Prevalence and trajectories of subjective cognitive complaints and implications for patient outcomes: a prospective study of haemodialysis patients
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Abstract
Objectives: Cognitive impairment is common in haemodialysis patients and is associated with increased hospitalisation and mortality. However, subjective cognitive complaints (SCCs), the self-experienced difficulties in everyday cognitive activities, remain poorly understood. This study examined the prevalence and course of SCCs in haemodialysis patients and the longitudinal associations between SCCs and sociodemographic, clinical, and patient-reported variables.
Design: Observational prospective study with baseline and 12-month follow-up assessment
Methods: Based on a validated cut-off point on the Kidney Disease Quality of Life Cognitive Function subscale, haemodialysis patients (N = 159; 40.3% female, mean age 53.62) were classified into clinical impairment trajectories: (1) resilient (60.4%; no/low SCCs throughout); (2) persistent (8.8%; stable high SCCs indicative of clinical impairments); (3) deterioration (17.6%; from no to probable impairments); and (4) recovery (13.2%; from probable to no impairment). Sociodemographic/clinical variables, self-efficacy, self-management skills, adherence, mood, and biochemical assays were measured at both assessments and compared among trajectories using mixed ANOVAs.
Results: Interaction effects indicated significant improvements in the recovery group in clinical outcomes (i.e., decreased phosphorus and calcium-phosphorus product), self-efficacy, and mood over time. Group effects indicated significantly poorer self-efficacy, self-management skills, and adherence in the persistent group than other trajectories across both assessments. None of the sociodemographic/clinical characteristics was associated with SCC trajectories.
Conclusions: Clinically significant SCCs vary over time across haemodialysis patients. Routine screening of SCCs in dialysis settings may help identifying patients at risk of poor self-management and worse prognosis. Strategies that compensate for cognitive lapses may mitigate the perceived cognitive burden of this population.
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Introduction
End-stage renal disease (ESRD) is the most advanced stage of chronic kidney disease where kidney function is irreversibly lost, necessitating kidney dialysis or transplantation (Himmelfarb et al., 2020; Levey & Coresh, 2012). Although the use of dialysis and transplantation has transformed ESRD from an acute life-limiting disease to a chronic disease, ESRD is accompanied by substantial treatment and symptom burden that interferes with patients’ daily functioning and quality of life (Curtin et al., 2002; Goh & Griva, 2018; Hedayati & Finkelstein, 2009; Weisbord et al., 2005; Zhang et al., 2020).
The burden of cognitive impairments (CIs) in ESRD has been well documented in the literature. CIs refer to deficits in cognitive domains such as attention, memory, and executive function and its severity can range from mild impairments to dementia. These impairments may start to manifest in early stages of chronic kidney disease (Berger et al., 2016; Brodski et al., 2019) and are not fully reversible by dialysis or transplantation (Joshee et al., 2018; San et al., 2017; Shea et al., 2019; Wolfgram, 2018). CIs have been found to be more prevalent in haemodialysis (HD) patients compared to the general population (O’Lone et al., 2016; San et al., 2017) and are also associated with increased risks of functional disability, hospitalisation, mortality, and dialysis withdrawal (Griva et al., 2010; Kallenberg et al., 2016; Murray, 2008). These associations are usually thought to be due to CIs interfering with self-management capabilities, adherence behaviours, and decision-making processes (Berger et al., 2016; Iyasere et al., 2017; Tian et al., 2019), however evidence is scarce.
Although CIs in ESRD patients have been extensively researched in the past decades, our understanding of the practical implications of CIs in this population is still limited. Most prior work relied on standardised neuropsychological tests (Berger et al., 2016; Shea et al., 2019; Tian et al., 2019; Vanderlinden et al., 2019), which albeit sensitive in detecting CIs, are considered to be less reflective of patients’ self-experienced cognitive difficulties in everyday activities (Law et al., 2012; Song et al., 2015; Thornton & Dumke, 2005). Some patients may perform within the normal range on neuropsychological tests but are starting to experience subtle cognitive changes and increasing cognitive efforts in everyday tasks (Rabin et al., 2017). Subjective cognitive complaints (SCCs), the self-reported difficulties in everyday cognitive tasks based on patients’ accumulative experience, may therefore provide additional meaningful information on the everyday manifestation of CIs. Importantly, the presence of SCCs constitutes the earliest symptomatic manifestation of cognitive decline (Jessen et al., 2014) which may predict progression to dementia (Rabin et al., 2017). Understanding SCCs is therefore crucial for improving patient-centred care and allowing early detection of CIs.
We also have very limited information on the association between cognition and other real-world functioning outcomes such as self-management skills and adherence behaviours in the context of ESRD. Successful self-management of ESRD requires patients to actively process, access and act upon health information in order to monitor and evaluate their health condition (e.g., weight gain), manage symptoms, and effectively communicate with the healthcare team (Cukor et al., 2020). The HD regime comprises complex behaviours related to diet, fluid, and medication intake that are novel and cognitively demanding. For patients with CIs or SCCs, these tasks may be particularly taxing and therefore they may be less likely to have optimal self-management as limited cognitive capabilities may interfere with activation and performance of health actions and may undermine self-confidence and motivation for self-management. Song et al. (2015) found that only HD patients’ SCCs, and not objective cognitive function, were associated with daily functioning assessed by the basic and instrumental Activities of Daily Living scale. SCCs therefore, may have additional utility on top of objective tests in predicting real-world outcomes.
The longitudinal course of cognition over the HD treatment course is currently not well understood. While several longitudinal studies investigated changes in objective neuropsychological test performance over time in HD patients, evidence is mixed. One study noted a significant loss of executive function in incident dialysis patients following dialysis initiation (Kurella Tamura et al., 2017) and studies on prevalent dialysis patients reported decline in global cognition over one (Bossola et al., 2011) and two years (Iyasere et al., 2017). Murali et al. (2021) noted that the course may not be uniform as memory function was shown to improve in those newly-initiated onto dialysis in the past year but remain stable for those with a dialysis vintage longer than a year. SCCs on the other hand have also been shown to improve over time in HD patients (Song et al., 2018). The observed inconsistencies highlight potential inter-individual variability in the patterns of change and the need to further study cognitive trajectories, factors associated with these trajectories, and their implications in terms of clinical, behavioural, and psychosocial outcomes.
