5 56.8+7.0 -5.3(-9.0,-1.6) 0.006
During second lockdown 46.3+11.0 55.6+7.4

Note: Values are presented as mean + standard deviation.

Note: Before the pandemic and during the first lockdown COVID-19 related stress n=24 and COVID-19
unrelated stress n=49. During the second lockdown COVID-19 related stress n=15 and COVID-19 unrelated
stress n=25.

*Analyzed with a linear mixed model, adjusted for age, sex, immigrant status, high formal education, dialysis
vintage and high comorbidity score.

Abbreviations: COVID-19, Corona virus disease 2019; Cl, confidence interval; BDI-II; Beck Depression Inventory
—Second edition, BAI; Back Anxiety Inventory, SF-12, 12-Item Short Form Health Survey; PCS, Physical
Component Summary; MCS, Mental Component Summary.

Missing values

Baseline demographic and clinical variables were missing in 0.4% of the cases. The overall
percentage of missing questions in the first lockdown on the BDI-II, BAl and SF-12 was <5%.
Sensitivity analysis, using multiple imputation of missing items, showed no substantial
differences compared to the complete case analysis.
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Discussion

This study aimed to investigate depression, anxiety and HRQoL in hemodialysis patients during
the COVID-19 pandemic compared to the pre-pandemic era and to explore whether
depression, anxiety and HRQoL are related to COVID-19 related stress. Overall, no clinically
significant differences in severity of symptom levels of depression, anxiety and HRQoL in
hemodialysis patients were found between the pre-pandemic era and during the first and
second COVID-19 lockdown in the Netherlands. We did find higher levels of depression and
anxiety and lower mental health related quality of life scores in women than in men, which is
consistent with literature from the general population.(9-11, 13, 39) Importantly, we found
that high depression, anxiety and HRQoL scores were already pre-existent in hemodialysis
patients before the COVID-19 outbreak.

Cross-sectional studies in dialysis patients during COVID-19 without comparison to pre-
pandemic data show a prevalence of depression of 22-27% and a prevalence of anxiety of
12%, but these scores are difficult to interpret as symptoms of depression and anxiety were
already highly prevalent in dialysis cohorts before the pandemic.(21, 22) Our findings are in
concordance with the only other prospective study in 177 dialysis patients by Bonenkamp and
colleagues, which compared mental health related symptoms measured with single items
from the Dialysis Symptom Index and HRQoL with the SF-12 before and during the pandemic,
who also found no evidence for increase of mental health problems during the pandemic.(20)
In addition, we used valid and more detailed mental health measures specifically for
measuring depression and anxiety. A possible explanation for the lack of influence of COVID-
19 on symptom levels of depression and anxiety in hemodialysis patients could be the fact
that their daily lives did not change as much as the lives of the general population during the
lockdown since in-center hemodialysis care was continued unchanged. The high prevalence
of depression and anxiety before the pandemic may also be responsible for a diminished effect
of a pandemic on mental wellbeing.

In our cohort, one third of all hemodialysis patients reported COVID-19 related stress. These
patients had more severe symptoms of depression and lower mental health related quality of
life both before and during the pandemic compared to participants who reported their stress
to be unrelated to COVID-19. There was no difference between participants with COVID-19
related stress and participants with COVID-19 unrelated stress on severity of symptoms of
anxiety and physical health related quality of life. These findings suggest that hemodialysis
patients with more severe symptoms of depression and lower levels of mental health related
quality of life prior to the COVID-19 pandemic, are more susceptible to experience stress
caused by the pandemic.

Meta-analyses on self-reported stress among the general population during the COVID-19
pandemic demonstrated similar results (30-40%).(2, 3) In a cross sectional study, 31% of
hemodialysis patients experienced high levels of stress during the COVID-19 pandemic using
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a cut off of 2 6 on the PSS-4.(21) We found an even higher prevalence of high stress levels of
38-39% in our cohort using the same cut off score in these four questions from the PSS-10.
Although our study does not provide insight in specific reasons for perceived stress during the
COVID-19 pandemic, other studies from dialysis populations report that 85% of hemodialysis
patients were worried about the risk of infection during the hemodialysis treatment and the
transportation to the hospital, and 38% of peritoneal dialysis patients reported that their life
was affected by the COVID-19 pandemic because they experienced restriction of activity, fear
and panic, restricted hospital access and social isolation.(21, 22) Mortality rates of COVID-19
are known to be higher among patients with pre-existing kidney diseases compared to
individuals without pre-existing kidney diseases.(40),(41) It has been reported that this is one
of the reasons that a substantial part of the dialysis patients experiences fear of COVID-19.(20-
22) In our cohort, none of the hemodialysis patients were diagnosed with COVID-19 during
the first lockdown and 10% during the second lockdown. However, observing COVID-19
related disease and mortality of fellow-patients might increase stress in hemodialysis patients.

Strengths & limitations

This study has several strengths. First, we compared data on depressive and anxiety symptoms
measured with validated questionnaires during the pandemic with data of the pre-pandemic
era in hemodialysis patients. Second, this is the first prospective study that reports mental
health in hemodialysis patients with additional data from the second lockdown. This provides
longitudinal information about the development of mental health problems during the COVID-
19 pandemic in hemodialysis patients. Lastly, we used data from a large multicenter cohort
study in the Netherlands, which increases generalizability.

This study has several limitations. First, we have a relatively small sample size of 121 patients
in the first lockdown and an even smaller sample size of 50 patients in the second lockdown.
This is comparable to the current literature on COVID-19 related mental health in dialysis
patients with sample sizes of 49 to 177 patients. (20-22) Also, as the upper levels of the 95%
confidence intervals we found are still lower than the MCID, it is unlikely that with a larger
sample size a clinically relevant difference will be found. Second, selection bias might have
occurred since this cohort included patients from an RCT which may play a role in which
patients were willing to participate. To address this issue, we offered patients the opportunity
to participate in a parallel observational cohort if patients were not willing or motivated to
participate in an interventional study. To limit the effect of the intervention on the outcomes
of this study, we excluded patients who completed the intervention during the period of the
present study from the analysis and performed sensitivity analysis excluding all patients from
the intervention group. Third, we were not able to compare perceived stress during COVID-19
with pre-pandemic data since the PSS-10 is not part of the original DIVERS-II protocol. Fourth,
although the MCID has been used and validated in other chronically ill patient groups, it has
not been validated in the dialysis population.(42) Finally, our low infection rate in the first
lockdown and low COVID-19 related mortality rate could decrease generalizability as currently
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reported COVID-19 infection rates in the hemodialysis population are 3-6% and COVID-19
mortality rates are up to 25%.(40, 41, 43, 44)

Conclusion

In conclusion, the COVID-19 pandemic does not seem to influence severity of symptoms of
depression, anxiety and quality of life in hemodialysis patients during the first and second
COVID-19 lockdown in the Netherlands, compared to pre-pandemic data. However, a
substantial subgroup of patients with pre-existent higher symptom levels of depression and
lower mental health related quality of life seems to be more susceptible to experience COVID-
19 related stress. This underscores the need for screening and treatment of depression and
mental health related quality of life in hemodialysis patients to prevent increase of stress
symptoms in this group during pandemics and other major stressful events in the future.
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Abstract

Objective: Symptoms of depression are highly prevalent and undertreated in dialysis
patients. To aid clinicians in offering treatment to patients with depression, we conducted a
systematic review and meta-analysis on the treatment of current depressive symptoms in
dialysis patients.

Methods: Nine databases were searched on January 8th 2020 for randomized controlled
trials on the treatment of depressive symptoms in dialysis patients. In contradiction to
previous reviews, we only included studies who selected patients with a score above a
defined cut-off for depressive symptoms and used an inactive control group, to investigate
the effectiveness of treatments in currently depressed patients. All interventions aimed to
treat depressive symptoms were accepted for inclusion. Standardized mean differences
were calculated in a random effect meta-analysis.

Results: Seventeen studies were included in the systematic review (1640 patients). Nine
studies could be included in the meta-analysis. A pooled analysis of 7 studies on
psychotherapy showed a standardized mean difference of -0.48 [-0.87 ; -0.08], with a
moderate heterogeneity (12 = 52%,, X2 = 12.56, p = 0.05). All studies on psychotherapy
performed a per protocol analysis and scored high on potential bias. A pooled analysis of
two studies on SSRI’s showed no statistically significant improvement of depressive
symptoms (SMD -0.57 [-6.17; 5.02], 12=71%,X2 = 0.2474, p=0.06).

Conclusions: Psychotherapy is a promising treatment for currently depressed dialysis
patients, although quality of evidence is low. More evidence is needed regarding the efficacy
of SSRI’s, exercise therapy and dietary supplements in this population.
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Introduction

The burden of depressive symptoms among dialysis patients is high, with a prevalence of up
to 43% and a marked effect on quality of life (QoL).(1-3) Furthermore, symptoms of
depression are associated with several adverse health outcomes, such as an increased risk of
mortality, poor treatment adherence, and a higher hospitalization rate.(2, 4-7) Studies on
the course of depression in dialysis patients show that depressive symptoms do not remit
spontaneously in a substantial proportion of patients if left untreated, with high levels of
depressive affect being a predictor for short- and long-term complications of depression.(8-
10) Despite this burden there is under-screening and under-treatment of depressive
symptoms in dialysis patients.(4, 7, 11)

Antidepressants are a widely used, efficacious and available treatment for depression in
various populations. Evidence regarding safety and efficacy of antidepressants in the dialysis
population is currently lacking. A systematic review by Palmer et al. (2016), investigating the
effects of selective serotonin reuptake inhibitors (SSRI’s) for treating depressive symptoms in
dialysis patients, could not draw conclusions due to limited availability of studies and short
duration of follow-up of the included studies.(12) In addition, the recently published chronic
kidney disease (CKD) Antidepressant Sertraline Trial failed to show efficacy of sertraline over
placebo for the treatment of major depression disorder (MDD) in patients with non-dialysis
CKD (13) In general, willingness to modify or initiate antidepressant medication is often
lacking in both chronic dialysis patients and renal care providers.(14).

Psychological interventions are well established and effective treatments for adult
depression. Despite lower effect sizes of psychotherapy for depression in patients with

medical disorders compared to the general population, psychotherapy still shows relevant
improvement of depressive symptoms in the medically ill patient population (hedges g=0,71
vs g=0,57 respectively).(15) Although a recent randomized trial comparing treatment of
depression with sertraline versus cognitive behavioral therapy (CBT) in hemodialysis patients
showed improvement in depressive symptoms in both treatments arms from baseline, the
sertraline group showed modestly better improvement, but an inactive control arm was not
included to show if either treatment is better than control.(16) A recently well-performed
review by Natale et al. on psychosocial interventions for preventing and treating depression
in dialysis patients, concluded that CBT, exercise and relaxation therapy probably reduce
depressive symptoms with moderate certainty evidence.(17, 18) This review included both
randomized controlled trials (RCT’s) and quasi-RCT’s, which may increase the risk for
selection bias, and included both participants with or without current clinically significant
depressive symptoms , which potentially influences the effect sizes of treatments that are
developed for depressed patients.

In this article, we present the results of a systematic review and meta-analysis of RCT’s with
an inactive control group on various treatment options for patients undergoing maintenance
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dialysis with a current diagnosis of depression or depressive symptoms above the defined
cut off, to better understand the effect sizes of treatments that have been developed for this
particular group of patients. These results will better fit clinical practice, where both
medications, psychotherapy and alternative therapies are used for treatment of clinically
significant depression in dialysis patients.

Methods

This systematic review and meta-analysis is conducted following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.(19) The protocol for
this systematic review and meta-analysis was prospectively registered in Prospero under the
registration number CRD42018073969.(20)

Search strategy

The search strategy has been conducted in close cooperation with a trained librarian and
included terms on depression, dialysis and (randomized) trials. EMBASE, PubMed,
PsycINFO/Ebsco, Web of Sciences, Cochrane Central Register of Controlled Trials (CENTRAL)
and the Cochrane Database for Systematic Reviews, CINAHL/Ebsco, WHO ICTRP and
clinicaltrials.gov were searched from inception up to January 8th 2020. The search strategy
was optimized for all consulted databases (supplement S1). There were no restrictions in
languages or publication dates. References from relevant systematic reviews on treatment
of depressive symptoms in dialysis patients were cross-checked for potential missed
inclusions. Articles from all databases were combined in Endnote and duplicates were
removed using a duplicate removal protocol.(21) Ongoing research or non-published trials
were identified through database searching (clinicaltrials.gov and WHO ICTRP).

Study selection

Screening of title and abstract was performed in the online software program Rayyan.(22)
Eligible full texts were retrieved and assessed for inclusion. All steps of study screening and
selection were done by two independent reviewers (EN, RWS and SW). Disagreements were
resolved by discussion with a third author (AH). Articles were included when they 1) included
dialysis patients with depressive symptoms, using either a diagnosis of major depression
disorder (MDD) or a score above the defined cut-off on self-rating depression scales, 2)
patients were randomized in an active treatment and inactive control group. All
interventions aimed to treat depressive symptoms were accepted for inclusion. Studies were
also considered if depression was a secondary outcome as long as the other inclusion criteria
were met. If multiple articles were published on the same dataset, the most relevant
publication was included.

Outcomes
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The primary outcome was the difference in depressive symptoms measured by a diagnostic
interview or a score on a self-rating depression scale between the intervention and control
arm after treatment. Secondary outcomes of interest were: 1) anxiety symptoms, 2) QolL, 3)
mortality, 4) treatment satisfaction, 5) cost-effectiveness, 6) and hospitalization.

Data extraction

Data extraction from full-text articles was performed independently by two authors (EN and
SW) using a preset format. Information regarding the author, year of publication, country,
study design, dialysis modality, in- and exclusion criteria, type of intervention, number of
participants, outcome measures and outcomes were extracted independently. Articles in
languages other than English were translated before data extraction. Authors were
contacted in case of missing data.

Assessment of Risk of Bias and Strength of Evidence

Risk of bias was independently assessed by two authors (EN and SW) using the Cochrane risk
of bias tool.(23) Disagreements were resolved by discussion with a third author (RWS). The
strength of the overall evidence on the outcomes was assessed by two authors (EN and SW)
using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
approach.(24) Quality of evidence was graded as high, moderate, low or very low.

Data synthesis and meta-analysis

Data was pooled using the random effects model in R (R Core Team), with the packages
meta and metafor.(25) The results of the included studies are displayed by standardized
mean differences (SMD), as the primary outcome was measured by different depression
scales in the various studies. Negative SMDs indicate an improvement in the reduction of

depressive symptoms in the intervention group. The interpretation of effect size as proposed
by Cohen is as follow: 0.20 is a small effect size, 0.50 a medium effect size and 0.80 a large
effect size.(Cohen 1988)

A pooled meta-analysis of continuous variables was conducted using a random effects model
with a Sidik-Jonkman estimator with Hartung and Knapp adjustment.(26) Subgroup meta-
analysis on different treatment options, such as cognitive therapy and antidepressants, was
performed if possible. Statistical heterogeneity was assessed by visual inspection of the
forest plot, the chi-squared test and the 12-test whereby the Q statistic was used to test
heterogeneity across studies. The |12 index was interpreted as unimportant (0-40%),
moderate (30-60%), substantial (50-90%) and considerable heterogeneity (75-100%).(Higgins
2011) Risk of publication bias was based on visual inspection of a funnel plot. The R-code
containing the details regarding the meta-analysis are described in supplementary table S2.
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Results

Search results

In total, 3388 records were screened on title and abstract, 284 full text articles were
assessed for eligibility, 17 studies were included in qualitative synthesis (n=1640) and nine
studies in the meta-analysis (n=465). See PRISMA flow diagram (figurel).

Figure 1: PRISMA flow diagram
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Study characteristics

Characteristics of the 17 included RCT’s and primary outcomes are provided in table 1. Seven
studies investigated the effects of psychological interventions, which included three studies
on CBT(27-29), one study on problem solving therapy (PST)(30), one study on psycho-
education(31), one study on acceptance and commitment therapy (ACT)(32) and one study
on brief mindfulness meditation(33). Four studies investigated SSRI’s, which included 2
studies on sertraline(34, 35), one study on fluoxetine (36) and one study on escitalopram
(37), all versus placebo. Four studies investigated the effects of dietary supplements which
included omega-3 fatty acids(38), vitamin D3(39), Radix Bupleuri root (40) and synbiotic and
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probiotic supplementation.(41) One study investigated exercise training(42) and one study
examined recitation of the Qur’an(43). Control groups consisted of placebo treatment in
eight studies, care as usual in seven studies and wait-list in two studies. Detailed information
on treatment and control characteristics can be found in table 2.

Quantitative analysis

The SMD of the individual study results regarding the effect of treatment compared with the
non-active control group is summarized in table 1. Meta-analysis of the seven studies on
psychological intervention versus control (n=385) showed a statistically significant pooled
effect size of -0.48 [-0.87; -0.08] favoring the intervention, with overlapping confidence
intervals except for the study on mindfulness and moderate heterogeneity (12 = 52%, X2 =
12.56, p = 0.05), as shown in figure 2a. Except one, all studies are favoring the psychological
intervention. The study which examined a brief mindfulness training did not show a
significant improvement, with an effect of 0.36 [-0.26; 0.98], favoring the control condition.
Sensitivity analysis on the three studies investigating CBT show a comparable effects size of
SMD -0.55 [-1.19; 0.08] with low and not significant heterogeneity (12 = 10%, X2 =2.21,p =
0.33)(supplement S3), which may indicate that the moderate heterogeneity found is likely
due to differences in psychotherapeutic interventions.

Figure 2a: Primary analysis: Forest plot of comparison: psychological intervention versus control
condition, outcome: standardized mean difference for the degree of depression at posttreatment.

Source SMD (95% CI)

Duarte 2009 CBT (n=90) -0.79 [-1.22; -0.36] ——

Cukor 2014 CBT (n=65) -0.30[-0.79; 0.20] —T

Lerma 2017 CBT (n=60) ~0.51 [-1.04; 0.02] —

Kiicik 2009 PST (n=60) -0.95 [-1.49; -0.42] S

Espahbodi 2015 Psycho-education (n=60) -0.49 [-1.01; 0.02] —l—

Vogt 2016 ACT (n=9) -0.59 [-1.95; 0.78] =

Thomas 2017 Mindfulness (n=41) 0.36 [-0.26; 0.98] —
Total -0.48 [-0.87; -0.08] —m—
Heterogeneity: x5 = 12.56 (P = .05), I* = 52%

-1 0 1
Standardised Mean Difference (95% Cl)

CBT = cognitive behavioral therapy, PST = problem solving therapy, ACT = acceptance and commitment therapy,
SMD = standardized mean difference, Cl = confidence interval
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Meta-analysis comparing two studies on sertraline versus placebo (n=80) shows an effect
size of -0.57 [-6.17; 5.02] with a large confidence interval and substantial heterogeneity (12 =
71%, X2 = 0.2474, p=0.06). The studies on fluoxetine and escitalopram could not be included
in the meta-analysis because insufficient data was reported.

As a secondary analysis, SMD calculated from 14 studies are summarized in the forest plot in
figure 2b. No pooled effect size is given as these treatments were too heterogenic to
compare their effects. SMD could be calculated in three out of four studies on dietary
supplements.(39, 40) Two studies were performed in China with an SMD of -0.33 [-0.65; -
0.02] for Radix Bupleuri root and -0.27 [-0.41; -0.12] for vitamin D3. One study was
performed in Iran with an SMD of -1.74 [-2.59; -0.90] for synbiotic supplements and SMD of -
0.57 [-1.28; 0.13] for probiotic supplements. For exercise training SMD was -1.41 [-2.08; -
0.74](42) and for Qur’an recitation, SMD was -2.30 [-2.96;-1.64] which is considered as an
outlier.(43)

Figure 2b: Secondary analysis: Forest plot of comparison: intervention versus control condition,
outcome: standardized mean difference for the degree of depression at posttreatment.