To address these critical gaps, this prospective study aimed (1) to examine the prevalence and course of SCCs over 12 months in HD patients, (2) to explore the proportion of patients exhibiting different cognitive complaint trajectories over time, and (3) to examine the associations of these trajectories with sociodemographic and clinical profile, key clinical outcomes (e.g., potassium, phosphorus, etc.), and patient-reported outcomes (i.e., self-efficacy, self-management skills, treatment adherence, and mood symptoms).
Methods
Design
The current study is based on data from two studies undertaken at the same period in the National Kidney Foundation (NKF) of Singapore: an observational study of HD patients (Ng et al., 2015) and a randomised controlled trial evaluating the effectiveness of a self-management intervention for HD patients (Griva, Nandakumar, et al., 2018). Data collected at baseline and at 12-month follow-up were used. For the randomised controlled trial, only data from the control group (no intervention) were used. NKF is a non-profit organisation in Singapore that provides community-based HD treatment. The study protocols were approved by the institutional review board of National University of Singapore and are in compliance with the Helsinki declaration (Griva et al., 2011). Details of the recruitment procedure can be found in previous publications (Griva et al., 2011; Griva, Lam, et al., 2018; Griva, Nandakumar, et al., 2018; Ng et al., 2015).
Participants
Participants were recruited from 14 NKF dialysis centres across Singapore. The inclusion criteria were being 21 years of age or older, established on HD treatment in one of the NKF dialysis centres, and fluent in either English, Mandarin, or Malay. Individuals were excluded if they were only able to converse in dialects or Tamil, or had documented major sensory, motor, or cognitive impairments that would prohibit informed consent, or limited life expectancy due to comorbidity such as advanced stage/terminal malignancy. Individuals enlisted to participate in other interventions not part of usual care during the study duration were also excluded.
Procedure
A list of eligible patients was provided by the nurse manager in each participating dialysis centre who were aware of the eligibility criteria. A research team member fluent in the patients’ preferred language approached each patient for invitation to the study. Patients were administered the questionnaires (sociodemographic information and patient-reported outcomes) if they consented to participate. Upon completion, participants were given a small cash reimbursement. Questionnaires were administered at baseline and at a 12-month follow-up. Procedures for both assessments were similar.
Measures
Sociodemographic and clinical information. Self-reported demographic information was collected from each participant including gender, age, ethnicity, educational level, marital and employment status, and household income. Clinical variables extracted from the medical record included age at ESRD diagnosis; primary kidney disease diagnosis; duration on HD; presence of cerebrovascular disease, hypertension, and diabetes; the Charlson Comorbidity Index (CCI) (Charlson et al., 1987; Hemmelgarn et al., 2003); dialysis adequacy (Kt/V); biochemical lab assays including serum phosphorus, serum potassium, and calcium-phosphorus product (Ca  PO4); and relative interdialytic weight gain (IDWGr), which is the ratio of absolute IDWG to a patient’s dry weight at each midweek dialysis session during the assessment period. The lab test results and IDWGr were collect at both baseline and 12-month follow-up.
Subjective cognitive complaints. SCCs were measured at both time points by the Kidney Disease Quality of Life Cognitive Function subscale (KDQOL-CF). The KDQOL is a measure of quality of life in patients with kidney disease (Hays et al., 1994; Rao et al., 2000) and has been validated in HD patients in Singapore (Chen et al., 2016; Yang et al., 2013). The KDQOL-CF subscale assesses SCCs using three items: “During the past 4 weeks, how much of the time did you (1) react slowly to things that were said or done, (2) have difficulty concentrating or thinking, and (3) become confused” (Kurella et al., 2004). Participants were asked to respond on a six-point Likert scale ranging from “none of the time” to “all of the time” (Kurella et al., 2004). The total score of KDQOL-CF ranges from 0 to 100, with higher scores indicating better self-perceived cognitive functioning (Hays et al., 1994; Rao et al., 2000). A cut-off point of 60 on the KDQOL-CF was recommended by Kurella et al. (2004) to differentiate ESRD patients with and without probable CIs.
Self-efficacy. Self-efficacy was measured by two scales: the 6-item Self-Efficacy to Manage Chronic Disease (SEMCD) scale to measure self-efficacy for general demands of chronic disease (e.g., “How confident are you that you can keep the physical discomfort or pain of your disease from interfering with the things you want to do”) (Ritter & Lorig, 2014) and a dialysis-specific scale, the Self-Efficacy to Adhere to Treatment Recommendations (SEATR) scale. The latter was developed following formative qualitative work with HD patients (Griva et al., 2013), review by expert panel of renal health professionals, and a pilot with four HD patients (Griva et al., 2011). The SEATR contains eight items that assess participants’ self-confidence to adhere to their treatment recommendations related to fluid intake, diet, and medication (e.g., “How confident are you that you can limit your fluid intake”). For both questionnaires, participants were asked to rate on a 10-point Likert scale, ranging from “not at all confident” to “totally confident” (Ritter & Lorig, 2014). Higher total scores indicate higher disease or treatment self-efficacy.
Self-management skills. Self-management skills were measured by the skills and technique acquisition, self-monitoring and insight, and health services navigation subscales of the Health Education Impact Questionnaire (heiQ) (Osborne et al., 2007). The skills and technique acquisition subscale assesses knowledge-based skills and techniques that help patients manage symptoms or health problems (e.g., “When I have symptoms, I have the skills that help me cope”) (Osborne et al., 2007). The self-monitoring and insight subscale assesses patients’ ability to monitor their health condition (e.g., “I carefully watch my health and do what is necessary to keep as healthy as possible”) (Osborne et al., 2007). The health services navigation subscale measures patients’ ability to communicate and negotiate with healthcare providers to get their needs met (e.g., “I communicate very confidently with my doctor about my healthcare needs”) (Osborne et al., 2007). Higher scores indicate better self-management skills in these domains.
Treatment adherence. Medication adherence was assessed with the Medication Adherence Report Scale (MARS-5 ©Professor Rob Horne) (Chan et al., 2020; Horne & Weinman, 2002; Wei et al., 2017) that includes 5 items (e.g., “I alter the dose”) rated on a five-point Likert scale ranging from “never” to “always”. Higher total scores signify higher medication adherence. To measure adherence with regards to the other treatment aspects, we used the 25-item Renal Adherence Behaviour Questionnaire (RABQ) (Rushe & Mcgee, 1998) that comprises 5 subscales: fluid restrictions, potassium and phosphate intake, sodium intake, adherence in times of particular difficulty, and self-care, all rated on a five-point scale ranging from “never” to “always”. Higher subscale and total scores indicate higher adherence.
Mood symptoms. Given the consistently documented associations between SCCs and mood (Jessen et al., 2014, 2020; Molinuevo et al., 2017; Rabin et al., 2017), the Hospital Anxiety and Depression Scale (HADS) was administered (Leung et al., 1993; Zigmond & Snaith, 1983). HADS is a 14-item self-report measure that assesses depression (7 items; e.g., “I feel miserable and sad”) and anxiety (7 items; e.g., “I get sudden feelings of panic”). Individuals respond to each item on a four-point Likert-type scale that varies depending on the item, but generally reflects frequency (i.e., 0 = not at all to 3 = all the time) during the past week. Higher scores indicate more severe depressive or anxious symptoms.
Statistical analyses
Descriptive statistics were computed for demographic, clinical, and patient-reported variables. Two variables were derived from the KDQOL-CF scores: (1) total sum score of the KDQOL-CF as a continuous variable to indicate frequency of SCCs in line with prior work (Griva et al., 2012), and (2) binary classification of KDQOL-CF scores into “probable CIs” (i.e., < 60) vs. “no CI” groups (i.e.,  60) based on a validated cut-off point (Kurella et al., 2004). A paired-samples t-test was run to examine overall change in the continuous KDQOL-CF scores from baseline to follow-up in the entire sample. A Chi-squared test was also run to examine change in the proportion of patients classified into the “probable CIs” group from baseline to follow-up.
Based on the binary classification of KDQOL-CF at two time points, individual trajectories of SCCs over the 12-month period were then determined by categorising patients into four groups: (1) resilient (i.e., no CI at both time points); (2) persistent (i.e., probable CIs at both time points); (3) deterioration/new-onset CIs (i.e., no CI at baseline with new-onset complaints signifying probable CIs at follow-up); and (4) recovery (i.e., probable CIs at baseline but no CI at follow-up). Prevalence of each trajectory was calculated. ANOVAs and Chi-squared tests were conducted to compare baseline sociodemographic and clinical characteristics between the four trajectory groups. We also performed a series of 4 (trajectory groups)  2 (time points) mixed ANOVAs examining longitudinal changes in clinical outcomes (i.e., serum phosphorus, serum potassium, Ca  PO4, and IDWGr) and patient-reported outcomes (i.e., self-efficacy, self-management skills, treatment adherence, and mood symptoms) across the four trajectory groups. Significant main effects or interactions were followed up by post-hoc comparisons (i.e., paired samples t-tests, independent samples t-tests, or one-way ANOVAs).
Since depressive and anxious symptoms were found to be strongly associated with SCCs (Jessen et al., 2014, 2020; Molinuevo et al., 2017; Rabin et al., 2017) and were also considered as important predictors of self-efficacy (Paterson et al., 2018) and adherence (Clark et al., 2014; Ghimire et al., 2015), it is possible that any association between SCCs and patient outcomes that emerged from our analyses is mainly driven by mood symptoms. Therefore, as sensitivity analyses, we performed another series of 4 (trajectory groups)  2 (time points) mixed ANOVAs on clinical outcomes (i.e., serum phosphorus, serum potassium, Ca  PO4, and IDWGr) and health behaviour outcomes (i.e., self-efficacy, self-management skills, treatment adherence) while controlling for mood.
Results
Sample characteristics
Of the 1076 patients screened, 652 were eligible and 305 (46.8%) provided consent to participate. Patients in the intervention arm of the randomised controlled trial were excluded from the present paper. Within the remaining 201 patients, 42 (20.9%) dropped out after baseline. Therefore, only 159 patients who completed both assessments were included in the analyses. The main reasons for dropout were lack of time or interest.
The majority of patients were male (59.7%), of Chinese (50.6%) or Malay (40.3%) ancestry, received secondary education or lower (82.9%), were in a relationship (70.4%), unemployed (53.3%), and reported a household income lower than S$2000 a month (55.6%). The mean duration of HD was 50.60 months. Sociodemographic and clinical characteristics of the 159 participants are presented in Table 1.
Overall change in cognitive complaints over 12 months
The average KDQOL-CF score in the whole sample was 70.38 (SD = 22.26) at baseline and 68.72 (SD = 21.46) at follow-up, which indicated that patients experienced SCCs from “a little of the time” to “some of the time” on average at both time points. A paired-samples t-test revealed no significant difference in KDQOL-CF scores between the two time points, t(158) = 0.86, p = .394, d = 0.07.
Using the cut-off point of 60 on KDQOL-CF (Kurella et al., 2004), participants were classified into two groups at both time points. Thirty-five patients (22.0%) were considered to have probable CIs (i.e., scored below 60 on KDQOL-CF) at baseline. Forty-two patients (26.4%) had probable CIs at follow-up. A Chi-squared test between baseline grouping and follow-up grouping showed a significant result, χ2(1) = 4.26, p = .039, V = 0.16, indicating a significant increase in the proportion of patients reporting probable CIs from baseline (22.0%) to follow-up (26.4%).
Individual trajectories of change in cognitive complaints
Using the cut-off point of 60 on KDQOL-CF (Kurella et al., 2004), patients were classified into four trajectories: (1) resilient (i.e., stable levels of no/low complaints across time; N = 96, 60.4%); (2) persistent (i.e., stable levels of frequent complaints indicating probable CIs at both time points; N = 14, 8.8%); (3) deterioration (i.e., no CI at baseline with increased complaints at follow-up indicating probable CIs; N = 28, 17.6%); and (4) recovery (i.e., probable CIs at baseline with diminished complaints at follow-up; N = 21, 13.2%). Means and standard deviations of KDQOL-CF scores in the four trajectory groups at both time points are reported in Table 2.
Differences between trajectories in sociodemographic and clinical characteristics
ANOVAs and Chi-squared tests were performed to evaluate differences between trajectory groups in baseline sociodemographic and clinical characteristics (see Table 1). None of the sociodemographic and clinical characteristics was associated with patterns of change in SCCs over time in HD patients.
Table 1. Sociodemographic and clinical characteristics of study participants and comparisons between trajectory groups.
	 