Source SMD (95% ClI)

Duarte 2009 CBT (n=90) -0.79 [-1.22; -0.36] —

Cukor 2014 CBT (n=65) ~0.30 [-0.79; 0.20] -]
Lerma 2017 CBT (n=60) -0.51 [-1.04; 0.02] —

Kicik 2009 PST (n=60) -0.95[-1.49; -0.42] ——
Espahbodi 2015 Psycho-education (n=60) -0.49 [-1.01; 0.02] —l—

Vogt 2016 ACT (n=9) -0.59 [-1.95; 0.78] B I
Thomas 2017 Mindfulness (n=41) 0.35[-0.27; 0.97] -+
Taraz 2013 SSRiI: Sertraline (n=50) -0.99 [-1.58; -0.40] ——

Friedli 2017 SSRI: Sertraline (n=30) -0.11 [-0.82; 0.61] ——
Kouidi 2009 Exercise training (n=44) -1.41[-2.08; -0.74] ——

Wang 2015 Radix Bupleuri root (n=160) -0.33 [-0.65; -0.02] 5 &

Wang 2016 VitD3 (n=746) -0.27 [-0.41; -0.12]
Haghighat 2019a Synbiotics (n=31) -1.74[-2.59;-0.90] —@—

Haghighat 2019b Probiotics (n=33) -0.57 [-1.28; 0.13] B
Babamamohamadi 2017 Qu'ran recitation (n=60) -2.30 [-2.96; -1.64] —l—

Total -0.71[-1.08; -0.34] I<> | |

Heterogeneity: x2, = 70.59 (P < .001), I* = 80%
-2 -1 0 1 2
Standardised Mean Difference (95% CI)

CBT = cognitive behavioral therapy, PST = problem solving therapy, ACT = acceptance and commitment
therapy, vitD3 = vitamin D3, SMD = standardized mean difference, Cl = confidence interval, SSRI = selective
serotonin reuptake inhibitor
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Secondary outcomes

Anxiety was measured in six studies (supplement S6a).(28, 31, 33, 40, 44) SMD of the effect
size could be calculated in five studies, with a pooled effect of -0.25 [-0.54; 0.05] and small
heterogeneity which was not significant (12 = 7%, X2 = 5.38, p=0.37), shown in supplement
S5a. Quality of life was measured in six studies (supplement S6b).(27-29, 32, 38, 40) SMD
could be calculated in four studies, with a pooled effect of 0.40 [0.10; 0.70] and small not-
significant heterogeneity (12 = 14%, X2 = 4.66, p=0.32), shown in supplement S5b. Other
secondary outcomes mortality, treatment satisfaction, cost-effectiveness and
hospitalization, were not reported in the included studies.

Qualitative synthesis

Of the seven studies on psychological interventions, all but the two studies on ACT and on
mindfulness meditation showed a significant improvement of depressive symptoms in the
intervention group in comparison with the control group. The three studies on CBT assessed
treatments of five to twelve individual or group sessions led by a psychologist or therapist,
scheduled during hemodialysis sessions or on non-dialysis days. The CBT interventions
consisted of psycho-education and different CBT techniques such as self-monitoring of
mood-status, cognitive restructuring, behavioral activation and relaxation exercises.(27-29)
The PST treatment consisted of 8 sessions of maximum one hour but no further details are
given on the content of the sessions.(30) The psycho-education consisted of three group
sessions with content on renal failure and dialysis care, problem solving skills, stress
management and muscle relaxation.(31) ACT was composed of six individual sessions
delivered by a telephone-supported self-help book and the mindfulness meditation was

provided three times a week during hemodialysis sessions for 8 weeks by a psychiatry
resident or a psychologist.(32, 33)

The four studies on SSRI’s show inconsistent results. For Sertraline, in one study no benefit
was observed after 24 weeks and in the other study a significant improvement in depression
score was seen in the intervention group after 12 weeks.(34, 35) A small study on Fluoxetine
showed a significant improvement of depression in the intervention group after 4 weeks but
not after 8 weeks and a study on Escitalopram showed a significant improvement compared
with the placebo group after 8 weeks.

Three studies on dietary supplements showed a significantly lower depression score after
four months of daily omega-3 fatty acids intake, after three months of daily intake of the
Chinese herb Radix Bupleuri root and after three months of four-times daily synbiotic or
probiotic supplementation, but no significant improvement in depression scores was seen
after 52 weeks of weekly Vitamin D3 injection.(38-41) One study on an exercise training
program of three times per week for 60-90 minutes during hemodialysis treatment, showed
a significant difference in depression scores after one year favoring the intervention
group.(42) One religious study on the effect of Holy Qur’an recitation delivered three times a
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week by a MP3 player with headphones during dialysis sessions showed a significant effect
on depression scores in hemodialysis patients in Iran after four weeks.(43)

Study quality

The Risk of Bias in most of the studies is considerable, as is presented in a risk of bias graph
(supplement S5a) and a risk of bias summary (supplement 5b). Only one study met all
quality criteria, sensitivity analysis on studies with low risk of bias was not possible.
Publication bias was assessed using a funnel plot which shows a symmetric distribution
around the pooled effect, as shown in supplement S7. A Baujat plot to detect sources of
heterogeneity in meta-analysis shows that the study on recitation of the Qur’an has the
largest contribution to overall heterogeneity (supplement $8).(45) The certainty of the
evidence assessed according to the GRADE criteria is graded as low to very low (supplement
S9).

Discussion

This study systematically reviewed and meta-analyzed RCT’s with an inactive control group
studying various treatment options for patients undergoing maintenance dialysis with a
current diagnosis of depression or above threshold depressive symptoms. As we displayed
the treatment effect of all included studies (see figure 2b), this systematic review makes it
possible to compare treatment effects of the different treatment options used in clinical
practice, such as psychotherapy, antidepressants, dietary supplements and exercise therapy.

Psychotherapy

The medium effect size found for psychotherapy in this meta-analysis (SMD -0.48 [-0.87; -
0.08]) is comparable to the medium effect size found by Cuijpers et al. in a subgroup analysis
on adults with a general medical disorder and depression (g=-0.57 [-0.69; -0.44]).(15)
Sensitivity analysis on three studies on CBT showed similar results as the main analysis on all
psychotherapies (SMD -0.55 [-1.19; 0.08]), with a low heterogeneity of 10% which was not
significant (X2 = 2.21, p=0.33). A recent review by Natale et al. on CBT in dialysis patients
found an improvement on the Beck Depression Inventory (BDI) score of mean difference
(MD) -6.10 [-8.63; -3.57], which corresponds to a SMD of -0.31.(17, 18) This is a smaller
effect size than we found for CBT in our sensitivity analysis, which may be explained by the
broader inclusion criteria used by Natale et al., whose study also included quasi-RCT’s and
studies on patients with and without depressive symptoms which potentially has influenced
the effect sizes. The somewhat larger SMD found by our meta-analysis might be explained
by CBT having a higher treatment effect in patients with current depressive symptoms,
although it should be noted that our 95%Cl covers both estimates as well as zero, where the
latter indicates no effect of CBT. Hence, the generally similar results on CBT found by Natale
et al. and our meta-analysis, which is done on a subset of RCT studies with only clinically
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depressed patients reviewed by Natale et al, is an interesting outcome and relevant for
clinical practice.

Given the moderate heterogeneity, the use of different control groups, and high risk of bias
due to no blinding and per protocol analyses, the effect size found in this meta-analysis may
be overestimated and should be interpreted with care.(46) The moderate heterogeneity (12
=52%, X2 = 12.56, p=0.05) found in our study may be explained by the use of different study
designs, different patient characteristics and most importantly different psychotherapeutic
treatments, including CBT, PST, third-wave psychotherapies such as ACT and mindfulness-
based cognitive therapy. CBT and PST are practical and rational therapies, where CBT
focusses on identifying distorted cognitions, moods and behaviors and helps the patient with
cognitive restructuring and behavioral activation, and PST focusses on difficulties patients
encounter in live and teaches them structured problem-solving techniques to help solve
their problems.(27-29, 47) ACT approaches psychopathology as psychological inflexibility
which causes experiential avoidance and aims to encourage patients to counter this
avoidance by teaching acceptance and mindfulness skills.(32) Mindfulness-based cognitive
therapy focusses on meditation techniques where patients are guided to enter into
moment-to-moment non-judgmental awareness.(33) Our systematic review did not provide
sufficient number of studies on each type of psychotherapy to warrant a further
stratification or comparison on the different types of psychotherapies.

SSRI’s

RCT’s on the use of antidepressants in the dialysis population versus a placebo control group
are scarce.(48-50) In this review only 2 out of 4 studies could be included in the meta-
analysis, both investigating sertraline in comparison with placebo. Mehrotra et al. recently
performed a RCT comparing CBT and sertraline treatment in hemodialysis patients with

depression and found a modestly better improvement in depression score with sertraline
than with CBT (MD -1.84 [-3.54; -0.13]).(16) However, this study could not be included
because of the absence of a placebo group. The relatively low pooled effect of sertraline
found in our meta-analysis has a very large confidence interval (-0.57 [-6.17; 5.02]) and more
evidence is needed to make any type of conclusion regarding the efficacy of SSRIs in dialysis
patients.

Other outcomes

Four studies on dietary supplements show small to moderate effect sizes on depressive
symptoms indicating that it might be beneficial to use dietary supplements for depression in
dialysis patients. Exercise training is known to have significant beneficial effects in CKD
patients on physical fitness, cardiovascular dimensions and quality of life.(51) In comparison
to the review of Natale et al., we found no evidence on relaxation therapy and only one
study on exercise training in dialysis patients, which shows a promising effect on depression
and cardiac autonomic outflow in a relatively young hemodialysis cohort with a mean age of
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46.(42) However, these results on dietary supplements and exercise training should be
validated in other populations before any conclusion can be drawn.

The pooled effects of studies on secondary outcomes shows a small effect size on anxiety
symptoms and a small to moderate effect on quality of life. Data on other secondary
outcomes were not reported, hence no conclusions on treatment satisfaction, cost-
effectiveness or the effect of treatment on mortality and hospitalization can be drawn.

Future research

Although we included studies from the inception of the searched databases, the first
reported study on this topic was in 1997, which might be more recent than expected. The
most likely explanation for this is the increased focus on patient-related outcomes and
changes in attitudes towards treatment of mental health in dialysis patients during this
period.

Considering the known high prevalence of depression in dialysis patients, it is surprising that
adequately powered RCT’s on treatment of depressive symptoms are relatively scarce in
dialysis patients. There are consistently more studies on CBT than for any other therapeutic
approach, which makes the relative comparison between different treatment options
difficult.

Reasons for the low number of trials on treating current depressive symptoms in this
population may be due to the experience that many trials in the dialysis setting have
problems with recruitment and retention rates and protocol adherence.(52)

Almost all included studies used per protocol analysis. By not performing an intention to
treat analysis, a potential bias due to post-randomization exclusion of patients is created,
which most likely will overestimate the true effect and increases the risk of a type |
error.(53-55). Seven of the studies in this review excluded patients with medical illnesses
other than kidney failure or a life expectancy of less than one year. As most dialysis patients
have multiple medical issues and a short life expectancy, this might reduce the
generalizability of the results.

Future research should focus on adequately designed RCTs for evaluation of psychotherapy,
antidepressants and dietary supplements in dialysis patients with a) an adequate power
calculation and sample size, b) an intention to treat analysis, c) blinding where possible, d) a
selection of patients on current above threshold depressive symptoms and d) comparing the
intervention of interest with a well-defined care as usual group.

Conclusion

This systematic review and meta-analysis suggests that treatment of clinical depression in
dialysis patients with psychotherapy, especially practical and rational therapies such as CBT,
PST and psycho-education, are most promising, while the effect of antidepressants is
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currently inclusive due to lack of studies. Given the large burden of depressive symptoms in
dialysis patients and proven effectivity in other medically ill patient populations, it is
advisable to offer psychotherapy to dialysis patients with depressive symptoms. Various life
style interventions like dietary supplements and exercise programs have shown positive
effects as well, but more studies will be needed before definitive conclusions can be made,
also in comparison with and in addition to psychotherapy.
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Supplementary tables and files

Supplement S1: Search strategies in different databases

Pubmed search 9-1-2019:

"Depression"[Mesh] OR "Depressive Disorder"[Mesh] OR "Mood Disorders"[Mesh:NoExp] OR
"Adjustment Disorders"[Mesh] OR depress*[tiab] OR melanchol*[tiab] OR mdd[tiab] OR anxiety[tiab]
OR "Anxiety"[Mesh] OR "Anxiety Disorders"[Mesh]

AND

"Kidney Failure, Chronic"[mesh] OR "Renal Dialysis"[Mesh] OR "Hemofiltration"[Mesh] OR
Dialys*[tiab] OR hemodialys*[tiab] OR haemodialys*[tiab] OR Renal Replacement Therap*[tiab] OR
Hemofiltration*[tiab] OR Hemodiafiltration*[tiab] OR Haemodiafiltration*[tiab] OR
haemofiltration*[tiab] OR chronic kidney disease[tiab] OR chronic kidney failure[tiab] OR chronic
renal disease[tiab] OR chronic renal failure[tiab] OR end stage kidney [tiab] OR end stage renal [tiab]
OR endstage kidney[tiab] OR endstage renal[tiab] OR ESRD[tiab] OR ESKD[tiab] OR ESRF[tiab] OR
ESKF[tiab] OR CAPD[tiab] OR CCPD[tiab] OR APD[tiab] OR CKD[tiab] OR CRDJ[tiab] OR CKF[tiab]

AND

randomized controlled trial[pt] OR controlled clinical trial[pt] OR random*[tiab] OR placebo[tiab] OR
drug therapy[sh] OR trial[tiab] OR groups[tiab]

EMBASE search 9-1-2019:

'depression'/exp OR 'mood disorder'/de OR 'adjustment disorder'/exp OR 'anxiety'/exp OR 'anxiety
disorder'/exp OR depress*:ab,ti OR melanchol*:ab,ti OR mdd:ab,ti OR anxiety:ab;ti

AND

'depression'/exp OR 'mood disorder'/de OR 'adjustment disorder'/exp OR 'anxiety'/exp OR 'anxiety
disorder'/exp OR depress*:ab,ti OR melanchol*:ab,ti OR mdd:ab,ti OR anxiety:ab;ti

AND

random* OR placebo* OR (doubl* AND blind*) OR (singl* AND blind*) OR ((tripl* OR trebl*) AND
blind*) OR 'crossover procedure'/exp OR 'double blind procedure'/exp OR 'randomized controlled
trial'/exp OR 'controlled clinical trial'/de OR 'single blind procedure'/exp OR 'placebo'/exp OR
'randomization'/exp

The Cochrane Library (CENTRAL, Cochrane reviews) search 9-1-2019:

(depress* OR melanchol* OR mdd OR anxiety):ti,ab,kw

AND

(Dialys* OR hemodialys* OR haemodialys* OR (Renal Replacement NEXT Therap*) OR
Hemofiltration* OR Hemodiafiltration* OR Haemodiafiltration* OR haemofiltration* OR "chronic
kidney disease" OR "chronic kidney failure" OR "chronic renal disease" OR "chronic renal failure" OR
"end stage kidney" OR "end stage renal" OR "endstage kidney" OR "endstage renal" OR ESRD OR
ESKD OR ESRF OR ESKF OR CAPD OR CCPD OR APD OR CKD OR CRD OR CKF):ti,ab,kw

PsyclInfo via EBSCOhost search 9-1-2019:

DE "Depression Emotion" OR DE "Major Depression" OR DE "Anaclitic Depression" OR DE "Dysthymic
Disorder" OR DE "Endogenous Depression" OR DE "Late Life Depression" OR DE "Postpartum
Depression" OR DE "Reactive Depression" OR DE "Recurrent Depression" OR DE "Treatment Resistant
Depression" OR DE "Atypical Depression" OR DE "Affective Disorders" OR DE "Anxiety" OR DE
"Anxiety Disorders" OR DE "Acute Stress Disorder" OR DE "Death Anxiety" OR DE "Generalized
Anxiety Disorder" OR DE "Obsessive Compulsive Disorder" OR DE "Panic Disorder" OR DE "Phobias"
OR DE "Post-Traumatic Stress" OR DE "Posttraumatic Stress Disorder" OR DE "Separation Anxiety
Disorder" OR DE "Adjustment Disorders" OR (TI (depress* OR melanchol* OR mdd OR anxiety) OR AB
(depress* OR melanchol* OR mdd OR anxiety))
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AND

DE "Dialysis" OR DE "Hemodialysis" OR (Tl (Dialys* OR hemodialys* OR haemodialys* OR Renal-
Replacement-Therap* OR Hemofiltration* OR haemofiltration* OR Hemodiafiltration* OR
haemodiafiltration* OR "chronic kidney disease" OR "chronic kidney failure" OR "chronic renal
disease" OR "chronic renal failure" OR "end stage kidney" OR "end stage renal" OR "endstage kidney"
OR "endstage renal" OR ESRD OR ESKD OR ESRF OR ESKF OR CAPD OR CCPD OR APD OR CKD OR CRD
OR CKF) OR AB (Dialys* OR hemodialys* OR haemodialys* OR Renal-Replacement-Therap* OR
Hemofiltration* OR haemofiltration* OR Hemodiafiltration* OR haemodiafiltration* OR "chronic
kidney disease" OR "chronic kidney failure" OR "chronic renal disease" OR "chronic renal failure" OR
"end stage kidney" OR "end stage renal" OR "endstage kidney" OR "endstage renal" OR ESRD OR
ESKD OR ESRF OR ESKF OR CAPD OR CCPD OR APD OR CKD OR CRD OR CKF))

AND

DE "Treatment Effectiveness Evaluation" OR DE "Clinical Trials" OR DE "Mental Health Program
Evaluation" OR DE "Placebo" OR Tl placebo* OR AB placebo* OR AB randomly OR TX randomi* OR Tl
trial OR AB trial OR TX ((singl* OR doubl* OR trebl* OR tripl*) N3 (blind* OR mask* OR dummy)) OR
Tl (control* N3 (trial* OR study OR studies OR group*)) OR AB (control* N3 (trial* OR study OR
studies OR group*)) OR Tl factorial* OR AB factorial* OR Tl allocat* OR AB allocat* OR Tl assign* OR
AB assign* OR Tl volunteer* OR AB volunteer* OR Tl (crossover* OR "cross over*") OR AB
(crossover* OR "cross over*") OR TX (quasi N5 (experimental OR random*))

Web Of Science search 9-1-2019 (Databases searched: SCI-EXPANDED, SSCI, A&HCI, ESCI):

TOPIC: (depress* OR melanchol* OR mdd OR anxiety)

AND

TOPIC: (Dialys* OR hemodialys* OR haemodialys* OR Renal-Replacement-Therap* OR
Hemofiltration* OR Hemodiafiltration* OR Haemodiafiltration* OR haemofiltration* OR "chronic
kidney disease" OR "chronic kidney failure" OR "chronic renal disease" OR "chronic renal failure" OR
"end stage kidney" OR "end stage renal" OR "endstage kidney" OR" endstage renal" OR ESRD OR
ESKD OR ESRF OR ESKF OR CAPD OR CCPD OR APD OR CKD OR CRD OR CKF)

AND

TOPIC: (random* or blind* or allocat* or assign* or trial* or placebo* or crossover* or cross-over*)

CINAHL via EBSCOhost search 9-1-2019:

(MH "Depression+") OR (MH "Affective Disorders") OR (MH "Anxiety Disorders+") OR (MH
"Adjustment Disorders+") OR (Tl (depress* OR melanchol* OR mdd OR anxiety) OR AB (depress* OR
melanchol* OR mdd OR anxiety))

AND

(MH "Dialysis+") OR (MH "Hemofiltration+") OR (MH "Hemodialysis+") OR (MH "Peritoneal Dialysis+")
OR (MH "Kidney Failure, Chronic+") OR (Tl (Dialys* OR hemodialys* OR haemodialys* OR Renal
Replacement Therap* OR Hemofiltration* OR haemofiltration* OR Hemodiafiltration* OR
haemodiafiltration* OR "chronic kidney disease" OR "chronic kidney failure" OR "chronic renal
disease" OR "chronic renal failure" OR "end stage kidney" OR "end stage renal" OR "endstage kidney"
OR "endstage renal" OR ESRD OR ESKD OR ESRF OR ESKF OR CAPD OR CCPD OR APD OR CKD OR CRD
OR CKF) OR AB (Dialys* OR hemodialys* OR haemodialys* OR Renal Replacement Therap* OR
Hemofiltration* OR haemofiltration* OR Hemodiafiltration* OR haemodiafiltration* OR "chronic
kidney disease" OR "chronic kidney failure" OR "chronic renal disease" OR "chronic renal failure" OR
"end stage kidney" OR "end stage renal" OR "endstage kidney" OR "endstage renal" OR ESRD OR
ESKD OR ESRF OR ESKF OR CAPD OR CCPD OR APD OR CKD OR CRD OR CKF))