	Total
(N = 159; 100.0%)
	Resilient
(N = 96; 60.4%)
	Persistent
(N = 14; 8.8%)
	Deterioration
(N = 28; 17.6%)
	Recovery
(N = 21; 13.2%)
	p value
	Effect size

	
	Mean (SD) / N (%)
	
	

	Sociodemographic variables
	
	
	
	
	
	
	

	
	Gender
	
	
	
	
	
	.367
	0.14

	
	
	Female
	64 (40.3%)
	41 (42.7%)
	7 (50.0%)
	11 (39.3%)
	5 (23.8%)
	
	

	
	
	Male
	95 (59.7%)
	55 (57.3%)
	7 (50.0%)
	17 (60.7%)
	16 (76.2%)
	
	

	
	Age (years)
	53.62 (10.75)
	53.17 (10.80)
	52.00 (9.36)
	53.07 (13.45)
	57.52 (6.28)
	.346
	0.02

	
	Ethnicity
	
	
	
	
	
	.746
	0.11

	
	
	Chinese
	78 (50.6%)
	44 (47.3%)
	9 (64.3%)
	12 (46.2%)
	13 (61.9%)
	
	

	
	
	Malay
	62 (40.3%)
	41 (44.1%)
	5 (35.7%)
	10 (38.5%)
	6 (28.6%)
	
	

	
	
	Indian
	13 (8.4%)
	7 (7.5%)
	0 (0.0%)
	4 (15.4%)
	2 (9.5%)
	
	

	
	
	Others
	1 (0.6%)
	1 (1.1%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	
	

	
	Highest education
	
	
	
	
	
	.696
	0.10

	
	
	Secondary or lower
	131 (82.9%)
	78 (81.3%)
	13 (92.9%)
	24 (85.7%)
	16 (80.0%)
	
	

	
	
	Post-secondary or higher
	27 (17.1%)
	18 (18.8%)
	1 (7.1%)
	4 (14.3%)
	4 (20.0%)
	
	

	
	Relationship status
	
	
	
	
	
	.315
	0.15

	
	
	In a relationship
	112 (70.4%)
	64 (66.7%)
	9 (64.3%)
	21 (75.0%)
	18 (85.7%)
	
	

	
	
	Not in a relationship
	47 (29.6%)
	32 (33.3%)
	5 (35.7%)
	7 (25.0%)
	3 (14.3%)
	
	

	
	Working status
	
	
	
	
	
	.196
	0.19

	
	
	Working
	64 (46.7%)
	41 (46.6%)
	3 (25.0%)
	10 (45.5%)
	10 (66.7%)
	
	

	
	
	Not working
	73 (53.3%)
	47 (53.4%)
	9 (75.0%)
	12 (54.5%)
	5 (33.3%)
	
	

	
	Household income
	
	
	
	
	
	.068
	0.24

	
	
	S$2000 or below
	69 (55.6%)
	37 (49.3%)
	8 (66.7%)
	16 (80.0%)
	8 (47.1%)
	
	

	
	
	Above S$2000
	55 (44.4%)
	38 (50.7%)
	4 (33.3%)
	4 (20.0%)
	9 (52.9%)
	
	

	Clinical characteristics
	
	
	
	
	
	
	

	
	Age at ESRD diagnosis
	45.69 (14.04)
	44.21 (14.43)
	44.50 (13.15)
	46.25 (15.03)
	52.85 (9.07)
	.092
	0.04

	
	Primary kidney disease diagnosis
	
	
	
	
	.460
	0.18

	
	
	Diabetic nephropathy
	58 (38.7%)
	32 (34.8%)
	3 (21.4%)
	12 (48.0%)
	11 (57.9%)
	
	

	
	
	Primary glomerulonephritis
	44 (29.3%)
	30 (32.6%)
	3 (21.4%)
	7 (28.0%)
	4 (21.1%)
	
	

	
	
	Hypertension
	13 (8.7%)
	8 (8.7%)
	1 (7.1%)
	2 (8.0%)
	1 (5.3%)
	
	

	
	
	IgA nephropathy
	7 (4.7%)
	3 (3.3%)
	2 (14.3%)
	2 (8.0%)
	1 (5.3%)
	
	

	
	
	Polycystic kidney disease
	3 (2.0%)
	1 (1.1%)
	1 (7.1%)
	0 (0.0%)
	1 (5.3%)
	
	

	
	
	Others/uncertain aetiology
	25 (16.7%)
	18 (19.6%)
	4 (28.6%)
	2 (8.0%)
	1 (5.3%)
	
	

	
	Duration on HD (months)
	50.60 (53.79)
	57.93 (56.35)
	47.50 (45.15)
	40.46 (56.45)
	33.05 (37.83)
	.169
	0.03

	
	Presence of cerebrovascular disease
	
	
	
	
	.394
	0.14

	
	
	No
	136 (85.5%)
	82 (85.4%)
	10 (71.4%)
	25 (89.3%)
	19 (90.5%)
	
	

	
	
	Yes
	23 (14.5%)
	14 (14.6%)
	4 (28.6%)
	3 (10.7%)
	2 (9.5%)
	
	

	
	Presence of hypertension
	
	
	
	
	
	.291
	0.15

	
	
	No
	13 (8.2%)
	11 (11.5%)
	0 (0.0%)
	1 (3.6%)
	1 (4.8%)
	
	

	
	
	Yes
	146 (91.8%)
	85 (88.5%)
	14 (100.0%)
	26 (96.4%)
	20 (95.2%)
	
	

	
	Presence of diabetes
	
	
	
	
	
	.502
	0.12

	
	
	No
	88 (55.7%)
	56 (58.9%)
	9 (64.3%)
	13 (46.4%)
	10 (47.6%)
	
	

	
	
	Yes
	70 (44.3%)
	39 (41.1%)
	5 (35.7%)
	15 (53.6%)
	11 (52.4%)
	
	

	
	Charlson comorbidity index accounted for age
	4.82 (2.16)
	4.80 (2.32)
	4.57 (2.28)
	4.71 (2.03)
	5.19 (1.47)
	.834
	0.01

	 
	Dialysis adequacy (Kt/V)
	1.48 (0.57)
	1.53 (0.63)
	1.49 (0.32)
	1.43 (0.60)
	1.31 (0.29)
	.443
	0.02

	* p < .050.
	