AND

(MH "Clinical Trials+") OR (PT (Clinical trial)) OR (MH "Random Assignment") OR (MH "Quantitative
Studies") OR (TX ((clini* N1 trial*) OR (singl* N1 blind*) OR (singl* N1 mask*) OR (doubl* N1 blind*)
OR (doubl* N1 mask*) OR (tripl* N1 blind*) OR (tripl* N1 mask*) OR (trebl* n1 blind*) or (trebl* n1
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mask*) OR (random* N1 allocat*) OR placebo* OR (MH "Placebos") OR (control* N3 (trial* OR study
OR studies OR group*)) OR randomized OR randomised))

WHO ICTRP search 9-1-2019:

Title: renal OR kidney OR dialysis OR hemodialysis OR haemodialysis OR Hemofiltration OR
haemofiltration OR Hemodiafiltration OR haemodiafiltration. Condition: depression OR depressive
OR anxiety OR melancholia OR melancholic OR mdd. Recruitment status: all

OR

Title: depression OR depressive OR anxiety OR melancholia OR melancholic OR mdd. Condition: renal
OR kidney OR dialysis OR hemodialysis OR haemodialysis OR Hemofiltration OR haemofiltration OR
Hemodiafiltration OR haemodiafiltration. Recruitment status: all

Clinicaltrials.gov search 9-1-2019:

Condition or disease: renal OR kidney OR dialysis OR hemodialysis OR haemodialysis OR
Hemofiltration OR haemofiltration OR Hemodiafiltration OR haemodiafiltration

AND

Other terms: depression OR depressive OR anxiety OR melancholia OR melancholic OR mdd. Trial
Status: all
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Supplement S2: R-code
#Meta-analysis code for R, performed by R. Schouten

#tpackages used
install.packages("meta")
install.packages("metafor")

#tload packages
library("meta")
library("metafor")

#set workingdirectory
setwd

#load dataset

Datal <- All studies

Data2 <- Psychotherapy only
Data3 <- CBT only

Data4 <- SSRI only

Data5 <- Anxiety studies
Datab <- QoL studies

#meta-analysis using all studies

metal <- metacont(Ne, Me, Se, Nc, Mc, Sc, data=Datal, studlab=paste(Subgroup, Author, Year),
comb.fixed=FALSE, comb.random=TRUE,method.tau="SJ",hakn=TRUE,sm = "SMD")
forest(metal, layout="JAMA", text.predict="95% PI", col.predict="black")

funnel(metal, studlab=TRUE)

baujat(metal)

#meta-analysis psychotherapy only

meta2 <- metacont(Ne, Me, Se, Nc, Mc, Sc, data=Data2, studlab=paste(Subgroup, Author, Year),
comb.fixed=FALSE, comb.random=TRUE,method.tau="SJ",hakn=TRUE,sm = "SMD")
forest(meta2, layout="JAMA", text.predict="95% PI", col.predict="black")

funnel(meta2, studlab=TRUE)

baujat(meta2)

#meta-analysis CBT only

meta3 <- metacont(Ne, Me, Se, Nc, Mc, Sc, data=Data3, studlab=paste(Subgroup, Author, Year),
comb.fixed=FALSE, comb.random=TRUE,method.tau="SJ",hakn=TRUE,sm = "SMD")
forest(meta3, layout= "JAMA", text.predict="95% PI", col.predict="black")

funnel(meta3, studlab=TRUE)

baujat(meta3)

#meta-analysis SSRI only

meta4 <- metacont(Ne, Me, Se, Nc, Mc, Sc, data=Data4, studlab=paste(Subgroup, Author, Year),
comb.fixed=FALSE, comb.random=TRUE,method.tau="SJ",hakn=TRUE,sm = "SMD")
forest(meta4, layout="JAMA", text.predict="95% PI", col.predict="black")

funnel(meta4, studlab=TRUE)

baujat(meta4)

#meta-analysis Anxiety
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meta5 <- metacont(Ne, Me, Se, Nc, Mc, Sc, data=Data5, studlab=paste(Subgroup, Author, Year),
comb.fixed=FALSE, comb.random=TRUE,method.tau="SJ",hakn=TRUE,sm = "SMD")
forest(meta5, layout= "JAMA", text.predict="95% PI", col.predict="black")

funnel(meta5, studlab=TRUE)

baujat(meta5)

#meta-analysis QoL

metab <- metacont(Ne, Me, Se, Nc, Mc, Sc, data=Data6, studlab=paste(Subgroup, Author, Year),
comb.fixed=FALSE, comb.random=TRUE,method.tau="SJ",hakn=TRUE,sm = "SMD")
forest(meta6, layout="JAMA", text.predict="95% PI", col.predict="black")

funnel(meta6, studlab=TRUE)

baujat(meta6)

156



Treatment of depressive symptoms: a Meta-Analysis

Supplementary table S3: Forest plot including CBT only

Source SMD (95% Cl)

Duarte 2009 CBT (n=90) -0.79 [-1.22; -0.36] ——l——

Cukor 2014 CBT (n=65) -0.30[-0.79; 0.20] —.——

Lerma 2017 CBT (n=60) -0.51[-1.04; 0.02] ——

Total -0.55[-1.19; 0.08] ————

Heterogeneity: %2 = 2.21 (P = .33), I = 10% ' ' ' '
-1 -0.5 0 0.5 1

Standardised Mean Difference (95% Cl)

CBT = cognitive behavioral therapy, SMD = standardized mean difference, Cl = confidence interval.

Supplementary table S4a: Forest plot with anxiety symptoms as the outcome

Source

Espahbodi 2015 Psycho-education (n=60)
Haghighat 2019a Synbiotics (n=50)
Haghighat 2019b Probiotics (n=50)

Lerma 2017 CBT (n=60)

Thomas 2017 Mindfulness (n=41)

Wang 2015 Radix Bupleuri root (n=160)
Total

Heterogeneity: xg =5.38 (P =.37), ?=7%

CBT = cognitive behavioral therapy, SMD = standardized mean difference, Cl = confidence interval

SMD (95% CI)

-0.38[-0.89; 0.13] —@—f—

-0.44 [-1.00; 0.12] E—

-0.31[-0.87; 0.25] m

-0.24 [-0.77; 0.29] —_—

0.40 [-0.21; 1.02] ; =

-0.35 [-0.66; ~0.04] —

-0.25 [-0.54; 0.05] l<‘>- | |
-1 -05 0 05 1

Standardised Mean Difference (95% Cl)

Supplementary figure S4b: Forest plot with quality of life as the outcome

Source SMD (95% ClI)
Cukor 2014 CBT (n=65) 0.18[-0.31; 0.68] . -
Duarte 2009 CBT (n=90) 0.26 [-0.15; 0.68] )
Duarte 2009 CBT (n=90) 0.66 [ 0.24; 1.09] ——
Lerma 2017 CBT (n=60) 0.73[0.19; 1.27] —
Wang 2015 Radix Bupleuri root (n=160) 0.27 [-0.04; 0.58] ——
Total 0.40[ 0.10; 0.70] —~
Heterogeneity: x2 = 4.66 (P = .32), 1> = 14% f T T I

-1 -0.5 0 0.5 1

Standardised Mean Difference (95% Cl)

CBT = cognitive behavioral therapy, SMD = standardized mean difference, Cl = confidence interval
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Supplementary figure S5a. Risk of Bias of included studies
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Supplementary figure S5b. Risk of bias summary per type of bias
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Supplement S6:

Table S6a: Effectivity of treatment for symptoms of Anxiety

First author Type of Anxiety scale Outcome
intervention SMD (95%Cl)

Espahbodi Group psycho-ed. HADS-A -0.38 [-0.89; 013]
3 sessions

Haghighat Synbiotic HADS-A -0.44 [-1.00; 0.12]
Probiotic -0.31 [-0.87; 0.25]
3 months

Lerma CBT group BAI -0.24 [-0.77; 0.29]
5 sessions

Thomas Mindfulness GAD-7 0.40[-0.21; 1.02]
13 sessions

Wang Radix Bupleuri HADS-A -0.35 [-0.66; -0.04]
12 weeks

Yazici Escitalopram HAM-A -
8 weeks

BAI = Beck Anxiety Inventory , CBT = cognitive behavioral therapy, Cl = confidence interval, GAD-7 = General
Anxiety Disorder-7, HADS-A = Hospital Anxiety Depression Scale — Anxiety, HAM-A = Hamilton Rating Scale for
Anxiety , SMD = standardized mean difference.

Table S6b: Effectivity of treatment for quality of life

First author Type of QoL Outcome
intervention SMD (95%Cl)

Cukor CBT individual KDQOL-SF 0.18 [-0.31; 0.68]
10 sessions

Dashti-Khavidaki Omega-3 SF-36 -
16 weeks

Duarte CBT group KDQoL-SF 0.26 [-0.15; 0.68]
12 sessions 0.66 [0.24; 1.09]

Lerma CBT group 5 Qol Scale 0.73[0.169; 1.27]
sessions

Vogt ACT EQ-5D-5L -
6 sessions

Wang Radix Bupleuri SF-36 0.27[-0.04; 0.58]
12 weeks

CBT = cognitive behavioral therapy, Cl = confidence interval, EQ-5D-5L = 5 level EuroQol five dimension scale,
KDQOL-SF = Kidney Disease Quality of Life Scale, SF-36 = Medical Outcome Study 36-item Short Form Health
Survey, SMD = standardized mean difference, QoL scale = QoL Profile in the Chronically Ill scale.
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Supplement S7a: Funnel plot including all studies from the pooled analysis
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Supplement S8: Baujat plot for exploring heterogeneity in the meta-analyses.
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Supplement $10: PRISMA checklist

Section/topic #  Checklist item Reported

on page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured 2 Provide a structured summary including, as applicable: background; 2

summary objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic
review registration number.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already ~ 4-5
known.

Objectives 4 Provide an explicit statement of questions being addressed with 5
reference to participants, interventions, comparisons, outcomes, and
study design (PICOS).

METHODS

Protocol and 5 Indicate if a review protocol exists, if and where it can be accessed 6

registration (e.g., Web address), and, if available, provide registration information
including registration number.

Eligibility 6  Specify study characteristics (e.g., PICOS, length of follow-up) and 6

criteria report characteristics (e.g., years considered, language, publication
status) used as criteria for eligibility, giving rationale.

Information 7 Describe all information sources (e.g., databases with dates of 6

sources coverage, contact with study authors to identify additional studies) in
the search and date last searched.

Search 8 Present full electronic search strategy for at least one database, 6, 30-31
including any limits used, such that it could be repeated.

Study selection 9  State the process for selecting studies (i.e., screening, eligibility, 6
included in systematic review, and, if applicable, included in the meta-
analysis).

Data collection 10 Describe method of data extraction from reports (e.g., piloted forms, 7

process independently, in duplicate) and any processes for obtaining and
confirming data from investigators.

Data items 11 List and define all variables for which data were sought (e.g., PICOS, 7
funding sources) and any assumptions and simplifications made.

Risk of bias in 12 Describe methods used for assessing risk of bias of individual studies 7

individual (including specification of whether this was done at the study or

studies outcome level), and how this information is to be used in any data
synthesis.

Summary 13 State the principal summary measures (e.g., risk ratio, difference in 7-8

measures means).

Synthesis of 14 Describe the methods of handling data and combining results of 7-8

results studies, if done, including measures of consistency (e.g., 1?) for each
meta-analysis.

Risk of bias 15 Specify any assessment of risk of bias that may affect the cumulative 7

across studies evidence (e.g., publication bias, selective reporting within studies).

Additional 16 Describe methods of additional analyses (e.g., sensitivity or subgroup  7-8

analyses analyses, meta-regression), if done, indicating which were pre-
specified.

RESULTS
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Study selection 17 Give numbers of studies screened, assessed for eligibility, and 9,27
included in the review, with reasons for exclusions at each stage,
ideally with a flow diagram.
Study 18 For each study, present characteristics for which data were extracted 9, 23
characteristics (e.g., study size, PICOS, follow-up period) and provide the citations.
Risk of bias 19 Present data on risk of bias of each study and, if available, any 10-11, 36
within studies outcome level assessment (see item 12).
Results of 20 For all outcomes considered (benefits or harms), present, for each 23,28
individual study: (a) simple summary data for each intervention group (b) effect
studies estimates and confidence intervals, ideally with a forest plot.
Synthesis of 21 Present results of each meta-analysis done, including confidence 9-10, 28
results intervals and measures of consistency.
Risk of bias 22 Present results of any assessment of risk of bias across studies (see 35
across studies Item 15).
Additional 23  Give results of additional analyses, if done (e.g., sensitivity or 33-34
analysis subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
Summary of 24 Summarize the main findings including the strength of evidence for 12-14
evidence each main outcome; consider their relevance to key groups (e.g.,
healthcare providers, users, and policy makers).
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and 12-14
at review-level (e.g., incomplete retrieval of identified research,
reporting bias).
Conclusions 26 Provide a general interpretation of the results in the context of other 15
evidence, and implications for future research.
FUNDING
Funding 27 Describe sources of funding for the systematic review and other 16

support (e.g., supply of data); role of funders for the systematic
review.
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Abstract

Background: Only a minority of dialysis patients with depressive symptoms are diagnosed
and receive treatment. Depressive symptoms are highly prevalent in this population and are
associated with adverse clinical outcomes. Underlying factors for this undertreatment may
be the lack of evidence for the safety and effectivity of antidepressant medication, the
reluctance of patients to adhere to antidepressant medication, the lack of mental healthcare
provision in somatic healthcare environments and end-stage renal disease (ESRD) related
physical limitations that complicate face-to-face psychotherapy. Guided Internet-based self-
help treatment has demonstrated to be effective for depressive symptoms in other chronic
patient populations and may overcome these barriers. The aim of this study is to investigate
the (cost) effectiveness of a guided Internet-based self-help intervention for symptoms of
depression in dialysis patients.

Methods: This study is a cluster randomized controlled trial (RCT) that investigates the
effectiveness of a 5-week Internet-based self-help Problem Solving Therapy (PST) for
depressive symptoms in dialysis patients. Depressive symptoms will be measured using the
Beck Depression Inventory — second edition (BDI-II), with a cut-off score of 210. We aim to
include 206 dialysis patients with depressive symptoms who will be cluster randomized to
the intervention or the Care as Usual (CAU) control group. Secondary outcomes will include
anxiety symptoms, quality of life, economic costs and clinical outcomes, such as
inflammatory factors and hair cortisol levels. Assessments will take place at baseline (T0), 2
weeks after intervention (T1) and 6 months (T2), 12 months (T3) and 18 months (T4) after
intervention. The control group will be measured at the same time points. Analysis will be
based on the intention-to-treat principle. Mixed models will be used to assess the changes
within each condition between pre-treatment and post-treatment.

Discussion: If demonstrated to be (cost) effective, Internet-based PST will offer new
possibilities to treat dialysis patients with depressive symptoms and to improve their quality
of care.

Trial registration: Dutch Trial Register: Trial NL6648 (NTR6834) (prospectively registered
13th November 2017).
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Background

Only in a minority of dialysis patients, depressive symptoms are diagnosed and treated.(1)
However, depressive symptoms are highly prevalent in this population and are associated
with adverse clinical outcomes.(2) These symptoms are a major burden to the individual
dialysis patient causing decreased quality of life and are associated with decreased
adherence to dialysis prescription and lifestyle advice, increased hospitalization and
decreased survival.(1, 3, 4) Furthermore, the social and economic costs related to depression
in the dialysis population are substantial. The effect of depressive symptoms on the increase
of health care costs seem to be independent of other factors, such as comorbidities, dialysis
aspects and demographic variables.(1, 4)

Depressive symptoms and its impairments do not remit spontaneously if left untreated.(5, 6)
Underlying factors for under-treatment of depressive symptoms with medication are a lack
of evidence for the safety and effectivity of antidepressant medication in dialysis patients(7,
8) and the reluctance of patients to adhere to antidepressant medication(9, 10).
Psychotherapy could be a safe alternative, with promising results in the few published trials
in the end-stage renal disease (ESRD) population.(11-13) However, barriers to receive
psychotherapy are the lack of mental healthcare provision in somatic healthcare
environments and ESRD related physical limitations such as fatigue and other physical
impairments that may reduce the ability of patients to attend face-to-face psychotherapy.

Guided online self-help cognitive behavioral treatment tailored to dialysis patients may be a
promising tool for treatment of depression in this population. A guided cognitive-behavioral
internet-based self-help intervention can overcome various barriers with respect to face-to-
face interventions as it is easy accessible, home or dialysis-based and can be followed in
one’s own limited time.(14) Self-help treatment has been proven effective in psychological
distress in people with and without chronic physical health conditions.(15-19) These self-
help interventions have proven equally effective in terms of reducing depressive symptoms
and adherence compared to face-to-face psychological interventions, when they are guided
by a therapist.(20) Feasibility trials with online self-help cognitive behavioral treatment in

dialysis patients show promising results but, to the best of our knowledge, no adequately
powered randomized controlled trial (RCT) has yet been performed.(16, 21-24)

A commonly used brief, structured, psychological intervention adapted for use in the
medical setting is Problem Solving Therapy (PST). PST is based on the assumption that
depressive symptoms are caused by difficulties patients encounter in life. The goals are to
teach a structured problem-solving technique to help solve the patients’ current problems
and to provide a sense of mastery and self-control by providing a positive experience of
problem-solving.(25, 26)

Besides the lack of evidence for the effectiveness of treatment on improving depressive
symptoms in dialysis patients, more insight is needed in the possible mechanisms that are
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involved between somatic markers and depressive symptoms in this patient population.
Numerous studies have suggested a parallel inflammatory pathway between depression and
ESRD via elevated levels of inflammatory cytokines(27) or a relation between hyperactivity
of the hypothalamic-pituitary-adrenal (HPA) axis and depressive symptoms(28). These
pathways are not yet fully understood and are founded on associations found in
observational studies. Monitoring changes in stress and inflammatory markers pre- and
post-treatment may provide insight in the direction of the hypothesized causal pathways.

There are no adequately powered studies that have examined the effectiveness of guided
Internet-based self-help treatment in dialysis patients. Data from applying PST in other
medical settings and from smaller feasibility trials in dialysis patients show promising results
in improving depressive symptoms. We hypothesize that this intervention will lead to lower
depressive symptoms, is better accessible and can be offered at low costs.(29, 30) The aims
of this RCT are therefore multiple. First, we will evaluate clinical and cost-effectiveness of a
guided internet-based self-help PST for dialysis-patients on the primary outcome measure of
depressive symptoms. Secondly, we will examine the effect on the secondary outcome
measures anxiety and quality of live. And thirdly, we will examine biochemical mechanisms
of depression by investigating changes in inflammatory parameters and hair cortisol levels
pre- and post-treatment.

Methods
Study design

This study is a multicenter, cluster RCT with an active intervention arm and a Care as Usual
(CAU) control arm. The intervention is a guided 5-week Internet-based self-help PST
treatment, offered on tablet-computers during dialysis sessions. The internet-based
treatment is based on face-to-face PST and is guided by a therapist, who gives individual
feedback to the patients via the online portal. Eligible and consenting patients will be
assessed at baseline (T0), within 2 weeks after the intervention (T1), at 6 months (T2), at 12
months (T3) and at 18 months (T4) after intervention. The control group will be assessed at
the same time points. Data will be collected by self-reported questionnaires during dialysis
sessions. In parallel we will conduct an economic evaluation in order to assess cost-
effectiveness and monitor changes in stress and inflammatory markers pre- and post-
treatment to examine biochemical mechanisms of depression.

The study protocol, information brochure and informed consent were approved by the
Medical Ethics Committee of MEC-U, Nieuwegein, the Netherlands (registration number:
NL58520.100.17). Protocol modifications will be reported to and approved by the Medical
Ethics Committee before implementation in the trial. Written informed consent is obtained
from all participants. Figure 1 displays the flow diagram of the study design. This protocol is
written in accordance with the SPIRIT guidelines.
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Recruitment

Dialysis patients will be recruited from 18 participating dialysis centers in 10 cities in the
Netherlands. A list of study sites can be found in supplement 1. We will approach and inform
all eligible dialysis patients in the participating centers about the study in close collaboration
with all stakeholders, such as nephrologists, nurses and social workers. The treating
nephrologist will inform the patient on the trial and introduces the research assistant in the
dialysis center. If patients are willing to participate, written informed consent will be
obtained by the research assistant. The attending nephrologist will be informed about
participation. After giving consent, patients will be requested to complete a self-assessment
questionnaire (TO) on depressive symptoms, anxiety symptoms, quality of life, dialysis
symptoms and several socio-demographic questions. Blood and hair samples will be taken
and stored for analysis of inflammatory parameters and cortisol levels.

Trial inclusion criteria

Chronic, adult dialysis patients, defined as being (i) 18 years or older and (ii) >90 days on
dialysis treatment, who are (iii) able to fill in a questionnaire in Dutch and have (iii) a
depressive symptoms score of 10 or higher on the Beck Depression Inventory — second
edition (BDI-I1)(31), will be randomized to the intervention or control arm. This cut-off value
of 10 showed promising results in earlier feasibility trials.(21, 23)

Observational cohort inclusion criteria

Chronic, adult dialysis patients who are excluded from the randomization because of a low
score on the BDI-Il or patients who have insufficient Dutch language skills, are offered to
participate in a parallel observational cohort study. Questionnaires will also be available in
Arabic, English and Turkish. In this manner we will gain information on the excluded patients
and thus the generalizability of the results, which could aid in the implementation in clinical

practice.
Exclusion criteria

Patients will be excluded if they are actively suicidal. If patients report suicidal ideations on
item 9 of the BDI-Il “suicidal thoughts and wishes” by scoring ‘2’ (“l would like to kill myself”)
or ‘3’ (“I would kill myself if | had the chance”), suicide risk will be further assessed by a
study doctor under supervision of a psychiatrist. If the patient is actively suicidal, the patient
will be excluded from the study and the attending nephrologist will be informed and advised
to refer the patients for adequate safety and treatment.

171



a Chapter 8

Figure 1: CONSORT flow diagram
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Randomization

Cluster randomization will be applied to reduce possible contamination between both arms
of the trial. Participants will be cluster-randomized in a 1:1 allocation to the intervention or
CAU after baseline measurements (T0). Clusters will be based on the shift of the dialysis
session per dialysis center. The average dialysis center has 4 major shifts: Monday morning,
Monday afternoon, Tuesday morning and Tuesday afternoon. A total of 72 clusters of
average 3 patients in 18 participating dialysis centers will be present in our study. Clusters
will be randomized using stratified blocks per participating dialysis center.

Randomization will be performed and registered by an automated computer software
program to ensure independent allocation. Baseline measurements will be completed prior
to randomization. The coordinating researcher assigns the intervention to participants.
Although the treating nephrologist will not be actively informed about the depression score
and allocation, we do not consider them blinded as patients and investigators will not be
blinded. Outcome assessors are blinded and data analysts will be blinded until primary
analysis will be performed.

172



Study protocol DIVERS-II

Intervention

The internet-based self-help intervention examined in this study is an online psychotherapy,
based on PST principles.(26) PST focusses on developing coping skills and is concentrated on
practical problems which people face in their daily lives. An existing evidence based internet
version of PST, which has proven to be effective in similar somatically ill patient
populations,(30), was adjusted for use in the dialysis population, while conserving the intent
of the original PST-based intervention. Modifications concerned additional information
about dialysis treatment and its psychosocial consequences, real-life examples from dialysis
patient focus groups and transforming the written information into easily understandable
animations. The text and animations were rewritten to comply with a ‘B1’ language
reference level.(32)

The intervention consists of five modules with explanatory text, animations, figures and
exercises and is called “‘Worry Less for Dialysis Patients’ (in Dutch: “Minder Zorgen voor
Dialyse Patiénten”). Patients are requested to complete 1 session each week and to finish
the module within 6 weeks. However, there will be a possibility to extend this period up to
10 weeks, which will be documented. Patients are offered to complete the sessions on a
tablet computer provided by this trial during dialysis sessions, but if preferred it can also be
done from home on a private tablet or computer. If patients are unfamiliar with tablet
computers, they are offered the opportunity to receive a printed booklet of the intervention.
If patients have problems with the use of the tablet due to unfamiliarity, physical limitations,
shunt use in the dominant arm of Dutch writing problems, they will be supported by a
member of the research team, which will be documented. Supported care within the module
is provided by a trained therapist and consists of weekly online feedback on their
assignments. Patients have the possibility to request their therapist for additional support
via the website. Treatment non-adherence and drop-outs will be discussed with the patients.
Reasons for not completing the modules and patient satisfaction will be obtained via a short

evaluation questionnaire. If a patient expresses suicidal ideations in the assignments of the
intervention, suicide risk will be assessed over telephone by the supporting therapist under
supervision of a psychiatrist. If the patient is actively suicidal, the patient will be excluded
from the study and the attending nephrologist will be informed and advised to refer the
patient for adequate safety and treatment.

Control

Patients randomized to the control group do not receive Internet-based PST during standard
hemodialysis treatment. Both patients in the intervention and in the control group are free
to accept any medical or psychological intervention during the study (CAU). The received
mental healthcare will be monitored through electronic patient records and self-reported
healthcare utilization.
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Feasibility

In 2016 we conducted a feasibility test with 15 patients from different age categories in the
dialysis clinic of the OLVG-West hospital in Amsterdam. Every patient was given a tablet
computer with one of the modules of the PST intervention. Patients evaluated the course
with a grade of 7 out of 10. The instruction and lay-out was clear for most of the patients,
respectively 75% and 90%. The introduction and several explanatory texts were adjusted
according to suggestions from participants in the feasibility test and patient focus groups.

Initially we used BDI>13 as inclusion criteria. Due to new available research in feasibility
trials we amended the protocol to BDI >10 which has been approved by the Medical Ethics
Committee MEC-U.(21, 23)

Outcome measures
Patient characteristics

Demographic self-reported items in the questionnaire will include postal code, marital
status, number of children, education, profession, ethnicity, payed labor hours, smoking,
alcohol usage and psychiatric disorders in the family. Data extracted from patient files will
include gender, age, dialysis vintage, vascular entrance, registration on transplantation list,
somatic and psychiatric comorbidities according to Davies Comorbidity Index, body mass
index (BMI), primary cause of kidney failure, medication, routine laboratory measurements
and change in dialysis modality. Psychotherapy and medication usage will be registered
between follow-ups. The self-reported measurements will be conducted with printed self-
reported questionnaires handed out during the dialysis session of the participants. Table 1
describes the measures used at each assessment point.

Primary outcomes

Depressive symptoms are assessed using a self-questionnaire, the BDI-11.(33, 34)
Respondents are asked to rate how much each of these symptoms bothered them in the
past week, on a scale ranging from 0 (not at all) tot 3 (severely). The total score has a
minimum of 0 and a maximum of 63. Treatment response will be based on the change in
depressive symptoms defined by a change in the sum score of the BDI-II. The BDI-Il has been
validated and extensively used in the dialysis setting.(2, 31, 35) Furthermore, the Quick
Inventory of Depressive Symptomatology (QIDS-SR16) self-report questionnaire will be used
to assess the specific depressive symptoms, its severity and its symptom domains.(36)

Secondary outcomes

Secondary outcome assessment based on self-report will include measures of anxiety,
quality of life, health care utilization and the prevalence, severity and impact of symptoms in
dialysis patients. Anxiety will be assessed with the Beck Anxiety Inventory (BAl).(37) Quality
of life will be measured using the Short Form-12 (SF-12). The 12-item Short Form Health
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Survey was developed for patients with chronic conditions. The SF-12 has been validated
and frequently used in the dialysis patient groups.(38) Prevalence, severity and impact of
symptoms of dialysis will be assessed with the Dialysis Symptom Index (DSI).(39) Clinical
outcomes include mortality and hospitalization. Mortality is measured using the European
Renal Association — European Dialysis and Transplant Association (ERA-EDTA) coding system
to make differences between cardiovascular and non-cardiovascular mortality.
Hospitalization is defined as the number and reason of hospital admissions from baseline till
end of the study period.

Table 1: Summary of measures

Measure TO: baseline T1: 2 weeks T2: 6 months T3-T4: 12-18 months
posttreatment  posttreatment posttreatment

Self-report measures

Demographics X

BDI-II X X X X
BAI X X X X
QIDS-SR16 X X X X
SF-12 X X X X
EQ-5D X X X X
DSI X X X X
Short Tic-P X X X X
Hair questionnaire X X X

Evaluation of X

intervention

Other

Data extraction from X X X X
patients files

Biochemical parameters  x X X X
Hair cortisol X X X

Economic evaluation

A validated health-related quality of life instrument will be used to assess quality-adjusted
life years (QALY) health gains. For this purpose, we will use the Dutch version of the 5 level
EuroQol five dimension scale (EQ-5D), a generic quality of life instrument which comprises of
five domains: mobility, self-care, usual activities, pain/discomfort and anxiety/depression.
The EQ-5D index is obtained by applying predetermined tariffs (utility weights) to the five
domains. The Dutch tariffs of the EQ-5D will be used for computing the QALYs.(40) This index
provides a societal-based global quantification of the patient’s health status. Furthermore,
the EQ-5D will be compared with the SF-12 health related quality of health questionnaire,
which is used often in patients on chronic dialysis therapy. Healthcare usage will be
measured using part one of the Tic-P self-report together with data from patient files.(41)
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Inflammatory factors and cortisol

Besides data on biochemical parameters extracted from patient files, blood samples will be
taken to measure cytokines interleukin 1-beta (IL-1B), IL-6, IL-10, high sensitivity C-reactive
protein (Hs-CRP) and tumor necrosis factor alpha (TNFa). Peripheral blood before dialysis will
be collected in anticoagulant-free EDTA and serum tubes. All samples will be immediately
centrifuged at 1200g for 10 min and stored in aliquots at -80 °C until analysis. Hair samples
will be taken from the back of the head as close as possible to the scalp to measure mean
cortisol concentrations from the past 3 months.(42)

Data management and monitoring

Patient flow in the participating centers will be organized using a secured tailor-made Access
database. The decoding list will be kept in the Investigator Site File in a secured place in the
dialysis department. Data-entry will be coded and entered in Castor.(43) Range limitations
will be built into Castor to prevent misclassification and measurement error. Research
assistants will be trained in data collection and data entry to enhance data quality.

The risk of this trial is classified as ‘negligible’ and a study specific monitoring plan is created
in close corporation with the data monitoring committee which includes double data entry
checks. If deemed necessary by the monitoring committee, monitoring can be intensified.
No adverse events are to be expected specifically related to this intervention. Actively
suicidal participants will be excluded from the trial as described above.

Sample size

The power calculation is based on the comparison between T1 to TO between the
intervention and the control group. We took the conservative small to medium effect size
(Cohen’s d=0.4) on the primary outcome measure, while using a power 0.80, with alpha set
on .05. Therefore, a total set of N=99 patients is required in each arm. The design effect of
cluster-randomization is estimated to be 1.04. After adjustment for cluster randomization,
sample size is calculated to be N=206 in total (103 per arm).

Statistical analysis

We will quantify the flow of participants through the study using frequencies and
percentages in accordance with the SPIRIT flow diagram shown in figure 1. Missing data will
be reported and discussed in the manuscripts on the trial. Depending on the type of missing
data, multiple imputation will be used to handle missing data. Descriptive statistics will be
used to describe non-consent, treatment adherence and completion, drop-out and
exclusion. The main analysis to assess the effectiveness of the intervention will test
differences in the change in depression scores pre-and post-treatment between the
intervention and control arms. Analysis will be done per intention to treat principle.
Differences in change in depressive symptoms and other continuous secondary outcomes
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between intervention and control will be assessed using mixed models with the respective
clusters, centers and baseline scores as covariates. The analyst will be blinded to the
treatment group allocation. Treatment effect over time will be tested by adding a
group*time interaction term into the model. Regression models will be used to explore
(biochemical) mechanisms. Multivariable adjustment will be done deliberately within the
causal pathway in order to explain potential mechanisms.

Economic analysis

The economic evaluation will be conducted in two ways. First, we will conduct a cost-
effectiveness analysis (CEA) with treatment response as the clinical outcome of interest.
Second, we will conduct a Cost-Utility Analysis (CUA) using QALYs as a generic measure of
health gains. Both CEA and CUA will be conducted from both the societal perspective
(including indirect costs) and the health care perspective (direct healthcare costs). Analysis
will be conducted using an intention to treat principle.

The Incremental Cost-Effectiveness Ratio (ICER) will be computed to obtain costs per
treatment response and the costs per QALY gained. For decision-making purposes, the ICER
acceptability curve will be plotted for various Willingness-To-Pay (WTP) ceilings, which helps
to making judgements whether the intervention offers good value for money relative to CAU
or no treatment.

Trial status

Enrolment for the trial started in January 2018. At the moment of submission of this
manuscript, recruitment of participants is still open.

Dissemination policy

Trial results will be published as manuscripts in international peer reviewed journals and
information bulletins to participants and personnel of participating dialysis centers. In close

corporation with the Dutch Kidney Patient organization, we will disseminate the trial results
among dialysis patients throughout the Netherlands. No professional writers will be used
during the writing of the manuscripts. Authorship eligibility guidelines according to the
international committee of medical journal editors (ICMJE) will be applied to all submitted
manuscripts.
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Discussion

There is a need for adequately powered RCT’s to assess the effectiveness of treatment
options for depressive symptoms in dialysis patients, as evidence is currently lacking. In
order to conduct a high-quality trial, a multidisciplinary team with various experts related to
dialysis and depression was involved in the development of the intervention and the study
design. This trial may provide insights on the effectiveness, feasibility and applicability of
Internet-based self-help PST in the dialysis population.

This study has several limitations. First, the intervention may not be applicable for patients
with cognitive impairment, illiteracy, other cultural background or insufficient Dutch
language skills. Second, Internet-based treatment on tablet-computers might not be suitable
for dialysis patients who are not familiar with the Internet or tablet-use, or who suffer from
vascular disease related problems such as impaired vision or polyneuropathy of their hands.
Both of these problems will be solved by offering assistance by the study team during the
intervention which will be documented, furthermore patients can be provided with a printed
version of the intervention. Third, drop-out rates are high for internet-based self-help
interventions in other populations(29, 30), to cope with this problem we embed the
intervention in routine care in the dialysis departments during dialysis treatment with
frequent face-to-face interaction with the participants, which will make it easier to prevent
early termination. Furthermore, we aim to provide insight in the reasons for termination or
non-participation in this study.

If demonstrated to be (cost) effective, Internet-based PST offers new possibilities to treat
many dialysis patients with symptoms of depression and to improve the quality of care. This
RCT is aimed at contributing to better recognition and adequate treatment of symptoms of
depression in dialysis patients in the future.
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Supplementary tables and files

Supplementary table S1: List of participating dialysis centers, corresponding cities and local

investigator

Dialysis centres City Local investigator

OLVG West Amsterdam C.E.H. Siegert, internist-

OLVG Oost Amsterdam nephrologist

Amsterdam University Medical Centres, location VUmc Amsterdam F. van Ittersum, internist-

Diapriva Amsterdam nephrologist

Niercentrum aan de Amstel Amstelveen

Haaglanden Medisch Centrum, Westeinde The Hague P. Chandie-Shaw, internist-

Haaglanden Medisch Centrum, Antoniushove The Hague nephrologist

HagaZiekenhuis Leyweg The Hague L.J. Vleming, internist-

HagaZiekenhuis Sportlaan The Hague nephrologist

HagaZiekenhuis DialyseCentrum Zoetermeer Zoetermeer

Jeroen Bosch Ziekenhuis Den Bosch E. Hoogeveen, internist-
nephrologist

St. Antonius Ziekenhuis Nieuwegein W.J.W. Bos, internist-

St. Antonius Dialysecentrum Tiel Tiel nephrologist

Maasstad Ziekenhuis Rotterdam M. Dekker-de Bie, internist-
nephrologist

Franciscus Gasthuis Rotterdam M. Westerman, internist-

Franciscus Vlietland Schiedam nephrologist

Tergooi Ziekenhuis Hilversum M. Schouten,

Dialysecentrum ‘t Gooi Hilversum internist-nephrologist

*Local investigators are responsible for the coordination of the trial in the corresponding dialysis centres.

Research assistants will work in close cooperation with the local investigators to implement this study and

improve uniform inclusion and data collection.
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Abstract

Background and objectives: Depressive symptoms are highly prevalent in the hemodialysis
population and are associated with adverse clinical outcomes. There is a need for safe and
effective treatment of depressive symptoms in these patients. The aim of this study is to
investigate the effectiveness of a guided internet-based self-help intervention for
hemodialysis patients with symptoms of depression.

Design, setting, participants, and measurements: Chronic hemodialysis patients from nine
Dutch hospitals with a depression score on the Beck Depression Inventory — second edition
(BDI-II) of 210, were cluster-randomized into a five-week guided internet-based self-help
intervention based on problem solving therapy or a parallel care-as-usual control group.
Clusters were based on hemodialysis shift to prevent contamination. The primary outcome
depression was measured with the BDI-Il. Secondary outcomes were anxiety symptoms,
quality of life and dialysis symptoms. Analysis was done with linear mixed models.

Results: A total of 190 hemodialysis patients were cluster-randomized to the intervention
(n=89) or control group (n=101). Post-intervention measurement was completed by 127
patients (67%) and more than half of the patients (54%) completed the intervention. No
significant differences were found on BDI-Il score between the groups (mean difference -0.1,
95%Cl -3.0; 2.7, p=0.94). Per protocol sensitivity analysis showed comparable results. No
significant differences in secondary outcomes were observed between the groups.

Conclusions: Guided internet-based self-help problem solving therapy for hemodialysis
patients with depressive symptoms does not seem to be effective in reducing these
symptoms as compared to usual care. Future research should examine how to best design
content and accessibility of an intervention for depressive symptoms in hemodialysis
patients.
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Introduction

Depressive symptoms are common in hemodialysis patients and are associated with adverse
clinical outcomes such as decreased quality of life, increased hospitalization and mortality.(1-
4) Despite its high prevalence and negative consequences only a minority of dialysis patients
with depressive symptoms are diagnosed and treated due to poor recognition of depressive
symptoms, unwillingness of patients to seek help and the stigma attached to a diagnosis of
depression and its treatment.(1, 5)

Evidence for the effective treatment of depression in dialysis patients is scarce.(6-8)
Therefore, there is a need for save and effective treatment of depressive symptoms.(5)
Although a recent trial shows a modestly better effect of sertraline in lowering depressive
symptoms than psychotherapy, evidence on the safety and effectiveness of antidepressant
medication in dialysis patients is sparse and inconclusive.(9-11) Cognitive behavioral therapy
(CBT) is an effective treatment for persons with depression in general as well as in patients
with medical conditions.(12-14) CBT seems promising in decreasing depressive symptoms as
well as improving quality of life in dialysis patients based on limited evidence from small trials
with per protocol analysis.(15-17)

CBT treatment protocols are not yet part of routine dialysis care and research regarding
optimal delivery methods are required.(18) End stage renal disease related physical limitations
such as fatigue and the high burden of health care contacts of dialysis patients may reduce
the ability and willingness of patients to attend face-to-face psychotherapy.(16, 18) A possible
alternative for face-to-face treatment is Internet delivered self-help CBT (ICBT) as it is easy
accessible and of proven effectiveness, also in populations with other chronic somatic
conditions.(19-24), Two non-controlled feasibility trials on ICBT in dialysis patients provide
encouragement that this is a feasible and innovative option for effective psychological
treatment for depression.(25, 26) Up to now, no randomized controlled trials have been
performed on ICBT in dialysis patients.

A cognitive behavioral method that is commonly used to develop sufficient coping skills in
patients with depressive symptoms is problem solving therapy (PST).(27-29) An Internet-
based version of PST (IPST) has already been developed and is effective in reducing depressive
symptoms in the general population.(30) However, the effect of IPST has not yet been
investigated in dialysis patients.