	
	
	
	
	
	


Notes. Effect sizes are either partial eta-square (ANOVA) or Cramer’s V (Chi-squared). N = Sample size; SD = Standard deviation; ESRD = End-stage renal disease; HD = Haemodialysis.
Differences between trajectories in clinical and patient-reported outcomes
A series of 4 (trajectory groups)  2 (time) mixed ANOVAs were performed to examine longitudinal changes in clinical (i.e., serum phosphorus, serum potassium, Ca  PO4, and IDWGr) and patient-reported outcomes (i.e., self-efficacy, self-management skills, treatment adherence, and mood) across the four trajectory groups (see Table 2 and Figures 1-4). The main effect of time was found to be non-significant in all mixed ANOVAs, indicating that overall, there was no change in clinical or patient-reported outcomes from baseline to follow-up.
Clinical outcomes. The ANOVAs on serum potassium and IDWGr showed no significant main effect or interaction. However, a significant interaction was found for serum phosphorus (see Figure 1). Post-hoc comparisons showed that serum phosphorus decreased significantly from baseline to follow-up in the recovery group, t(19) = 3.18, p = .005, d = 0.71, but remained unchanged in the other three groups. Although there was no difference between groups in serum phosphorus at baseline, the recovery group had significantly lower serum phosphorus than the deterioration group at follow-up, t(43.92) = 3.61, p < .001, d = 1.00.
Similarly, there was a significant interaction for Ca  PO4 (see Figure 1). Post-hoc comparisons showed that Ca  PO4 decreased significantly from baseline to follow-up in the recovery group, t(19) = 3.45, p = .003, d = 0.77, whereas the other three groups showed no difference between time points. Although there was no difference between groups in Ca  PO4 at baseline, the recovery group had significantly lower Ca  PO4 than the deterioration group at follow-up, t(44.63) = 2.96, p = .005, d = 0.82.
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Figure 1. Mixed ANOVAs comparing serum phosphorus and calcium-phosphorus product among four trajectory groups across two time points.
Self-efficacy. The ANOVA on patients’ disease self-efficacy (SEMCD) revealed a significant group effect and a significant interaction (see Figure 2). Post-hoc comparisons showed that disease self-efficacy increased significantly over time in the recovery group, t(20) = -2.62, p = .016, d = 0.57, but remained unchanged in the other three groups. Also, at baseline, the resilient group had significantly higher disease self-efficacy than the persistent group, t(108) = 4.61, p < .001, d = 1.32. At follow-up, both the resilient and recovery groups had higher disease self-efficacy than the persistent and deterioration groups, F(3, 154) = 9.30, p < .001, η2 = 0.15.
In terms of treatment self-efficacy (SEATR), only the main effect of group was significant (see Figure 2). Pairwise comparisons showed that the persistent group had significantly lower treatment self-efficacy compared to the other three groups regardless of time.
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Figure 2. Mixed ANOVAs comparing disease and treatment self-efficacy among four trajectory groups across two time points.
Self-management skills. The ANOVAs on the skills and technique acquisition, self-monitoring and insight, and health services navigation subscales of the heiQ also revealed significant main effects of group (see Figure 3). For the skills and technique acquisition subscale, pairwise comparisons showed that the persistent group had poorer skills and techniques to manage symptoms or health problems than the resilient group regardless of time. For the self-monitoring and insight subscale, pairwise comparisons showed that the persistent group had poorer ability to monitor their own health than the resilient group and the recovery group regardless of time. For the health services navigation subscale, pairwise comparisons showed that the persistent group had poorer ability to communicate with healthcare providers than the other three groups regardless of time.
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Figure 3. Mixed ANOVAs comparing self-management skills among four trajectory groups across two time points.
Treatment adherence. The ANOVAs on MARS-5 and RABQ total scores both revealed a significant main effect of group (see Figure 4). For MARS-5, pairwise comparisons showed that the persistent group had poorer medication adherence compared to the other three groups regardless of time. Regarding RABQ, pairwise comparisons showed that the persistent group had poorer adherence in other treatment aspects (e.g., diet, fluid, etc.) compared to the recovery group regardless of time.
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Figure 4. Mixed ANOVAs comparing treatment adherence among four trajectory groups across two time points.
Mood symptoms. The ANOVA on depressive symptoms showed a significant main effect of group and a significant interaction. Post-hoc comparisons showed that there was a significant decrease in depressive symptoms from baseline to follow-up in the recovery group, t(20) = 2.94, p = .008, d = 0.64, while the other three groups showed no difference across time. At baseline, the recovery group had similar levels of depressive symptoms to the persistent group, and both were higher than the resilient group, F(3, 155) = 9.08, p < .001, η2 = 0.15. However, at follow-up, the recovery group had similar levels of depressive symptoms to the resilient group, and both were lower than the persistent complaints group, F(3, 155) = 11.24, p < .001, η2 = 0.18. In addition, although at baseline there was no difference between resilient and deterioration groups, t(122) = -1.86, p = .066, d = 0.40, the latter developed significantly higher depressive symptoms than the former at follow-up, t(122) = -3.85, p < .001, d = 0.83.
The ANOVA on anxious symptoms also showed a significant main effect of group and a significant interaction. Post-hoc comparisons showed that anxious symptoms diminished from baseline to follow-up in the recovery group, t(20) = 3.77, p = .001, d = 0.82, but remained unchanged in the other three groups. At baseline, the resilient group had significantly fewer anxious symptoms than the other three groups, F(3, 155) = 10.44, p < .001, η2 = 0.17. However, at follow-up, the difference between resilient and recovery groups became non-significant, and both reported fewer anxious symptoms than the persistent group, F(3, 154) = 9.60, p < .001, η2 = 0.16.
Mood symptoms as covariates. As mentioned, to determine whether the reported associations were driven by mood symptoms, we performed an additional series of mixed ANOVAs on clinical (i.e., serum phosphorus, serum potassium, Ca  PO4, and IDWGr) and health behaviour outcomes (i.e., self-efficacy, self-management skills, and treatment adherence) while controlling for change scores of depressive and anxious symptoms. Importantly, the results remained largely unchanged even after considering the effects of mood symptoms, indicating that the associations of SCCs with clinical and health behaviour outcomes were not fully accounted by mood.
Table 2. Mixed ANOVAs comparing clinical and patient-reported outcomes among four trajectory groups across two time points.
	 