This cluster RCT investigates the effectiveness of a guided IPST tailored to hemodialysis
patients. The primary outcome is depressive symptoms and secondary outcomes are anxiety
symptoms, health-related quality of life (HRQoL) and dialysis symptoms.
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Materials and methods

Trial design

This study is a multicenter cluster RCT with an active guided self-help IPST arm and a parallel
care as usual control arm. Cluster randomization was chosen to prevent contamination
between participants from the intervention and control group, which might occur when
control participants learn about the intervention and adopt it themselves. Inclusion ran from
January 2017 through March 2020. Eligible and consenting hemodialysis patients were
assessed at baseline (TO) and 12 weeks after randomization (T1). The extensive description of
the study has been published earlier.(31) The study was approved by the Medical Ethics
Committee of MEC-U, Nieuwegein, the Netherlands (registration number: NL58520.100.17).
Written informed consent was obtained from all participants. This study is carried out in
accordance with de declaration of Helsinki and the CONSORT 2010 statement: extension to
cluster randomized trials.(32)

Participants

Hemodialysis patients were recruited from 18 participating dialysis centers affiliated with nine
hospitals across the Netherlands. All patients were assessed for eligibility. Chronic, adult
hemodialysis patients with increased levels of depressive symptoms (score of 210 on the Beck
Depression Inventory — second edition (BDI-11)), who were willing to take part in an IPST self-
help course were eligible to participate in the study.(33, 34) Chronic hemodialysis is defined
as >90 days on treatment. Potential participants were excluded if they were actively suicidal
or did not have a sufficient command of the Dutch language necessary to participate in the
study. Suicidality was assessed by a study doctor under supervision of a psychiatrist if patients
reported suicidal ideations on item 9 of the BDI-II.

Intervention

All participants in the clusters allocated to the intervention were offered an individual
evidence based guided IPST.(30) While the intent of the original PST-based intervention was
conserved, the IPST was adjusted for use in the hemodialysis population and real-life examples
from dialysis patient focus groups were added (Supplemental file 1). The intervention
consisted of five modules that participants had to finish within 10 weeks on tablet-computers
during hemodialysis sessions or at home if preferred. Individual feedback on the patients’
assignments was provided on a weekly basis by a therapist via the online portal. Participants
could request support on the use of the tablet-computer. Patients who completed at least
three modules were considered treatment completers because the core concepts of the IPST
were covered in the first three modules.(35)
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Patient characteristics and outcomes

At baseline, socio-demographic and clinical data were extracted from the questionnaire and
electronic patient files. The primary cause of kidney disease was classified according to the
European Renal Association—European Dialysis and Transplant Association (ERA-EDTA) coding
system.(36) The Davies comorbidity index was used to define the level of comorbidity.(37)

The primary outcome depressive symptoms was measured with the BDI-II. The BDI-Il contains
21 items, in which respondents are asked how much these symptoms have bothered them in
the past two weeks with a total score between 0 and 63 with higher scores indicating more
severe depression. A score above 10 means mild symptoms of depression.(33, 38) The BDI-II
has been validated and extensively used in the dialysis setting.(39, 40) The minimal clinically
important difference of the BDI-Il is defined as a 17.5% reduction in BDI-Il score.(41)

Secondary outcome assessments included anxiety symptoms with the Beck Anxiety Inventory
(BAI), consisting of 21 items with a similar scoring system to the BDI-Il.(42) HRQoL was
measured with the Short Form-12 (SF-12), consisting of 12 items of which a Mental
Component Summary score (MCS) and a Physical Component Summary (PCS) score can be
calculated on a scale of 0 to 100, where higher scores reflect better HRQoL.(43-46) The
prevalence and impact of dialysis symptoms were measured with the Dialysis Symptom Index
(DSI), containing 30 items on which patients were asked to report the presence (yes/no) and
to which degree the symptom was bothersome using a five-point Likert scale (1= not at all
bothersome to 5 = bothers very much).(47, 48)

Sample size

The power calculation was based on the comparison of T1 minus TO in the intervention versus
the control group. We took the conservative small to medium effect size (Cohen’s d=0.4) on
the primary outcome measure, while using a power 0.80, with alpha set on .05 and an attrition
rate of 30% (as seen in other internet-based therapies for patients with depressive
symptoms).(27) Therefore, a total set of N=99 patients was required in each arm. The design
effect of cluster-randomization was estimated to be 1.04. After adjustment for cluster
randomization, sample size was calculated to be N=206 in total, 103 patients per arm.

Randomization and blinding

Cluster randomization was performed by an automated computer software program to
ensure independent allocation. Clusters were based on the hemodialysis shift, being Monday-
Wednesday-Friday and Tuesday-Thursday-Saturday. Baseline measurements were completed
for all participants in the cluster prior to randomization. A total number of 36 clusters of
average 5.3 patients (range 1-8) were randomized using stratified blocks per participating
dialysis center. Cluster size varied among clusters as it was dependent on how many patients
agreed to fill out the BDI-Il and scored = 10 in a given dialysis shift. Outcome assessors were
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blinded and data analysts were blinded until all data collection was completed and the first
analysis was performed.

Statistical analysis

Descriptive statistics were used to describe baseline characteristics, treatment adherence and
dropout. Differences in BDI-Il score and other continuous secondary outcomes between
intervention and control group were assessed using linear mixed models, adjusted for baseline
scores, center and cluster (supplemental file 2). The intra-cluster correlation coefficient (ICC)
was calculated for the primary outcome (depressive symptoms). = Analyses were done per
intention to treat principle. Per protocol analysis on treatment completers versus control was
done as sensitivity analysis. Post-hoc exploratory subgroup analyses were performed on sex,
age, immigrant status, education level, depression severity (mild, moderate and severe) and
computer literacy. The analyst was blinded to the treatment group allocation. All statistical
analyses were performed using SPSS for Windows, version 27 (IBM Corp).

Results

Participant flow

The participant flow is presented in Figure 1. In total, 1477 patients were assessed for
eligibility of which 30% did not meet the study criteria and 40% refused to participate. A total
of 190 patients were cluster-randomized to IPST (n= 89) or the control group (n= 101) based
on hemodialysis shift. No patients had to be excluded because of active suicidality. At T1,
dropout rates were somewhat higher in the intervention group (n=35, 39%) than in the control
group (n=33, 33%).

Baseline characteristics

Baseline demographics and clinical characteristics of included patients are shown in Table 1.
Patients who were lost to follow-up were more likely to be of migration background (52%
versus 39%, p=0.09), to be married (52% versus 35%, p=0.14) and to be on the waiting list for
a kidney transplant (38% vs 27%, p=0.30) (Supplemental Table S3).

Treatment adherence

Of 89 patients in the intervention group, 71 (80%) patients started the allocated intervention
and 48 (54%) completed at least three modules and were considered treatment completers
(Figure 1). Thirteen participants (18%) who started the intervention needed assistance with
the use of the tablet computer and 32 (45%) also needed help with filling out the exercises.
Average duration of the treatment for treatment-completers was 7.3 + 2.2 weeks. Reasons
for not starting the intervention or dropout were health problems or hospitalization (n=16),
no motivation (n=12), death or dialysis withdrawal (n=4), receiving a kidney transplant (n=4),
dissatisfaction with the treatment (n=4) or cognitive problems (n=1). There were no
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significant differences between completers and non-completers in baseline characteristics
(Supplemental Table S3).

Figure 1: Consort Flow Diagram

[ Enrollment ]
Assessed for eligibility (n=1477)
Excluded (n=1038)
s + Mot meeting inclusion criteria (n=448)
+ Declined to paricipate (n=589)
A 4
Signed informed consent (n=439)
Excluded (n=249)
+  BDI-Il <10 (n=190)
* +  BDI-Il unknown (n=38)
+  Insufficient Dutch (n=7)
+  Excluded after retroactive inclusion
¥ (n=16)"*
Cluster randomized (n = 190)
v [ Allocation ] L
J
Allocated to intervention (n= &9) Allocated to control (n= 101)
+ Received allocated intervention (n=71) + Received allocated intervention {(n=101)
»  Completed module 1 (n=68) + Did not receive allocated intervention (n=0)

= Completed module 2 (n=59)
=  Completed module 3 (n=48)
= Completed module 4 (n=45)
=  Completed module 5 (n=42)
+ Did not receive allocated intervention (n=18)**

Lost to follow-up (n=35) Lost to follow-up (n=33)
+ Died: 6 + Died: 9

| s ¢ Physicalillness: 12 | ¢ Physicalillness: 8
+ Kidney transplant: 5 + Kidney transplant: 5

-

Foreign country: 1

Foreign country: 1

¢+ No motivation: 11 + No moivation: 10

v [ Follow-Up -
T1 measurement completed (n=54) T1 measurement completed (n=68)

v [ Analysis ] l

s A

Analyzed Analyzed
+ Intention to treat (n=89) + Intention to treat (n=101)
+ Per protocol analysis (n=48) + Per protocol analysis (n=101)

* Reasons for exclusion after retroactive inclusion: BDI <10 at time of randomization.
**Reasons for not receiving allocated intervention: No motivation (n=5), physical illness (n=5), died (n=3),
receiving kidney transplant (n=2), participating in study in too confronting (n=2), cognitive problems (n=1).
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Table 1: Patient characteristics of 190 hemodialysis patients at baseline.

Characteristic All patients Intervention Control
(n=190) (n=89) (n=101)
Demographic
Age (year) 64 + 15 6315 6515
Male sex 117 (62%) 57 (64%) 60 (60%)
Immigrant* 83 (44%) 38 (43%) 45 (45%)
Country of birth
The Netherlands 124 (65%) 61 (69%) 63 (62%)
Social
Married/in a relationship 78 (41%) 39 (44%) 39 (39%)
Has Children 134 (71%) 63 (71%) 71 (70%)
Education**
Low 75 (40%) 33 (37%) 42 (42%)
Middle 81 (43%) 45 (51%) 36 (36%)
High 33 (17%) 11 (12%) 22 (22%)
Employed 14 (7%) 7 (8%) 7 (7%)
Renal and dialysis
Dialysis vintage (months) 26 [8 - 49] 23 [7.5-43.5] 32 [8.5-56]
Primary kidney disease
Renal vascular disease 39 (21%) 20 (23%) 19 (19%)
Diabetic nephropathy 56 (30%) 24 (27%) 32 (32%)
Glomerulonephritis 15 (8%) 6 (7%) 9 (9%)
Other 60 (32%) 29 (33%) 31 (31%)
Kt/Vurea at baseline 39+1.2 39+1.2 39+1.2
On waiting list for kidney transplant 59 (31%) 28 (32%) 31 (31%)
Residual diuresis of 2100ml/24h 113 (60%) 57 (64%) 56 (55%)
Clinical
Davies comorbidity score
Low comorbidity 34 (18%) 16 (18%) 18 (18%)
Moderate comorbidity 114 (60%) 54 (61%) 60 (59%)
High comorbidity 42 (22%) 19 (21%) 23 (23%)
Comorbid conditions
Diabetes mellitus 98 (52%) 45 (51%) 53 (53%)
Cardiovascular disease*** 162 (85%) 73 (82%) 89 (88%)
Laboratory
Hb (g/dL) 112413 10.9+1.2 11.5+1.3
Phosphate (mg/dL) 5.1+1.7 51+1.8 51+1.7
Albumin (g/L) 3.7+05 3.8+04 3.6+0.5
PTH (pg/mL) 38 +30 39+29 38 +32
Psychiatric
Psychiatric diagnosis in medical history
None 148 (78%) 67 (75%) 81 (80%)
Major depressive disorder 16 (8%) 6 (7%) 10 (10%)
Anxiety disorder 6 (3%) 5 (6%) 1(1%)
Other 32 (17%) 18 (20%) 14 (14%)
BDI-Il score 19.0+7.7 19.0+7.2 19.0+8.1
BAI score 13.8+10.5 13.0+9.9 146 +11.0
Current psychotherapy 18 (10%) 12 (14%) 6 (6%)
Current psychopharmic use
Antidepressants 37 (20%) 20 (23%) 17 (17%)
Benzodiazepine 38 (20%) 21 (24%) 17 (17%)
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Table 1 (continued)

Note: Values are presented as mean + standard deviation, median [interquartile range], or frequency
(percentage).

Abbreviations: BDI-Il, Beck Depression Inventory; BAI, Beck Anxiety Inventory; SSRI, selective serotonin
reuptake inhibitor; SNRI, Serotonin and norepinephrine reuptake inhibitors.

*Immigrant status is based on country of birth of both patient and biological parents of patient.
**Education: Low = primary education, middle = secondary education, high = higher professional education
and university.

***CVD = acute coronary syndrome, angina pectoris, percutaneous coronary angioplasty, coronary artery
bypass surgery, heart failure, peripheral arterial vascular disease, stroke, hypertension.

Improvement on outcome measures

The results of the intention to treat analysis are presented in Table 2. The scores on the BDI-
Il dropped by approximately 4 points (21%) in both the intervention and control group, but no
significant differences were found between the groups (-0.1, 95%Cl -3.0; 2.7, p=0.94). The
minimal clinically important difference, defined as 17.5% of the baseline BDI-Il score of 19.0,
is 3.3 points. Per protocol sensitivity analysis of 48 treatment completers compared to the
control group showed comparable results (-1.0, 95%Cl -4.0; 1.9, p=0.50) (Table 3). Post-hoc
analyses showed no significant differences in pre-specified subgroups (Supplemental Table
S4). Possible trends in favor of the intervention are seen in women, age <65 year, in moderate
baseline depression scores of BDI-Il between 19-28 and also in computer literate patients. The
secondary outcome scores of symptoms of anxiety, health related quality of life and dialysis
symptoms also improved, but differences found between the two study arms at T1 were not
significant either.

ICC was 0.029 for the primary outcome depression. The design effect of this study was 1.12
with a calculated effective sample size of n=169.

Treatment satisfaction

The IPST was rated with an average of 7.4 + 1.4 on a 10-point scale with 1 being the worst
rating and 10 the best rating. Most patients indicated that the IPST was clear (89%) and easy
to use (86%). The majority was satisfied with the frequency of feedback (88%) and rated the
quality of the feedback as good or excellent (82%).
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Table 2: Intention to treat Linear Mixed Model analyses of primary and secondary outcomes for the
intervention and control group.

Intervention Control Crude MD p- Adjusted MD p-
TO: n=89 TO: n=101 (95%CI1)* value (95%CI)** value
T1: n=54 T1: n=68 n=190 n=190
Primary outcome
Depression (BDI-II) TO 19.0+7.2 19.0+8.1
T1 14785 15.2+7.7 -0.2(-2.8;,2.4)  0.87 -0.1(-3.0;,2.7) 0.94
Secondary
outcomes***
Anxiety (BAI) T0O 13.0+9.9 14.6 +11.0
T1 11.9%9.0 11.2+8.5 2.0 (-0.5;4.5) 0.12 2.1(-0.7;4.8) 0.15
HRQoL (SF-12), T0 27.0+79 28.4+9.2
PCS T1 334+86 34.2+9.7 -1.0(-4.0;,2.0) 0.50 -1.3(-4.7;2.1) 0.45
HRQolL (SF-12), TO 48.5%10.0 49.0+10.1
MCS T1 50.2+94 48.0+9.4 1.0(-2.4;44) 0.55 0.1(-3.7;3.9) 0.96
Dialysis symptoms TO 155+6.6 14.6+5.9
(DSI), Presence score T1 13973 14.7£5.6 -1.4(-3.2,0.5) 0.14  -1.2(-3.2;0.8) 0.24
Dialysis symptoms TO 46.0%23.6 44,6 +22.5
(DSI), Bothersome T1 39.5+24.2 42.0+18.3 -1.4(-7.5;4.7) 065 -1.3(-7.9;5.4) 0.71
score

Note: Values are presented as mean + standard deviation.
Note: A positive MD represents a higher value in the intervention group, a negative MD represents a lower

value in the intervention group.

Note: BDI-Il and BAI score range 0-63, SF-12 score range 0-100, DSI symptom score range 0-30, DSI bothering

score range 0-150.

Abbreviations: MD, mean difference; Cl, confidence interval; BDI-II; Beck Depression Inventory — Second

edition, BAI; Back Anxiety Inventory, HRQoL, health-related quality of life; SF-12, 12-Item Short Form Health
Survey; PCS, Physical Component Summary; MCS, Mental Component Summary; DSI, Dialysis Symptom Index.
*Linear Mixed Model analysis with baseline scores as covariate.
**Linear Mixed Model analysis with the respective clusters, centers and baseline scores as covariates.
***Naive model without random intercept for center because convergence was not achieved.
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Table 3: Per protocol Linear Mixed Model sensitivity analyses of primary and secondary outcomes for
the intervention and control group.

Intervention Control Crude MD p- Adjusted MD p-
TO: n=48 TO: n=101 (95%CI1)* value (95%CI)** value
T1: n=41 T1: n=68 n=149 n=149

Primary outcome
Depression (BDI-II) TO 18.1+6.0 19.0+8.1
Tl 13.4+84 15.2+7.7  -0.9(-3.5;1.8) 053 -1.0(-4.0;1.9) 0.50

Secondary
outcomes***
Anxiety (BAI) TO 12.84109 14.6+11.0

T1 11.5+9.1 11.2+85 15(-1.2;43) 027 15(-1.5;4.6) 032
HRQolL (SF-12), TO 28975 28.4+9.2
PCS T1 34.8+838 34.2+9.7 -0.4(-3.7;3.0) 0.83 -0.5(-4.2;3.2) 0.79
HRQolL (SF-12), TO 48.0+9.6 49.0+10.1
MCS T1 50.6+9.7 48.0+9.4 1.4 (-2.3;5.1) 0.46 0.4 (-3.7; 4.5) 0.85
Dialysis symptoms TO 159+73 14.6+5.9

(DSI), Presence score  T1 13.9+7.4 147456  -15(-3.505) 013 -1.2(-3.4;09) 0.5

Dialysis symptoms TO 46.2+25.6 44.6 +22.5
(DSI), Bothersome T1 39.6+24.3 42.0+18.3 -1.8(-8.4;4.8) 058 -1.6(-8.8;5.6) 0.67
score

Note: Values are presented as mean + standard deviation.

Note: A positive MD represents a higher value in the intervention group, a negative MD represents a lower
value in the intervention group.

Note: BDI-Il and BAI score range 0-63, SF-12 score range 0-100, DSI symptom score range 0-30, DSI bothering
score range 0-150.

Abbreviations: MD, mean difference; Cl, confidence interval; BDI-II; Beck Depression Inventory — Second
edition, BAI; Back Anxiety Inventory, HRQoL, health-related quality of life; SF-12, 12-Item Short Form Health
Survey; PCS, Physical Component Summary; MCS, Mental Component Summary; DSI, Dialysis Symptom Index.
*Linear Mixed Model analysis with baseline scores as covariate.

**Linear Mixed Model analysis with the respective clusters, centers and baseline scores as covariates.
***Naive model without random intercept for center because convergence was not achieved.
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Discussion

This is the first controlled cluster randomized trial that investigates the effectiveness of a
guided self-help IPST tailored to hemodialysis patients with depressive symptoms versus care
as usual. We found an identical improvement of 4 BDI-II points (21%) in both groups, which
exceeds the minimal clinically important difference, but shows no treatment effect. It is
concluded therefore, that guided self-help IPST does not seem to be more effective than care
as usual in lowering depressive symptoms in hemodialysis patients. Exploratory subgroup
analyses showed possible trends in favor of the intervention group related to female sex,
younger age, computer literacy and moderate severity of depression. No differences were
seen between the groups in secondary outcomes: change of symptoms of anxiety, HRQoL or
dialysis symptoms.

The fact that we did not find a treatment effect of guided self-help IPST was surprising as there
is evidence of its effectiveness in other chronic patient populations and because of promising
results from feasibility trials in dialysis patients The improvement in our control group
suggests that the improvement in both groups may be explained by spontaneous recovery,
regression to the mean, a possible therapeutic advantage for patients in the care as usual arm
associated with involvement in a trial (Hawthorne effect) or a combination of a sample more
favorable to recovery in the control arm than the treatment arm.(5)

Both self-help and internet-based therapies have shown to be effective in various cohorts of
chronic somatically ill patients.(22-24) It is possible that Internet-based interventions are less
effective in the dialysis population compared to other chronically ill patient populations due
to older age, the large treatment and iliness burden of patients with kidney failure on dialysis
therapy and high unemployment rates, which may decrease the acceptance and usage skills
associated with the Internet.(19, 49) As we did not assess which aspect of the IPST was too
complex, the content itself or the access on tablet-computers, we cannot answer this question
based on our results. However, our experience was that the majority of the patients needed
assistance with filling out the exercises due to cannulation of the dominant arm or computer
illiteracy and not with explanation of the exercises, which might be an indication that the
accessibility of IPST is a problem in the dialysis population and not the content of the
intervention itself. More research on the effectivity of the various IPST aspects is necessary
before any conclusions can be drawn.

Exploratory subgroup analysis on patients aged <65 year showed an effect of -2.4 (95%CI -6.1;
1.3, p=0.21) and subgroup analysis in patients who did not need help with the use of the
tablet-computer showed an effect of -1.3 BDI-Il points (95%Cl -4.6; 2.0, p=0.43. As the minimal
clinically important difference of 3.3 BDI-Il points falls within these confidence intervals, it is
possible that a clinically relevant effect might be found in a larger cohort of younger dialysis
patients who are computer literate. More research is needed on how the accessibility and
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design of the content of an intervention can be optimized, with the purpose to develop an
effective treatment available for all hemodialysis patients.

Strengths and limitations

The strength of our study is that it is the first randomized controlled trial with an intention to
treat analysis on a ICBT intervention in hemodialysis patients. Other strengths are the
development of an innovative, accessible, tailor made, waiting-list free internet-based
intervention focused on practical daily life issues for hemodialysis patients and the embedding
of a mental health intervention in routine hemodialysis care. A final strength is the relatively
large sample size for a study on a psychosocial intervention in hemodialysis patients.

This study has several limitations. First, the substantial non-adherence to the intervention and
the large number of drop-outs at T1 may lead to biased results and may leave the study
underpowered. Dropout rates of 30% are seen in other internet-based intervention studies in
patients with elevated depression(27), and the additional non-adherence and dropouts in our
study are most likely due to physical limitations imposed by chronic renal failure and dialysis
treatment and possible stigma. To account for this issue, we used linear mixed model analysis,
which takes dropout into account by estimating the individual slope based both on the
measurements of that individual and on complete observed data of other similar individuals
in the data set. We can however not exclude residual confounding due to non-random
dropout from treatment and/or follow-up.

Second, despite our best efforts, we have underestimated the design effect of cluster
randomization which lowers our effective sample size to 169. Although this might leave the
study underpowered, it is not likely that a different effect size will be found with an additional
inclusion of 50 patients.

Third, we used a cutoff on the BDI-II of 210 to include patients with elevated symptoms of
depression instead of confirming a diagnosis of major depression disorder with a clinical
interview. Although this is common practice in other clinical trials on online psychotherapy,
this may have led to misclassification bias of depression and dilution of the treatment effect.
A recent systematic review on depression screening tools in dialysis patients advices a higher
cutoff of 216 on the BDI-II for diagnosis of major depressive disorder. The use of a lower cutoff
could potentially lead to overdiagnosis of depression due to overlap between symptoms of
kidney failure and depression. However, when this higher cutoff of 16 was used on our data
(n=110), no trend was seen in favor of the intervention.

Fourth, the per protocol sensitivity analysis hampers randomization because of afterwards
selection on intervention completers, which should be considered as a weakness. If a
treatment effect would have been found, this might have been invalid.

Fifth, the majority of the participants reported the intervention to be easy to use and clear,
however, this is likely biased due to dropouts at T1.
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Conclusion

To the best of our knowledge, this is the first RCT that examines the effect of guided self-help
IPST for depressive symptoms in hemodialysis patients. In both the intervention and control
group there was a decrease in depression scores of 21% over time. However, we did not find
a significant difference in improvement of depressive symptoms between the intervention
and control group. Although recruitment rates were low, dropout rates were high and there
were no differences in outcomes between the intervention and control group, this trial adds
to the limited evidence on treatment of depression in hemodialysis patients. Future research
should examine how to best design content and accessibility of an intervention for depressive
symptoms in hemodialysis patients.
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Supplementary files and tables

Supplemental File S1: Additional information on the adjustments of the IPST intervention for use in
the hemodialysis population

The intent and core constructs of the original PST-based intervention, to apply problem solving skills
to solve important problems, to worry less about unimportant problems and to accept unsolvable
problems, were conserved. To adjust the IPST for use in the hemodialysis population, additional
information about psychosocial consequences of kidney failure and hemodialysis treatment and real-
life example cases from dialysis patient focus groups were added Furthermore, written information
was transformed into easily understandable animations to take reduced concentration and fatigue
common in hemodialysis patients into account. The intervention consisted of five modules with
information, examples and assignments and is called ‘Worry Less for Dialysis Patients’ (in Dutch:
“Minder Zorgen voor Dialyse Patiénten”). In the exercises, patients addressed their own problems
that they faced in day-to-day life and were encouraged to put the learned skills into practice the next
week. Individual feedback on the patients assignments was provided on a weekly basis by a therapist
via the online portal.
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Supplemental File S2: Additional information on the Linear Mixed Model analysis

Both crude coefficients with only baseline scores as a fixed effect factor as well as adjusted
coefficients with the respective clusters and baseline scores as fixed effect factors and the respective
centers as random effects factor in the model were calculated. When center was added as random
intercept in the model a significant improvement was seen. Treatment effect was incorporated by
adding randomization as a fixed effect factor in the model. Treatment effect was estimated from the
model by reporting the coefficient for randomization and the respective p-value. Restricted
maximum likelihood was used as the method of estimation.

SPSS syntax of main analyses (BDI-Il):

*naive model (without adjusting for center or cluster).
**_21L 824,487.
MIXED bdi_t1_analyse WITH bdi_t0 randomization
/CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001)
HCONVERGE(O,
ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE)
/FIXED=bdi_t0 randomization | SSTYPE(3)
/METHOD=REML
/PRINT=SOLUTION.

*Adjusted model (adjusted for center and cluster).

** _2LL 812.427. This model is significantly better than the model without random intercept for
center.

*** difference in df=4. Critical value for chi2 with 4 df is 9.488. Difference is 12.06, hence significant.
MIXED bdi_t1 BY cluster WITH bdi_t0 randomization

/CRITERIA=CIN(95) MXITER(100) MXSTEP(10) SCORING(1) SINGULAR(0.000000000001)
HCONVERGE(O,

ABSOLUTE) LCONVERGE(0, ABSOLUTE) PCONVERGE(0.000001, ABSOLUTE)

/FIXED= randomization cluster bdi_t0 | SSTYPE(3)

/METHOD=REML

/PRINT=DESCRIPTIVES SOLUTION

/RANDOM=INTERCEPT | SUBJECT(center) COVTYPE(VC).

*|CC.

compute ICC=1.537056/(50.653127+1.537056).
alter type ICC (f5.3).

fre ICC.

*]CCis 0.029.
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Supplemental Table S3: Patient characteristics of patients who completed T1, who were lost to follow-
up at T1, who completed the intervention and who did not complete the intervention.

Characteristic T1 complete T1 missing Intervention Intervention
(n=122) (n=68) completers  non-
(n=48) completers
(n=41)
Demographic
Age (year) 65+ 14 6316 63+15 64 +14
Male sex 78 (64%) 39 (57%) 29 (60%) 28 (68%)
Immigrant* 48 (39%) 35 (52%) 22 (46%) 16 (39%)
Country of birth
The Netherlands 82 (67%) 42 (62%) 31 (65%) 30 (73%)
Social
Married/in a relationship 43 (35%) 35 (52%) 20 (42%) 19 (46%)
Has Children 82 (67%) 52 (77%) 33 (69%) 30 (73%)
Education**
Low 46 (38%) 29 (43%) 17 (35%) 16 (39%)
Middle 52 (43%) 29 (43%) 26 (54%) 19 (46%)
High 24 (20%) 9 (13%) 5 (10%) 6 (15%)
Employed 11 (9%) 3 (4%) 3 (6%) 4 (10%)

Renal and dialysis

Dialysis vintage (months) 26 [8-50] 28 [9-46] 18 [7-38] 26 [8-48]
Primary kidney disease
Renal vascular disease 28 (23%) 11 (16%) 10 (21%) 10 (24%)
Diabetic nephropathy 38 (31%) 18 (27%) 15 (31%) 9 (22%)
Glomerulonephritis 9 (7%) 6 (9%) 3 (6%) 3 (7%)
Other 37 (30%) 23 (34%) 13 (27%) 16 (39%)
Kt/Vurea at baseline 39+1.2 39+1.1 39+1.2 39+1.2
On waiting list for kidney 33 (27%) 26 (38%) 16 (33%) 12 (29%)
transplant
Residual diuresis of 2100ml/24h 76 (62%) 38 (56%) 28 (58%) 29 (71%)
Clinical
Davies comorbidity score
Low comorbidity 21 (17%) 13 (19%) 10 (21%) 6 (15%)
Moderate comorbidity 76 (62%) 38 (56%) 29 (60%) 25 (61%)
High comorbidity 26 (21%) 17 (25%) 9 (19%) 10 (24%)
Comorbid conditions
Diabetes mellitus 54 (44%) 34 (50%) 23 (48%) 22 (54%)
Cardiovascular disease*** 105 (86%) 57 (84%) 39 (81%) 34 (83%)
Laboratory
Hb (g/dL) 11.1+1.3 11.3+1.3 11.0+1.3 11.0+1.3
Phosphate (mg/dL) 5.0+1.6 53+19 53+19 47+1.6
Albumin (g/L) 3.7+0.5 3.6+0.4 3.8+0.4 3.7+0.4
PTH (pg/mL) 38+30 39+33 36+26 42+33
Psychiatric
Psychiatric diagnosis in medical
history 93 (76%) 55 (81%) 38 (79%) 29 (71%)
None 12 (10%) 4 (6%) 3 (6%) 3(7%)
Major depressive disorder 3 (2%) 2 (3%) 3 (6%) 2 (5%)
Anxiety disorder 21 (17%) 11 (16%) 8 (17%) 10 (24%)
Other
BDI-Il score 18.7+7.0 19.5+8.7 18.1+5.9 20.1+84
BAI score 13.7£10.2 14.1+11.0 12.8 +10.9 13.1+8.6

205



B Chapter 9

Supplemental Table S3 (continued)

Characteristic T1 complete T1 missing Intervention Intervention
(n=122) (n=68) completers  non-
(n=48) completers
(n=41)
Current psychotherapy 11 (9%) 7 (10%) 6 (13%) 6 (15%)
Current psychopharmic use 23 (19%) 14 (21%) 11 (23%) 9 (22%)
Antidepressants 23 (20%) 13 (19%) 8 (17%) 9 (22%)
Benzodiazepine 20 (16%) 19 (28%) 14 (29%) 7 (17%)

Note: Values are presented as mean t standard deviation, median [interquartile range], or frequency

(percentage).

Abbreviations: BDI-II, Beck Depression Inventory; BAI, Beck Anxiety Inventory; SSRI, selective serotonin reuptake

inhibitor; SNRI, Serotonin and norepinephrine reuptake inhibitors.
*Immigrant status is based on country of birth of both patient and biological parents of patient.

**Education: Low = primary education, middle = secondary education, high = higher professional education and

university.

***CVD = acute coronary syndrome, angina pectoris, percutaneous coronary angioplasty, coronary artery bypass

surgery, heart failure, peripheral arterial vascular disease, stroke, hypertension.
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Supplemental Table S4: Intention to treat Linear Mixed Model subgroup analyses for primary outcome
depression (BDI-Il scores) for the intervention and control group.

Subgroup Intervention  Control Adjusted MD p-value
(95%C1)*

Sex
Women n=32 n=41

T0 20.4+85 20.2+75

T1 13.5+8.4 16.6+8.2 -2.6(-7.7; 2.5) 0.60
Men n=57 n=60

TO 18.2+6.3 18.1+8.4

Tl  15.1+87 14.1+7.2 1.5(-2.0;5.1) 0.40
Age
<65 year n=42 n=49

TO 19.1+6.2 20.4+9.2

T1 14.5+8.9 16.7 £ 8.6 -2.4(-6.1; 1.3) 0.21
265 year n=47 n=52

T0 18.8+8.0 17.6£6.7

T1 14.8+8.4 13.8+6.6 1.4 (-2.7;5.6) 0.50
Immigrant status
Native n=51 n=55

T0 18.3+7.2 18.0£7.2

T1 14.2+84 141+6.5 1.0(-2.8;4.7) 0.61
Immigrant n=38 n=45

TO 20.0+7.1 20.1+9.1

T1 154+9.0 16.9+9.1 0.5(-5.2;4.2) 0.84
Education
Low formal education** n=33 n=42

T0 20.1+7.2 19.5+8.2

T1 14.7+8.4 14.8+7.7 -0.14 (-5.2; 4.9) 0.95
Middle and high formal n=56 n=58
education T0 18.4+7.2 18.6+8.1

T1 14.6 + 8.7 154+7.7 0.2 (-3.3;4.9) 0.92
Depression severity
BDI-II TO> 13 n=76 n=77

T0 20.4+6.9 214+738

T1 15.1+84 16.6 £8.1 -0.4(-3.7; 3.0) 0.82
BDI-II TO > 16 n=53 n=57

TO 23.1+6.7 23975

T1 14.7 £ 8.9 18.3+8.0 -1.4(-5.4; 2.5) 0.47
Mild depression** n=58 n=66
(BDI-I1 10-19) TO 14.8+2.7 141+29

T1 13.5+7.5 124 +6.1 0.8(-2.7;4.2) 0.66
Moderate depression** n=21 n=21
(BDI-I1 19-28) T0 23.1+29 23.0+x24

T1 14.8 +9.6 17.6 £5.7 -1.9(-7.3;3.5) 0.48
Severe depression** n=10 n=14
(BDI-11 29-63) TO 34.7+4.6 35.6+3.3

T1 27.3+5.7 24.1+9.4 -0.8 (-15.8; 14.3) 0.90
Intervention
Computer literate n=26 n=101

TO 20.2+5.6 19.0+8.1

Tl  154+75 15.2+7.7 -1.3(-4.6; 2.0) 0.43
Computer illiterate n=45 n=101

TO 19.1+8.2 19.0+8.1

T1 149+9.4 15.2+7.7 0.5(-3.0; 4.1) 0.76
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Supplemental Table S4 (continued)

Note: Values are presented as mean + standard deviation.

Note: A positive MD represents a higher value in the intervention group, a negative MD represents a lower value
in the intervention group.

Note: BDI-Il score range 0-63.

Abbreviations: Cl, confidence interval; BDI-II; Beck Depression Inventory — Second edition; MD, mean difference.
*Linear Mixed Model analysis with the respective clusters, centers and baseline scores as covariates.

**Naive model without random intercept for center because convergence was not achieved.
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This thesis examines symptoms of depression and anxiety in dialysis patients. In this final
chapter, the results of the performed studies will be summarized and discussed per subject.
First, two studies that focused on screening for anxiety and depression will be discussed.
Second, two studies on symptom dimensions of anxiety and depression will be deliberated.
Third, one study on the impact of COVID-19 on depression and anxiety will be discussed.
Fourth, in three studies treatments of depression in dialysis patients will be addressed. Finally,
clinical implications of the results and suggestions for future research will be made.

Main findings and discussion per aim

Aim 1: Screening

Chapter 2 described the results of a study aimed at exploring the concept of ‘General distress’
in dialysis patients. General distress includes symptoms of both depression and anxiety and
may potentially be useful for screening purposes. In this study, we combined both symptoms
of anxiety and depression measured by the Beck Anxiety Inventory (BAl) and Beck Depression
Inventory — Second edition (BDI-II) to investigate three concepts: 1) a General distress score,
2) an overarching Somatic distress score and 3) an overarching Cognitive distress score. In
addition, the concept of General distress was examined in the Hospital Anxiety and Depression
Scale (HADS) in a different cohort. For both BAI/BDI-Il and HADS, the strictly unidimensional
factor of General distress did not show a good fit (Confirmatory Fit Indices (CFI) with 0.690 for
BAI/BDI-Il and 0.699 for HADS). Moderate performance was found with a multidimensional
bi-factor tripartite model including a General Distress score, a Depression score and an Anxiety
score (CFI of BAI/BDI-Il was 0.873 and HADS 0.839). Our results showed that both the BAI/BDI-
Il as well as the HADS are not sufficiently unidimensional to warrant the use of a General
Distress score in dialysis patients, without investigating anxiety and depression separately. A
General Distress score may be used as a first step in screening of dialysis patients for anxiety
and depression, if these concepts are further assessed in a second step with separate
screening tools for anxiety and depression or evaluation by a psychologist or a psychiatrist
(Figure 1).

Figure 1: Schematic display of the conclusion of Chapter 2.

i j Step 1: Step 2:
Screening with a General .
Distress score not Separate screeningon Evaluation and treatment
recommended depressionand anxiety by psychologist or
BDI-Il and BAI or HADS psychiatrist

Chapter 3 reported on the results of a validation study of two widely used screening tools for
symptoms of anxiety, the BAI and the HADS — Anxiety subscale (HADS-A) by the MINI-
international neuropsychiatric interview (MINI). In this validation cohort, 20% of hemodialysis
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patients had a diagnosis of an anxiety disorder by the MINI. Interrater reliability was almost
perfect (Kappa 0.82, p<0.001). ROC curves showed good diagnostic accuracy of the BAI and
HADS-A. The optimal cutoff value for the BAl was > 13 and for the HADS-A, optimal cutoff
value was > 10 (Figure 2). These data showed that both the BAIl and the HADS-A are valid
screening instruments for anxiety in hemodialysis patients that can easily be administered in
routine dialysis care. In clinical practice, the HADS-A might be more useful than the BAI due to
less items, the exclusion of somatic symptoms of anxiety and high predictive value. Future
research should focus on validation of anxiety screening tools in hemodialysis populations
from different health systems to strengthen the current evidence on this topic and to further
improve the identification of hemodialysis patients who are in need for treatment of anxiety
disorders.

Figure 2: Schematic display of the results and conclusion of Chapter 3.

Sens 100%

21 items Spec 80%
- >
BAI Somatic + subjective Cut Off 213 PPV 36%
NPV 100%
Sens 80%
7 items Spec 100%
- - >
HADS A Subjective Cut-off 210 PPV 100%

NPV 89%

Aim 2: Symptom dimensions

Chapter 4 stated the results of an investigation on symptom dimensions of anxiety and the
association with adverse clinical outcomes. By using confirmatory factor analysis on the BAI,
we identified a Somatic, Subjective and General anxiety dimension. A further subdivision of
the Somatic dimension can be made using Autonomic, Neurophysiologic and Panic symptoms
dimensions. All symptom dimensions were associated with a substantial decrease in quality
of life. Only the Somatic symptom dimensions was associated with hospitalization (Rate Ratio
1.7, 95%Cl 1.5-2.1) and all-cause mortality (Hazard Ratio 1.7, 95%Cl 1.2-2.4). These
associations were independent of somatic comorbidity and other confounding factors. These
results can lead to better understanding of the clinical presentation of anxiety, more
personalized treatment of anxiety and ultimately improve outcomes for dialysis patients.

213




m Chapter 10

Figure 3: Schematic display of the results and conclusion of Chapter 4.

Adverse clinical
outcomes:
hospitalization and
mortality

Somatic
dimension

BAI

General

Decreased

Subjective
dimension

quality of life

Note: Associations with adverse outcomes were assessed with multivariable regression models, adjusted for
social characteristics, dialysis characteristics and laboratory measures.

Chapter 5 described the association between dialysis modality and the prevalence and
symptom dimensions of depression and anxiety, analyzed with regression models adjusted for
potential confounders. Clinically significant anxiety and depression were highly prevalent in
both peritoneal dialysis and hemodialysis patients, but no differences in prevalence or severity
were found between these groups. In both groups, the somatic symptom dimensions of both
anxiety and depression were more prevalent and more severe than the subjective anxiety
symptom dimension or cognitive depression symptom dimension, which is possibly related to
the high comorbidity level and the impact on general health status in both samples. Almost all
patients experienced symptoms related to loss of energy, fatigue and insomnia. Insomnia is
not only a symptom of depression but can at the same time be a risk factor to develop
symptoms of depression, and further impact mental health of dialysis patients. These results
underscore the need for early recognition, prevention and treatment of symptoms of anxiety
and depression in dialysis patients regardless of treatment modality.

Figure 4: Schematic display of the results of Chapter 5.