	Resilient
(N = 96; 60.4%)
	Persistent
(N = 14; 8.8%)
	Deterioration
(N = 28; 17.6%)
	Recovery
(N = 21; 13.2%)
	 
	Mixed ANOVA

	
	Mean (SD)
	 
	Trajectory
	Time
	Interaction

	Clinical outcomes
	
	
	
	
	
	
	
	

	
	Serum phosphorus
	
	
	
	
	
	
	

	
	
	Baseline
	5.12 (1.32)
	5.36 (1.28)
	5.19 (1.30)
	5.16 (1.42)
	
	F(3, 142) = 1.44,
p = .234, η2 = 0.03
	F(1, 142) = 0.98,
p = .325, η2 = 0.01
	F(3, 142) = 3.98,
p = .009, η2 = 0.08

	
	
	Follow-up
	5.09 (1.12)
	5.19 (0.71)
	5.65 (1.46)
	4.40 (0.91)
	
	
	
	

	
	Serum potassium
	
	
	
	
	
	
	

	
	
	Baseline
	4.77 (0.55)
	4.59 (0.76)
	4.69 (0.71)
	4.59 (0.75)
	
	F(3, 142) = 0.43,
p = .733, η2 = 0.01
	F(1, 142) = 1.02,
p = .315, η2 = 0.01
	F(3, 142) = 0.05,
p = .985, η2 = 0.001

	
	
	Follow-up
	5.04 (2.26)
	4.67 (0.53)
	4.87 (0.65)
	4.84 (0.63)
	
	
	
	

	
	Calcium-phosphorus product
	
	
	
	
	
	
	

	
	
	Baseline
	45.69 (13.75)
	47.57 (11.32)
	46.40 (12.14)
	45.81 (12.10)
	
	F(3, 142) = 1.01,
p = .390, η2 = 0.02
	F(1, 142) = 0.62,
p = .433, η2 = 0.004
	F(3, 142) = 2.91,
p = .037, η2 = 0.06

	
	
	Follow-up
	45.62 (10.65)
	46.15 (7.02)
	50.07 (14.11)
	39.90 (9.45)
	
	
	
	

	
	Relative interdialytic weight gain (IDWGr)
	
	
	
	
	
	

	
	
	Baseline
	3.77 (1.06)
	3.98 (1.21)
	4.05 (1.11)
	4.13 (1.19)
	
	F(3, 140) = 1.85,
p = .141, η2 = 0.04
	F(1, 140) = 0.01,
p = .937, η2 = 0.000
	F(3, 140) = 1.33,
p = .269, η2 = 0.03

	
	
	Follow-up
	3.58 (1.21)
	4.32 (1.55)
	4.12 (0.86)
	3.96 (0.96)
	
	
	
	

	Patient-reported outcomes
	
	
	
	
	
	
	

	
	KDQOL-CF
	
	
	
	
	
	
	
	

	
	
	Baseline
	81.91 (13.60)
	36.67 (10.04)
	72.86 (11.32)
	36.83 (13.10)
	
	F(3, 155) = 102.76,
p < .001, η2 = 0.67
	F(1, 155) = 1.26,
p = .263, η2 = 0.01
	F(3, 155) = 76.89,
p < .001, η2 = 0.60

	
	
	Follow-up
	80.21 (13.80)
	44.29 (9.99)
	39.64 (14.75)
	71.27 (11.57)
	
	
	
	

	
	Disease self-efficacy (SEMCD)
	
	
	
	
	
	
	

	
	
	Baseline
	6.39 (1.56)
	4.26 (1.86)
	5.70 (1.82)
	5.66 (1.80)
	
	F(3, 154) = 9.85,
p < .001, η2 = 0.16
	F(1, 154) = 2.91,
p = .090, η2 = 0.02
	F(3, 154) = 3.93,
p = .010, η2 = 0.07

	
	
	Follow-up
	6.60 (1.72)
	4.95 (1.39)
	5.07 (1.70)
	6.55 (1.31)
	
	
	
	

	
	Treatment self-efficacy (SEATR)
	
	
	
	
	
	
	

	
	
	Baseline
	7.27 (1.36)
	5.37 (1.55)
	6.90 (1.71)
	6.32 (1.82)
	
	F(3, 154) = 7.46,
p < .001, η2 = 0.13
	F(1, 154) = 1.68,
p = .197, η2 = 0.02
	F(3, 154) = 2.64,
p = .051, η2 = 0.05

	
	
	Follow-up
	7.12 (1.55)
	5.68 (1.15)
	6.70 (1.68)
	7.23 (1.24)
	
	
	
	

	
	heiQ-Skills and technique acquisition
	
	
	
	
	
	
	

	
	
	Baseline
	2.86 (0.39)
	2.55 (0.54)
	2.73 (0.41)
	2.78 (0.52)
	
	F(3, 154) = 3.76,
p = .012, η2 = 0.07
	F(1, 154) = 0.37,
p = .546, η2 = 0.002
	F(3, 154)=0.32,
p = .812, η2 = 0.01

	
	
	Follow-up
	2.80 (0.38)
	2.46 (0.45)
	2.73 (0.50)
	2.80 (0.55)
	
	
	
	

	
	heiQ-Self-monitoring and insight
	
	
	
	
	
	
	

	
	
	Baseline
	3.08 (0.40)
	2.85 (0.35)
	2.99 (0.24)
	3.06 (0.37)
	
	F(3, 154) = 3.21,
p = .025, η2 = 0.06
	F(1, 154) = 0.99,
p = .321, η2 = 0.01
	F(3, 154) = 1.30,
p = .276, η2 = 0.03

	
	
	Follow-up
	2.97 (0.33)
	2.74 (0.32)
	3.01 (0.34)
	3.09 (0.32)
	
	
	
	

	
	heiQ-Health services navigation
	
	
	
	
	
	
	

	
	
	Baseline
	3.03 (0.40)
	2.59 (0.35)
	3.04 (0.39)
	3.11 (0.44)
	
	F(3, 153) = 5.48,
p = .001, η2 = 0.10
	F(1, 153) = 2.07,
p = .152, η2 = 0.01
	F(3, 153)=0.39,
p = .761, η2 = 0.01

	
	
	Follow-up
	2.94 (0.39)
	2.61 (0.45)
	2.93 (0.44)
	3.04 (0.54)
	
	
	
	

	
	Medication adherence (MARS-5)
	
	
	
	
	
	
	

	
	
	Baseline
	3.42 (0.78)
	2.94 (0.68)
	3.51 (0.82)
	3.54 (0.91)
	
	F(3, 155) = 3.53,
p = .016, η2 = 0.06
	F(1, 155) = 0.71,
p = .401, η2 = 0.01
	F(3, 155) = 0.62,
p = .601, η2 = 0.01

	
	
	Follow-up
	3.46 (0.78)
	2.72 (0.76)
	3.43 (0.88)
	3.56 (0.68)
	
	
	
	

	
	RABQ-total
	
	
	
	
	
	
	
	

	
	
	Baseline
	91.15 (12.62)
	85.43 (9.39)
	93.61 (13.32)
	94.00 (14.61)
	