Peritoneal dialysis

Hemodialysis

e BAI> 16: 19%
¢ Somatic: 89%
¢ Subjective: 69%
e BDI >13: 44%
e Somatic: 99%
¢ Cognitive: 88%

¢ BAl 2 16: 24%

* Somatic: 92%

* Subjective: 70%
*BDI>13:41%

* Somatic: 97%

* Cognitive: 83%

Note: Odds Ratios (OR) are assessed with multivariable logistic regression models, adjusted for age, sex, ethnicity,

social characteristics and comorbidities.
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Aim 3: Impact of COVID-19

Chapter 6 reported on the findings from a longitudinal study on the impact of COVID-19 on
depression, anxiety and quality of life in hemodialysis patients. This is relevant as patients with
kidney failure on hemodialysis treatment have many somatic comorbidities besides their
chronic kidney disease, which makes them at risk of experiencing symptoms of stress,
depression and anxiety related to the pandemic. Data of hemodialysis patients from the first
and second COVID-19 lockdown in the Netherlands were compared to data prior to the
pandemic with linear mixed models. Interestingly, no significant differences were found in
depression, anxiety and quality of life (measured with the Short Form 12 (SF-12)) between
before and during the pandemic). During the first lockdown, 33% of participants reported
COVID-19 related stress and in the second lockdown 37%. Patients who reported COVID-19
related stress had higher stress levels on the Perceived Stress Scale-10 (PSS-10), higher BDI-I
scores and lower SF-12 mental component summary scores than patients who did not
experienced COVID-19 related stress. However, these differences were already present before
the pandemic, which indicates that a substantial subgroup of patients with pre-existent
mental health problems seems to be more susceptible to experience COVID-19 related stress.
These results underscore the need for screening and treatment of depression and mental
health related quality of life in hemodialysis patients to prevent increase of stress symptoms
in this group during pandemics and other major stressful events in the future.

Figure 5: Schematic display of the results of Chapter 6.

Higher stress levels PSS-10: MD 4.7, 95%Cl 1.5;8.0
Higher depression score COVID-19 related stress
BDI-IIl: MD 4.9, 95%CI 0.7;9.0
Lower mental health (33-37%)
related quality of life SF-12: MD -5.3, 95%CI -9.0,-1.6

Note: Mean difference are in comparison with patients who did not experience COVID-19 related stress.
Analyzed with linear mixed model, adjusted for age, sex, immigrant status, high formal education, dialysis
vintage and high comorbidity score.

Aim 4: Treatment

Chapter 7 stated the results of a systematic review and meta-analysis of randomized
controlled trials investigating various treatment options for depression in dialysis patients.
Multiple databases were searched and studies which included patients who had a diagnosis
of depression or scored above a cutoff for depression on a screening tool were included. This
resulted in 17 studies with a total of 1640 participants. A meta-analysis of seven studies on
psychotherapy versus care as usual showed a standardized mean difference (SMD) on
depressive symptoms of -0.5 [-0.9;-0.1], with a moderate heterogeneity of 52%. Although
these results indicate that psychotherapy might be an effective treatment option for
depression in dialysis patients, this is based on ‘low quality evidence’ due to per protocol
analysis of the included studies and high scores of potential bias. Two studies on selective
serotonin reuptake inhibitors (SSRI’s) showed a SMD of -0.6 [-5.0; 6.0] but due to the very
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wide confidence interval no conclusions can be drawn. Few studies were found on exercise
therapy and dietary supplements. More evidence is needed regarding the efficacy of SSRI’s,
exercise therapy and dietary supplements in this population. Given the large burden of
depressive symptoms in dialysis patients and proven effectivity in other medically ill patient
populations, we suggest to offer psychotherapy to dialysis patients with depressive
symptoms.

Figure 6: Schematic display of the results of Chapter 7.

Psychotherapy

Depression: SMD -0.5 [-0.9;-0.1]
——— | Anxiety: SMD -0.2 [-0.7;0.4]
Qol: SMD -0.4 [0.9;0.0]

Symptoms of
depression and
anxiety

Depression: SMD -0.6 [-5.0;6.0]
Anxiety: unknown
QolL: unknown

Note: Treatment effects are compared to a care as usual or placebo control arm. Pooled analysis on
psychotherapy included 7 studies on depression, 3 on anxiety and 4 on quality of life (QoL). Pooled analysis on
Selective Serotonin Reuptake Inhibitors (SSRI’s) included 2 studies on depression and no studies on anxiety and
Qol.

Chapter 8 described the study protocol of the Depression Related Factors and Outcomes in
Dialysis Patients With Various Ethnicities and Races Study — Internet Intervention (DIVERS-II).
This is the first large cluster randomized controlled trial on the effectiveness of guided
internet-based self-help cognitive behavioral intervention based on problem solving therapy
(PST) for depressive symptoms in hemodialysis patients versus care as usual. Inclusion criteria
were adult patients on maintenance dialysis with adequate Dutch language skills and a BDI-II
score of > 10. Clusters were based on dialysis shift within each center. An existing evidence-
based internet version of PST was adjusted for use in the dialysis population by converting
written information into easily understandable animations and by adding real-life examples
from dialysis patients focus groups. The intervention consisted of five modules, one per week,
and could be completed on a tablet computer during dialysis sessions or at home if preferred
by the participant. The research team assisted in the use tablet of the tablet computers if
needed. Supported care within the intervention was provided by trained therapists and
consisted of weekly online feedback on assignments. Main outcome was the difference in
symptoms of depression (BDI-Il) adjusted for baseline symptoms between the treatment and
control group after treatment and secondary outcomes were symptoms of anxiety (BAIl),
quality of life (SF-12) and dialysis symptoms (Dialysis Symptom Index). Analysis was done per
intention to treat principle with linear mixed models to account for missing data.
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Figure 7: Schematic display of the content of the guided online self-help intervention for dialysis
patients as used in the DIVERS-II study as described in Chapter 8.

things

Week 1: Introduction and inventarisation of problems and important
= |

with problem solving on own problems

Week 2: Introduction of stepwise problem solving method, practising

less about unimportant things

Week 3: Continue exercises week 2, introduction on how to worry

accept unsolvable problems

Week 4: Continue exercises week 2 and 3, introduction on how to
= J

Week 5: Continue exercises week 2, 3 and 4, making a plan for the
future to continue problem solving and focus on important things

Note: The intervention is based on problem solving treatment for anxiety and depression by Mynors-Wallis and
the online version of PST made by Warmerdam and collegues.(1, 2)

Chapter 9 reported the outcomes of the DIVERS-II study. A total of 190 hemodialysis patients
were cluster-randomized to the intervention (n=89) or control group (n=101). Post-
intervention measurement was completed by 127 patients (67%). In the intervention group,
more than half of the participants (54%) completed the intervention and the majority of the
participants (63%) needed help with the use of the tablet computer or filling out the exercises.
We found an identical improvement of 4 BDI-Il points (21%) in both groups, which exceeds
the minimal clinically important difference, but shows no treatment effect (mean difference -
0.1, 95%Cl -3.0; 2.7). Explorative subgroup analyses showed possible trends in favor of the
intervention group related to female sex, younger age, computer literacy and moderate
severity of depression. No differences were seen between the groups in secondary outcomes.
Per protocol sensitivity analysis showed comparable results. Although recruitment rates were
low, dropout rates were high and there were no differences in outcomes between the
intervention and control group. These results are an addition to the limited evidence on
treatment of depression in hemodialysis patients. Future research is needed to provide insight
in for which patients these interventions might be effective which may lead to the
development of more personalized treatment of depression in hemodialysis patients.
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Figure 8: Schematic display of the results of Chapter 9.

Intervention QOutcomes
Online problem Primary: h
Setting SO|Viﬂg therapy + Depressive symptoms
BDI-Il A -0.1 (-3.0;2.7)
Hemodialysis patients N=89 Secondary:
with BDI =2 10 +  Anxiety symptoms
BAI A 2.1 (-0.7;4.8)
N=190 | + Quality of Life, mental
Care as Usua SF-12 A -0.1 (-3.7;3.9)
N=101 +  Dialysis symptoms
DSI A -1.2 (-3.2,0.8)

J

Control

Note: Results are based on the intention to treat linear mixed model analysis and are displayed as mean
difference. A positive number represents a higher value in the intervention group, a negative number represents
a lower value in the intervention group.

Clinical implications and future research

In general, the results of this thesis underline the high burden of symptoms of depression and
anxiety in dialysis patients and the impact on the lives of these patients due to poor
recognition and limited evidence on effective treatment options. Several factors may play a
role in these complex clinical problems and implementation strategies for adequate screening
and treatment of symptoms of depression and anxiety in dialysis patients is needed. In the
following paragraphs, the clinical implications of the results, suggestions for implementation
strategies and future research are presented.

Screening and treatment of symptoms of depression and anxiety in dialysis patients

Despite the recommendation of biannual screening for depression in international guidelines
since 2005, routine screening is still not part of clinical practice in nephrology departments.(3)
The complexity of this problem and the current gaps in the literature might be better
understood by looking further into the ten criteria by Wilson and Jungner for successful
screening strategies.(4)

The first criterion for screening is that the condition should be an important health problem.
The high prevalence and symptom burden of depression and anxiety in dialysis patients and
the association with adverse clinical outcomes underscore the importance of this health
problem.(3, 5-9) Furthermore, the scientific agenda of the Dutch Kidney Foundation explicitly
states the need of more support for patients with kidney failure in coping with psychological
consequences of their disease.(10)

The second criterion of screening is that there should be an accepted treatment for patients
with the recognized disease. The results of this thesis show that adequately powered clinical
trials on treatment of depression and anxiety in dialysis patients are scarce and guided
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internet-based self-help PST is not more effective than care as usual in lowering depressive
symptoms. Psychotherapy is an effective and widely used treatment for persons with
depression in general as well as in patients with medical conditions.(11-13) Although evidence
is limited, CBT seems promising in decreasing depressive symptoms as well as improving
quality of life in dialysis and there is no indication that psychotherapy is not effective in dialysis
patients.(14, 15)

In theory, the maintenance dialysis setting seems ideal for efficient implementation of
research as patients have frequent and predictable health care encounters where copious
data could be generated within a system of strong infrastructure and governance.(16) Despite
this, clinical trials in dialysis patients in general are scarce, have low recruitment and retention
rates and have challenges with protocol adherence.(17) Barriers for engagement of different
stakeholders in the research process include knowledge gaps, mistrust, competing priorities
and misaligned clinical and research activities.(18) These problems with recruitment and
retention are described in chapter 7 and 9 of this thesis. In chapter 7 we found that evidence
on the effective treatment of depression and anxiety in dialysis patients is scarce and sample
sizes of studies are small. In chapter 9, we report the same experience in conducting the
DIVERS-II trial where we experienced low recruitment rates. Only 13% of all patients who were
assessed for eligibility could be randomized and we needed 18 participating dialysis centers
and an extension of the inclusion period of 12 months to be able to complete inclusion. In
comparison, recruitment rate for the DIVERS-I observational cohort study was 30%. It seems
that the willingness of dialysis patients to participate in a non-experimental study is higher
than the willingness to participate in clinical trials. A recent randomized vignette-based study
on the willingness of hospitalized patients to participate in research also found that patients
were more likely to participate in a hypothetical observational study than in a hypothetical
intervention study.(19) Factors associated with lower participation in de intervention study
were higher self-rated health and clinical equipoise of the intervention, whereas higher
participation was associated with a positive attitude towards research, previous participation
in clinical studies and being a blood or organ donor (as an indicator of altruism).(19)

An additional explanation in dialysis patients might be the reluctance to initiate yet another
treatment. For instance, it is found that the willingness to modify or initiate antidepressant
medication is often lacking in chronic dialysis patients. Reasons for not starting treatment are
the attribution of depression to a recent acute event, chronic disease or dialysis, lack of
interest, refusal to take medication and concerns about medication side effects.(20) Another
study showed that the presence of concomitant borderline, narcissistic, factitious and
avoidant personality disorders was responsible for 38% of antidepressant treatment failure in
dialysis patients.(21)

Additional reasons for the low recruitment and retention rates in clinical trials in dialysis
patients could be the high hospitalization and mortality rates in this population due to the
unstable health status of dialysis patients and frequent side effects and complications of
dialysis treatment that interfere with study visits.(22) Also, somatic symptoms related to
dialysis and depression like fatigue, lack of energy and difficulty with concentration increase
subject burden of patients to fill out questionnaires or to participate in or complete an online
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self-help intervention.(23) Due to high numbers of patients from immigrant background,
language and cultural factors may also play a role.(24)

Furthermore, stigmas on mental health might play an additional role in the scarcity of
psychosocial trials in dialysis patients. Although data on mental health stigma’s in the dialysis
setting is limited, one study showed that 55% of patients scoring above a cut-off on the BDI-II
refused further assessment and treatment of possible major depressive disorder.(21) Reasons
for this refusal were denial of being depressed and unwillingness to consider taking additional
medication. Despite education about depression, some patients in this study regarded mental
illness as weakness and were afraid to be stigmatized if they were to acknowledge symptoms
of depression. Our own experiences from the DIVERS-II study were similar, where despite our
efforts to inform patients about the well-known impact of kidney failure and dialysis on mood
and mental health, some patients did not want to discuss this subject with us or indicated that
they were not ‘crazy’, a word they associated themselves with feelings of sadness or a
depressed mood.

To overcome the barriers for engagement of different stakeholders in research mentioned in
the first paragraph of this subchapter, it is suggested that interdisciplinary partnerships are
needed to implement education and training on research, to promote a culture of trust and
transparency, to enhance communication with all stakeholders throughout the research
process and to develop a sustainable infrastructure for research.(17) Strategies we used to
enhance inclusion rates in DIVERS-Il were, first, the formation of a consortium of 18
participating dialysis centers affiliated to 9 hospitals with fast involvement of the local
principal investigators who were all nephrologist with interest in psychosocial research.
Second, we provided education and training of nephrologist, nurses and social workers in all
centers before the start of research activities. Third, we engaged treating nephrologists and
nurses in informing patients about the study and in introducing the researchers individually to
each eligible patient to enhance trust. Fourth, we aligned research practice with clinical
workflows by informing patients with the treating nephrologists during ward rounds, so that
research was prioritized without comprising on clinical care delivery. Fifth, to make sure we
involved diverse stakeholders at all stages of research, we discussed the content and lay-out
of the online self-help intervention with patient focus groups, dialysis nurses and social
workers and we expanded our multidisciplinary research team with two patient researchers
in order to receive input on research protocols and implementation processes. Sixth, to fight
stigma, we provided information on psychosocial consequences of kidney failure and dialysis
therapy during research presentations for nephrologist, dialysis nurses and social workers and
to patients during the inclusion process. There are two main possibilities why we did not find
an effect of guided internet-based self-help PST for depressive symptoms in hemodialysis
patients compared to care as usual in the DIVERS-II trial. The first possibility is that PST itself
is not effective to treat depressive symptoms in dialysis patients despite promising findings in
the literature in other patients with chronic diseases.(25, 26) It could be that dialysis patients
have too many unsolvable problems to benefit from learning problem solving skills and that
only one module on acceptance and processing dialysis related losses is not sufficient enough
for these patients to lower their depressive symptoms.
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The second possibility is that internet-based self-help therapy is not feasible in dialysis
patients although feasibility trials showed promising results. In the DIVERS-Il trial, we
experienced that a high number of participants needed help with the use of the tablet-
computer because they could only use one arm or could not use their dominant hand due to
cannulation during dialysis. Also, due to the mean age of 64, a high percentage of participants
with low formal education level (40%) and high numbers of unemployment (93%), computer
skills were not sufficient in a substantial proportion of patients to perform the intervention on
the tablet-computers without assistance. Furthermore, because of negative effects of kidney
failure and dialysis treatment on social relationships which often leads to social isolation,
having a patient-therapist relationship or social contacts in a group-based therapy could have
beneficial effects on treatment outcomes compared to self-help therapy.(27, 28)

Future research should further investigate how to optimize the implementation of research
protocols in routine dialysis care and should focus on the role of stigma on mental health in
both healthcare professionals and patients in the dialysis settings. Additionally, it would be
interesting to examine in which subgroups of patients internet-based interventions might be
effective as this may aid in the development of more personalized treatment of depression in
hemodialysis patients. A recent small feasibility trial on psychotherapy sessions via video-
conference during hemodialysis showed that this delivery method was feasible and well-
accepted by dialysis patients although sample size was too small to detect treatment
effect.(29) It would be interesting to further assess video-conference treatment and privacy
issues on a hemodialysis ward, also in light of the COVID-19 and possible future pandemics.
Research on treatment could also focus more on somatic symptoms of depression and anxiety
such as fatigue and insomnia, as these are not only consequences of depression and anxiety
but can also be a risk factor to develop symptoms of depression and anxiety.(30, 31)
Overwhelming exhaustion can lead to the depletion of the sense of control and capacity to do
daily activities due to lack of energy, which might lead to feelings of sadness, guilt and
frustration.(23) Another alternative treatment approach could be interventions based on
positive psychology. Positive psychology interventions are primarily aimed at increasing
positive feelings, positive behaviors and positive cognitions as opposed to improving negative
thoughts or maladaptive behavior patterns.(32) A recent quasi-experimental study showed
promising effects on stress, anxiety and quality of life of a positive thinking intervention in
hemodialysis patients.(33) A meta-analysis has shown that positive affect and life-satisfaction
are associated with a small but significant effect on recovery and survival in physically ill
patients.(34) It would be interesting to investigate the effect of interventions enhancing
emotional well-being on the prognosis of dialysis patients besides symptoms of depression
and anxiety. Finally, it could be interesting to focus qualitative research on dialysis patients
without symptoms of depression and anxiety to gain more insight in their coping strategies in
dealing with the burden of kidney failure and dialysis therapy. This could aid in formulating
new strategies on how to better activate and socialize dialysis patients with symptoms of
depression and anxiety.

The third criterion for screening is that facilities for diagnosis and treatment of depression
and anxiety should be available. If screening instrument on depression and anxiety were to be
implemented in the dialysis setting, there should be enough capacity in medical psychology
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and psychiatry departments to be able to evaluate and possibly treat all patients that need
further assessment by scoring above a cutoff value.

The fourth criterion for screening is that there should be a recognizable latent or early
symptomatic stage. In patients with a life-threatening disease such as kidney failure, there is
a gradual transition from feeling sad, depressed or anxious to an adjustment disorder with
depressive or anxious features to a major depressive disorder or anxiety disorder that causes
significant distress or impairment according to the DSM-5 criteria.(35, 36) These feelings of
sadness and anxiety could be seen as an early symptomatic stage in the development of
depressive and anxiety disorders an can be measured overtime by a validated self-report
screening tool.

The fifth criterion is that there should be a suitable test or examination. The results of this
thesis show that screening with a general distress score based on the BDI-II/BAI or the total
HADS in dialysis patients is not recommended, and that separate investigations of depression
and anxiety are needed in order to identify patients in need for further assessment and
treatment. A recent systematic review on depression screening tools in patients with kidney
failure included a total of 16 studies with limitations related to methodological quality and
generalizability.(37) Although the BDI-Il was by far the best studied screening tool, a wide
range of thresholds were reported from >10 to >19.(38-42) Two studies that examined the
performance characteristics of the HADS depression sub score (HADS-D), found a cutoff of 26
and 28 for clinically relevant depression.(43, 44)

It is suggested that screening with the BDI-Il in dialysis patients may lead to overestimation of
prevalence of depression due to overlap in somatic symptoms of depression and somatic
symptoms of hemodialysis treatment.(45, 46) In other severely ill patients groups receiving
palliative care, factor analysis showed that screening with the BDI-Il could measure three
different constructs of current conceptualizations of depression: anhedonia, demoralization,
and grief.(47) Anhedonia is characterized by a loss of the ability to experience pleasure in
things accompanied by a loss of interest and is one of the two key symptoms of major
depressive disorder. The central concepts of demoralization are considerable loss of meaning,
hope and purpose, together with being unable to cope, feelings of failure and feeling
alone.(48) Grief is characterized by feelings of loss. These concepts are often difficult to
differentiate and may overlap. It is known that antidepressant therapy is not effective in
demoralization and it is suggested to treat these patients with psychotherapy that focusses
on attitudes towards hope and meaning in life.(49) It would be interesting if future research
would look further into the concept of demoralization in dialysis patients to aid in better
understanding and recognition of depression versus demoralization to be able to provide the
right treatment in these patients.