	F(3, 155) = 2.91,
p = .036, η2 = 0.05
	F(1, 155) = 0.66,
p = .417, η2 = 0.004
	F(3, 155) = 0.93,
p = .430, η2 = 0.02

	
	
	Follow-up
	92.21 (11.15)
	81.79 (8.26)
	92.83 (14.11)
	93.89 (13.41)
	
	
	
	

	
	Depressive symptoms
	
	
	
	
	
	
	

	
	
	Baseline
	6.97 (3.81)
	11.80 (3.84)
	8.50 (3.94)
	10.19 (4.15)
	
	F(3, 155) = 11.51,
p < .001, η2 = 0.18
	F(1, 155) = 0.13,
p = .910, η2 = 0.000
	F(3, 155) = 5.27,
p = .002, η2 = 0.09

	
	
	Follow-up
	7.05 (3.85)
	12.32 (4.43)
	10.16 (3.46)
	7.76 (3.24)
	
	
	
	

	
	Anxious symptoms
	
	
	
	
	
	
	

	
	
	Baseline
	5.62 (3.82)
	10.00 (4.15)
	8.22 (4.33)
	9.71 (4.61)
	
	F(3, 154) = 10.98,
p < .001, η2 = 0.18
	F(1, 154) = 0.19,
p = .662, η2 = 0.001
	F(3, 154) = 5.85,
p = .001, η2 = 0.10

	 
	 
	Follow-up
	6.08 (4.30)
	11.39 (4.72)
	9.80 (3.99)
	6.97 (4.83)
	 
	
	
	


Notes. Bold text indicates significant effects. N = Sample size; SD = Standard deviation; KDQOL-CF = Kidney disease quality of life cognitive function subscale; SEMCD = Self-efficacy to manage chronic disease scale; SEATR = Self-efficacy to adhere to treatment recommendations scale; MARS = Medication adherence report scale; RABQ = Renal adherence behaviour questionnaire; heiQ = Health education impact questionnaire.
Discussion
The current study showed no overall change in the continuous KDQOL-CF scores over time, but the rates of patients reporting SCCs indicative of clinical impairments increased from 22.0% to 26.4% over one year on HD treatment. When dividing patients into trajectory groups, descriptive analyses showed that the majority (60.4%) had stable levels of minimal SCCs at both time points (i.e., resilient), whereas 8.8% had persistent SCCs indicative of CIs. Around one third of patients experienced either increased (i.e., deterioration; 17.6%) or diminished (i.e., recovery; 13.2%) levels of SCCs over time. Although baseline sociodemographic and clinical characteristics were unrelated to these trajectories, the four groups showed different patterns of change in critical clinical and patient-reported outcomes. Specifically, the recovery group showed significant improvements from baseline to follow-up in serum phosphorus and calcium-phosphorus product, as well as improvements in self-efficacy and emotional functioning. In contrast, patients who reported persistent SCCs reported significantly lower self-efficacy and poorer self-management skills and treatment adherence compared to other patients across time.
Approximately a quarter of patients at each time point reported high levels of SCCs indicative of clinical CIs, which is similar to a previous study where 24.0% of HD patients reported a KDQOL-CF score below 60 (Sorensen et al., 2012). Although most patients experienced only minimal or episodic SCCs, almost one in 10 HD patients in the present study reported high levels of chronic and persistent complaints. These patients may have higher risks of developing CIs and dementia since previous studies have shown that SCCs may be present as long as 15 years before the onset of objective CIs and are a reliable predictor of future cognitive decline (Lee et al., 2020; Liew, 2020a, 2020b; Rabin et al., 2017). 
The observed longitudinal associations of SCCs with serum phosphorus and calcium-phosphorus product are especially noteworthy as these represent important clinical management endpoint for HD. Elevated levels of serum phosphorus in HD patients may lead to calcium deposition in blood vessels, which in the long-term may cause soft-tissue and vascular calcification and hence may increase morbidity and mortality risks (National Kidney Foundation, 2003). According to the National Kidney Foundation clinical practice guidelines, serum phosphorus should be maintained between 3.5 and 5.5mg/dL, and calcium-phosphorus product should be maintained below 55mg2/dL2, in dialysis patients (National Kidney Foundation, 2003). It appears that serum phosphorus levels decreased from a borderline high value at baseline (M = 5.16) to a relatively safe value at follow-up (M = 4.40) in the recovery group. Also, at follow-up, the deterioration group had significantly higher levels of both serum phosphorus and calcium-phosphorus product compared to the recovery group, and the follow-up value of serum phosphorus in the deterioration group (M = 5.65) exceeded the recommended range. These findings suggest that an increase in SCCs may be a risk factor of worse clinical outcomes in HD patients, which may be due to everyday cognitive difficulties interfering with self-care behaviours such as following a low-phosphorus diet and taking phosphate binder medication on time.
SCC trajectories were also associated with patient-reported outcomes. In particular, the recovery group showed a significant improvement in self-efficacy to manage kidney disease over time. By contrast, patients with persistent SCCs indicative of CIs had the lowest levels of self-efficacy, self-management skills, and treatment adherence which significantly differed from the other trajectory groups. ESRD and HD entail complex guidelines on diet, fluid control, and medication intake, which are in most cases compounded by treatment demands of other comorbid conditions. Successful self-management of ESRD requires patients to understand, process, and recall the various medical/health information provided, and to translate this information into appropriate self-care plans and actions (Insel et al., 2006). These processes involve various cognitive domains including language, memory, and executive function (Insel et al., 2006). For patients with probable CIs and especially those whose complaints are persistent, the cognitive demands of ESRD treatment may become particularly burdensome, thus compromising self-confidence, perceived capabilities, and the actual implementation of self-management activities.
Importantly, the associations between SCC trajectories and clinical and patient-reported outcomes remained significant even after controlling for changes in mood symptoms. In line with prior studies (Jessen et al., 2014, 2020; Molinuevo et al., 2017; Rabin et al., 2017), our study findings also showed significant associations and covariation between mood and cognitive complaints. Individuals with depression and anxiety may exhibit information-processing biases which make them hypersensitive to experience of failure in everyday cognitive tasks, resulting in an overestimation of SCCs (Rabin et al., 2017). Our sensitivity analyses confirmed that the SCCs may explain additional variance in HD patients’ clinical and behavioural outcomes on top of depression and anxiety.
To date, the practical implications of CIs in ESRD patients are not well understood. Few studies have investigated the impact of CIs on self-care behaviour in this population. Hain (2008) found that 58.2% of patients with objective CIs had evidence of nonadherence based on their attendance at dialysis sessions, serum phosphorus, and interdialytic weight gain, but no statistical test was performed to examine these associations. Two other studies found that better everyday problem-solving abilities, assessed by a scenario-based task, were associated with better medication adherence in kidney transplantation recipients (Gelb et al., 2010; Paterson et al., 2018). Studies in other populations such as community-dwelling older adults (Insel et al., 2006), heart failure (Alosco et al., 2012; Dolansky et al., 2016), hypertension (Cho et al., 2018; Chudiak et al., 2018), and type 2 diabetes (Świątoniowska-Lonc et al., 2021), have found positive relationships between cognitive function and treatment adherence. Findings in the current study therefore align with these previous studies and provide further evidence that these associations may be stable across time and may translate into key clinical outcomes.
Taken together, our findings have several important clinical implications. First, screening of SCCs on a regular basis using a simple and quick self-reported measure (i.e., KDQOL-CF) could help identifying patients with persistent SCCs or deteriorating cognitive function who may be at risk of developing objective CIs and at risk of low self-efficacy, poor self-management skills, and nonadherence. CIs are underdiagnosed in ESRD patients (Murray, 2008; Sehgal et al., 1997), which may be due in part to the lack of a gold standard cognitive screener that is sensitive, efficient, and easily accessible. There is currently no established protocol or guideline to screen for CIs in the ESRD population. Neuropsychological tests, albeit sensitive in detecting objective CIs, are usually time-consuming and labour-intensive, and may not be able to identify at-risk patients who report some SCCs yet perform normally on objective tests (Crowe et al., 2021; Kurella et al., 2004). Brief self-reports may be feasible alternatives in busy dialysis settings although their diagnostic ability needs further study. Second, SCCs emerged as a potentially modifiable risk factor for poor patient outcomes. Research in the Alzheimer’s disease literature has started to examine the effects of various types of interventions including mindfulness, exercise, cognitive training, and psychoeducation on SCCs (Ayda et al., 2022; Bhome et al., 2018). Besides the need for further research on these interventions in the dialysis population, it is also important to consider strategies that mitigate/compensate for patients’ everyday cognitive lapses and consequences associated with these lapses (e.g., nonadherence). For example, for patients who report adherence difficulties due to memory issues, strategies such as text message reminders, medication management plans, and medication mobile apps may be helpful.
The present study has several limitations. First, only two time points were included in the present study, which precludes us from conducting growth mixture modelling to identify trajectory groups in a data-driven fashion. Second the observed prevalence rates of probable CIs and persistent cognitive complaint trajectory reported in this study are likely to be underestimates since the KDQOL-CF only contains three items (i.e., slow reaction time, concentration difficulty, and confusion) which do not capture important domains such as memory and executive function that have been shown to be most impaired in ESRD patients (Joshee et al., 2018; O’Lone et al., 2016). Therefore, a score higher than 60 on this scale may not necessarily indicate intact cognitive function and absence of CI (Sorensen et al., 2012). Revision to the KDQOL-CF scale may be needed for a more accurate estimate of the extent of SCCs in the dialysis population.	Comment by Newman, Stanton: I would be careful about giving this early prominence in the discussion as it undermibnes the divisions you have made between the groups. I would add it under a study limitation. 
as mentioned the KDQOL-CF measure is not a comprehensive measure of SCCs. To obtain a better understanding of these complaints in HD patients, more lengthy questionnaires can be used in future studies. Also, the use of binary classification of the KDQOL-CF scores may have resulted in loss of information as it fails to capture longitudinal changes in continuous scores in each trajectory group. Despite the limitations, the current study adopted a prospective design and demonstrated the longitudinal associations of SCCs with clinical, behavioural, and psychosocial outcomes in dialysis patients. SCCs may be a risk factor for poor prognosis in HD patients and therefore screening for SCCs may allow for early identification of those at higher risks of cognitive decline and nonadherence. SCCs may also be a potential target in future intervention studies that aim to prevent exacerbation of cognitive decline and promote self-care behaviour in this population. Research on SCCs in ESRD patients is still in its infancy. A better understanding of this problem based on both quantitative and qualitative evidence is expected to improve future renal care services.