The literature on screening instruments for anxiety in dialysis patients is even more limited. In
this thesis, we reported on a validation study of the BAI and HADS anxiety sub score (HADS-A)
and found cutoff scores of 213 and 210, respectively, for anxiety in hemodialysis patients, with
a preference for the HADS-A due to lower number of items and equal diagnostic discrimination
(area under the curve = 0.95). It is suggested that even shorter screening tools may be
appropriate as an initial screen of all dialysis patients. In the US, the Patient Health
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Questionnaire 2 (PHQ-2) for instance is the most commonly used short screen for depression
in medical settings. This questionnaire exists of only two items measuring 1) diminished
interest or pleasure and 2) feeling down, depressed or hopeless. An equivalent for anxiety is
the Generalized Anxiety Disorder 2-item (GAD-2), this questionnaire exist of two items
measuring 1) feeling nervous, anxious or on edge and 2) not being able to stop or control
worry. These short screens, however, have not been evaluated in the dialysis setting yet.
Future research should focus on the validation of short screening tools in dialysis patients and
on further validation of anxiety screening tools in dialysis populations from different
healthcare systems.

Based on the results of this thesis and the current literature, the most suitable test for
screening on anxiety and depression in clinical practice would be the HADS, as it is a quick
screening tool that is validated and of proven diagnostic accuracy for both depression and
anxiety in dialysis patients.(43, 44) (50) For research purposes, however, the use of the BDI-II
and BAI could be recommended as these 21-item questionnaires also collect data on somatic
symptoms of depression and anxiety which are associated with adverse clinical outcomes such
as hospitalization and mortality in dialysis patients. The integration of both somatic and
cognitive/subjective symptoms of depression and anxiety in research is important as this
might lead to better understanding of clinical presentations of depression and anxiety in
dialysis patients and may also be helpful to develop more personalized treatment for specific
symptom dimensions in dialysis patients.

The sixth criterion for screening is that the test should be acceptable to the target population.
However, data on acceptability and effective implementation strategies of screening for
depression and anxiety is scarce. In terms of implementation, several issues should be kept in
mind. First of all, timing of screening is important. Among patients who were depressed, a
high level of agreement has been found between screening during or before/after
hemodialysis treatment. However, non-depressed hemodialysis patients score significantly
higher on somatic symptoms as well as on total BDI-Il score when screened during a dialysis
session compared to off dialysis. (40) This creates a potential for overdiagnosis and
overtreatment of depression. Furthermore, the perception of privacy should be taken into
account with implementation or discussing results of screening for depression and anxiety on
a dialysis ward due to possible stigma.

In the Netherlands, the national implementation of online patient-reported outcome
measures (PROMs) in routine dialysis care has been challenging. A recent pilot study on the
evaluation of two PROMs, the short from 12 (SF-12) that consists of 12 items and the Dialysis
Symptom Index (DSI) that consists of 36 items, found a low average response rate of 36% with
high variability among dialysis centers.(51) Average duration of completing these PROMs was
12 minutes and 33% of patients needed support with reading questions out load and filling
out answers. Additional findings were the importance of communication about the content
and purpose of the PROMs with patients and the association between engagement of
professionals and response rates. Furthermore, individual feedback on PROM scores was
crucial for patients and discussing these scores with a healthcare professional was rated as
highly insightful and valuable. As stated by van der Willik and colleagues, the implementation
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of an extra PROM on depression and anxiety should be accompanied by clear communication
on the content and purpose to both health care providers and dialysis patients to make it
acceptable.(51) Future research should focus on the acceptability of adding screening
instruments on depression and anxiety to the current PROM'’s in the Netherlands and on
optimal implementation strategies in the dialysis setting.

The seventh criterion is that the natural history of the condition should be adequately
understood. There are studies on the clinical course of symptoms of depression and anxiety
in dialysis patients that show that these symptoms do not remit spontaneously if left
untreated.(52, 53) However, other studies report that high depression scores in dialysis
patients may also be temporary due to the high rates of intermittent, distressing events like
cardiovascular events or hospitalization.(45) In chapter 9 of this thesis, we saw a clinically
important decrease in depression symptoms in both the treatment and control group after
the intervention. Besides other explanations, this could be caused by regression to the mean.
In chapter 6 we investigated the impact of a major stressful event like a pandemic on symptom
levels of depression and anxiety. We found that patients with high levels of COVID-19 related
stress also reported high depression scores and decreased mental health related quality of
life. Yet, de pandemic did not seem to have further increased their symptom severity
compared to pre-pandemic levels. This finding is in accordance with a large cohort study on
patients with depressive, anxiety and obsessive-compulsive disorders from the general
population. The pandemic caused a detrimental effect on mental health in these patients with
preexistent mental health disorders, but no greater increase in symptoms was reported during
the pandemic.(54) More research on the natural course of symptoms of depression and
anxiety in dialysis patients is needed before this criterion is met.

The eighth criterion is that there should be an agreed policy on whom to treat as patients. As
stated in the introduction of this thesis, self-report scales are generally preferred for screening
in both clinical and research settings for pragmatic reasons such as time and costs.(40, 55)
However, high depression scores in dialysis patients may also be temporary due to the high
rates of intermittent, distressing events like cardiovascular events or hospitalization.(27) It is
suggested that indication for treatment should be defined by a diagnosis of depressive of
anxiety disorder made by a psychologist or psychiatrist, or sustained high depression and
anxiety symptom scores over multiple assessments.(33) On the other hand, treating
symptoms of depression and anxiety in an earlier stage might prevent worsening of symptoms
and the development of major depressive disorders and anxiety disorders.

The ninth criterion is that there should be an economical balance in the costs of case-finding.
As previously said, clinical trials on psychotherapy are scarce and evidence on cost-
effectiveness is even scarcer. More research is needed into the cost-effectiveness of
treatments of depression and anxiety in dialysis patients and on the effect of health outcomes
such as hospitalization and mortality.

The tenth criterion is that case-finding should be a continuing process. Screening for
depression is recommended biannually in International guidelines which would meet this
criterion.(3) During the implementation of the PROM’s in the Netherlands it was found that a
frequency of two to four times a year is preferred by most patients.(56)

224



General discussion

In summary, despite the additional evidence on depression and anxiety in dialysis patients
presented in this thesis, there are still gaps in the current literature that prevent successful
implementation of screening for depression and anxiety in dialysis patients in the near future.
It is important to be reserved in implementing screening and treatment strategies without
sufficient scientific evidence to promote these strategies. More research is needed on cost-
effective treatment options and optimal implementation strategies of screening and
treatment for symptoms of depression and anxiety in dialysis patients.

Main conclusion

This thesis aimed to gain more insight in symptoms of depression and anxiety in dialysis
patients. Various studies on screening, symptom dimensions, the impact of the COVID-19
pandemic and on treatment of depression and anxiety were performed and enabled this
thesis to emphasize the interaction between soma and psyche, which increases the
complexity of identifying and treating symptoms of depression and anxiety in dialysis patients

Taken together, this thesis indicates that there is a large burden of symptoms of depression
and anxiety in dialysis patients. The somatic symptom dimension of anxiety is highly common
and is associated with adverse clinical outcomes such as hospitalization and mortality,
independent of comorbidity. We did not find a difference in symptom dimensions of
depression and anxiety between hemodialysis and peritoneal dialysis patients but we did find
that almost all patients experienced symptoms related to loss of energy, fatigue and insomnia.
This underscores the complex interplay between mental and physical health in this
population. Also, patients with pre-existent mental health symptoms are vulnerable to
experience increased levels of stress during major stressful events like pandemics.

Furthermore, in screening for depression and anxiety in dialysis patients the use of a general
distress score is not recommended and separate tools for depression and anxiety are needed.
Symptoms of anxiety can be identified with the use of appropriate screening tools and cutoff
scores validated in the dialysis population. However, successful implementation of screening
protocols for depression and anxiety in the near future is not possible due existing gaps in the
literature on cost-effective treatment options and optimal implementation strategies. Finally,
we did not find an additional effect of guided internet-based self-help problem solving therapy
for depressive symptoms in dialysis patients compared to care as usual. Development of
personalized treatment options of symptoms of depression and anxiety is needed in order to
adequately treat patients suffering from these symptoms and ultimately improve health
outcomes and quality of life of dialysis patients.
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General introduction

This focus of this thesis is on depression and anxiety in dialysis patients. Chapter 1 introduces
the topic of depression and anxiety in patients with chronic kidney disease. These patients are
dependent on dialysis therapy; a chronic, intensive and time-consuming treatment with high
physical and mental burden. Symptoms of depression and anxiety are common in dialysis
patients and develop in a complex interaction between biological, psychological and social
factors. These symptoms are associated with adverse outcomes such as decreased quality of
life and increased risk of hospital admission and mortality. Despite the high burden and
negative consequences, symptoms of depression and anxiety are often not identified or
treated in dialysis patients. In this thesis, data from two large cohort studies in dialysis patients
in the Netherlands are used to answer the following questions:

e Which screening tools can be used to identify hemodialysis patients who are in
need for further assessment and treatment of anxiety?

e What symptom dimensions of anxiety can be identified in dialysis patients and how
are these symptom dimensions associated with adverse clinical outcomes and
dialysis modality?

e What is the impact of the COVID-19 pandemic on anxiety and depression in
hemodialysis patients?

e What is the effectivity of treatment of depression in dialysis patients?

Screening

Diagnosing depression and anxiety in dialysis patients is challenging as symptoms of
depression and anxiety overlap with symptoms of kidney failure and dialysis therapy itself.
Furthermore, symptoms of depression and anxiety often coexist. The psychological concept
of ‘general distress’ includes symptoms of both depression and anxiety and may potentially
be useful for screening purposes. In Chapter 2 we assess this concept of ‘general distress’ by
combining scores of depression and anxiety. Our findings show that the concept of general
distress in dialysis patients is not suitable for screening. It is recommended to investigate
depression and anxiety separately in dialysis patients. Screening tools for depression have
been studied in dialysis patients, however, the few studies on screening tools for anxiety are
indecisive. In Chapter 3 we assess the accuracy of two widely used screening instruments for
anxiety in dialysis patients by a diagnosis of anxiety disorder based on a psychiatric interview.
Both instruments show good distinction between anxious and non-anxious patients and could
be used in clinical or research practice for the detection of symptoms of anxiety in dialysis
patients.

Symptom dimensions

Insight in symptom dimensions could aid in the understanding of symptoms of depression and
anxiety and their treatments. Symptom dimensions of depression have been studied in dialysis
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patients, but whether symptom dimensions of anxiety exist in dialysis patients remains largely
unknown. Furthermore, due to differences in autonomy, therapy burden and complications
between hemodialysis and peritoneal dialysis treatment, this could influence symptom
dimensions in patients treated with these different dialysis modalities. In Chapter 4 we
examine symptom dimensions of anxiety and identified a ‘somatic’ and ‘subjective’ symptom
dimension. Interestingly, only the somatic symptom dimension is related to hospital
admissions and mortality while the subjective dimension is not. Both symptom dimensions
are related to decreased quality of life. In Chapter 5 we assess the relation between dialysis
modality and symptom dimensions of depression and anxiety. Depression and anxiety and in
particular their somatic symptoms dimensions are highly common in both peritoneal and
hemodialysis patients. No differences are seen between these groups.

Impact of COVID-19

In the general population, symptoms of depression, anxiety and stress are common reactions
to the COVID-19 pandemic due to fear of the contagious disease itself, loss of employment
and financial insecurity, deaths of loved ones, forced quarantine and social isolation. Although
chronic disease is a risk factor for symptoms of stress, depression and anxiety during COVID-
19, the impact in dialysis patients remains largely unknown. In Chapter 6 we examine
symptoms of stress, depression, anxiety and quality of life before and during the COVID-19
pandemic in dialysis patients in the Netherlands. These symptoms do not increase during the
pandemic. However, one third of dialysis patients report to experience COVID-19 related
stress and have higher stress and depression levels and lower quality of life. Yet, de pandemic
did not seem to have further increased their symptom severity compared to pre-pandemic
levels.

Treatment

Although dialysis patients experience a high burden of symptoms of depression and anxiety,
much is still unknown regarding the effect of treatment for these symptoms. In Chapter 7 we
systematically searched and summarized all studies on treatment for depression and anxiety
in dialysis patients. While there were few studies investigating this topic with methodological
issues, we found promising evidence for psychotherapy as a treatment of depressive
symptoms in dialysis patients. However, more research is need before a definite answer to
this question can be provided. Chapter 8 describes the study protocol of a large study in 18
dialysis centers in the Netherlands investigating the effect of an online self-help
psychotherapy treatment on tablet-computers during hemodialysis sessions on symptoms of
depression, supported online by a therapist. The results of this study are presented in Chapter
9. Depression scores improved in both the treatment and control group by 21%, but no
indication was found for an additional positive effect of online self-help psychotherapy in
dialysis patients compared to usual care. It could be possible that this intervention is more
suitable for younger dialysis patients with adequate computer skills.
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General discussion

Chapter 10 is the final chapter of this thesis and aims to interpret and explore the implications
in clinical practice of all presented results and provides suggestions for future research.
Despite the additional evidence on depression and anxiety in dialysis patients presented in
this thesis, there are still gaps in the current literature that prevent successful implementation
of screening for depression and anxiety in dialysis patients in the near future. Future research
should try to fill in these gaps and examine how to best design the content and accessibility of
an intervention for symptoms of depression and anxiety in hemodialysis patients.
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Introductie

Hoofdstuk 1 introduceert het onderwerp van dit proefschrift: depressie en angst bij
dialysepatiénten. Patiénten met chronisch nierfalen zijn afhankelijk van dialysetherapie. Dit is
een chronische, intensieve en tijdrovende behandeling waar patiénten een hoge lichamelijke
en mentale last door ervaren. Symptomen van depressie en angst komen veel voor bij
dialysepatiénten en ontstaan door een complexe interactie tussen biologische,
psychologische en sociale factoren. Deze symptomen zijn geassocieerd met verminderde
kwaliteit van leven en verhoogde kans op ziekenhuisopnames en sterfte. Ondanks de grote
last die patiénten ervaren en de negatieve consequenties, worden symptomen van depressie
en angst bij dialysepatiénten vaak niet herkend en behandeld. In dit proefschrift worden de
data van twee grote studies in Nederland gebruikt om de volgende vragen te beantwoorden:

o Welke screeningsinstrumenten kunnen gebruikt worden om dialysepatiénten te
identificeren die verdere beoordeling van en hulp nodig hebben voor hun
angstklachten?

o Welke symptoomdimensies van angst kunnen er worden geidentificeerd in
dialysepatiénten en hoe zijn deze symptoomdimensies geassocieerd aan negatieve
consequenties en dialysemodaliteit?

e Wat is de impact van de COVID-19 pandemie op angst en depressie bij
hemodialysepatiénten?

e Wat is de effectiviteit van behandeling van depressie bij dialysepatiénten?

Screenen

Doordat symptomen van depressie en angst overlappen met de symptomen van nierfalen en
dialysetherapie en vaak samen voor komen, kan het diagnosticeren van depressie en angst bij
dialysepatiénten lastig zijn. Het psychologische concept ‘algemene smart’ (general distress)
bevat zowel symptomen van depressie als angst en zou mogelijk nuttig kunnen zijn voor
screeningsdoeleinden. In Hoofdstuk 2 onderzoeken we dit concept door het combineren van
depressie- en angstscores. Onze bevindingen laten zien dat het concept van algemene smart
niet geschikt is voor het screenen van dialysepatiénten. In Hoofdstuk 3 hebben we de
nauwkeurigheid van twee veelgebruikte screeningsinstrumenten voor angstklachten
onderzocht bij dialysepatiénten door deze te vergelijken met diagnoses van angststoornissen
vastgesteld door een psychiatrisch interview. Beide instrumenten kunnen goed onderscheid
maken tussen patiénten met en zonder angst en zouden kunnen worden gebruikt in de
praktijk of in onderzoek naar angstsymptomen bij dialysepatiénten.

Symptoom dimensies

Inzicht in symptoomdimensies zou kunnen helpen bij het beter begrijpen en behandelen van
depressie- en angstsymptomen bij dialysepatiénten. Symptoomdimensies van angst zijn nog
niet eerder onderzocht. Doordat hemodialyse (filtering door een kunstnier) en peritoneaal
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dialyse (filtering door het buikvlies) verschillen in autonomie, ervaren last van de behandeling
en in complicaties, zou de dialysemodaliteit invloed kunnen hebben op symptoomdimensies
van depressie en angst. In Hoofdstuk 4 hebben we een ‘somatische’ en ‘subjectieve’
symptoomdimensie van angst gevonden. Alleen de somatische symptoomdimensie is
gerelateerd aan ziekenhuisopnames en sterfte en beide symptoomdimensies zijn gerelateerd
aan verminderde kwaliteit van leven. In Hoofdstuk 5 hebben we gekeken naar de relatie
tussen dialysemodaliteit en symptoomdimensies. Hierbij zien we dat van zowel depressie als
angst vooral de somatische symptoomdimensies veel voorkomen in zowel hemodialyse als
peritoneaal dialyse patiénten. We vinden geen verschillen tussen de groepen.

Impact van COVID-19

In de algemene populatie zijn symptomen van depressie, angst en stress veelvoorkomende
reacties op de COVID-19 pandemie door angst voor de ziekte zelf, werkloosheid en financiéle
onzekerheid, overlijden van naasten, quarantaineplicht en sociale isolatie. Ondanks dat
chronische ziektes een risicofactor zijn voor het ontwikkelen van symptomen van depressie,
angst en stress tijdens COVID-19, is de impact van de pandemie nog niet goed onderzocht bij
dialysepatiénten. In Hoofdstuk 6 hebben we symptomen van stress, depressie en angst en
kwaliteit van leven in dialysepatiénten tijdens de pandemie vergeleken met daarvoor. We
hebben geen toename van deze symptomen gevonden tijdens de pandemie. Echter, een
derde van de dialysepatiénten gaf aan COVID-19 gerelateerde stress te ervaren en deze
patiénten rapporteerden meer symptomen van stress en depressie en slechtere kwaliteit van
leven dan patiénten zonder COVID-19 gerelateerde stress.

Behandeling

Ondanks dat dialysepatiénten een hoge last ervaren van depressie- en angstsymptomen, is er
nog veel onduidelijk over de effectiviteit van de behandelingen voor deze symptomen. In
Hoofdstuk 7 hebben we een systematische literatuurstudie gedaan naar de behandeling van
depressie en angst bij dialysepatiénten. Ondanks dat we maar weinig kwalitatief goede studies
hebben gevonden, zagen we veelbelovend bewijs voor psychotherapeutische behandeling
voor depressie bij dialysepatiénten. Hoofdstuk 8 beschrijft het onderzoeksprotocol van een
grote studie uitgevoerd in 18 dialysecentra in Nederland, waarin het effect van een online
zelfhulp psychotherapie op symptomen van depressie bij dialysepatiénten werd onderzocht.
De resultaten van deze studie worden gepresenteerd in Hoofdstuk 9. Depressiescores
verbeterden met 21% in zowel de behandel- als de controlegroep. Er werd geen bewijs
gevonden dat er een aanvullend positief effect was van de online zelfhulp psychotherapie in
dialysepatiénten naast de gewone zorg. Deze behandeling zou mogelijk meer geschikt kunnen
zijn voor jonge dialysepatiénten met computervaardigheden.

Discussie

Hoofdstuk 10 is het laatste hoofdstuk van dit proefschrift en hier worden alle resultaten
geinterpreteerd, de klinische gevolgen van deze resultaten uiteengezet en worden suggesties
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gedaan voor toekomstig onderzoek. Ondanks de aanvullende kennis over depressie en angst
bij dialysepatiénten in dit proefschrift, zijn er nog steeds onduidelijkheden in de literatuur
waardoor succesvolle implementatie van screening voor depressie en angst bij
dialysepatiénten op korte termijn nog niet mogelijk is. Toekomstig onderzoek zal moeten
proberen deze gaten in de kennis over dit onderwerp te dichten en onderzoeken hoe de
inhoud en toegankelijkheid van een interventie voor depressie en angst bij dialysepatiénten
het best ontworpen zouden kunnen worden.
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