References
Alosco, M. L., Spitznagel, M. B., Van Dulmen, M., Raz, N., Cohen, R., Sweet, L. H., Colbert, L. H., Josephson, R., Hughes, J., Rosneck, J., & Gunstad, J. (2012). Cognitive function and treatment adherence in older adults with heart failure. Psychosomatic Medicine, 74, 965–973. https://doi.org/10.1097/PSY.0b013e318272ef2a
Ayda, R., Anna, K., Franziska, K., & Frank, J. (2022). Psychotherapeutic interventions in individuals at risk for Alzheimer’s dementia: a systematic review. Alzheimer’s Research & Therapy, 14, 18. https://doi.org/10.1186/s13195-021-00956-8
Berger, I., Wu, S., Masson, P., Kelly, P. J., Duthie, F. A., Whiteley, W., Parker, D., Gillespie, D., & Webster, A. C. (2016). Cognition in chronic kidney disease: A systematic review and meta-analysis. BMC Medicine, 14, 206. https://doi.org/10.1186/s12916-016-0745-9
Bhome, R., Berry, A. J., Huntley, J. D., & Howard, R. J. (2018). Interventions for subjective cognitive decline: systematic review and meta-analysis. BMJ Open, 8, e021610. https://doi.org/10.1136/bmjopen-2018-021610
Bossola, M., Antocicco, M., Di Stasio, E., Ciciarelli, C., Luciani, G., Tazza, L., Rosa, F., & Onder, G. (2011). Mini Mental State Examination over time in chronic hemodialysis patients. Journal of Psychosomatic Research, 71, 50–54. https://doi.org/10.1016/j.jpsychores.2011.01.001
Brodski, J., Rossell, S. L., Castle, D. J., & Tan, E. J. (2019). A systematic review of cognitive impairments associated with kidney failure in adults before natural age-related changes. Journal of the International Neuropsychological Society, 25, 101–114. https://doi.org/10.1017/S1355617718000917
Chan, A. H. Y., Horne, R., Hankins, M., & Chisari, C. (2020). The Medication Adherence Report Scale: A measurement tool for eliciting patients’ reports of nonadherence. British Journal of Clinical Pharmacology, 86, 1281–1288. https://doi.org/10.1111/bcp.14193
Charlson, M. E., Pompei, P., Ales, K. L., & MacKenzie, C. R. (1987). A new method of classifying prognostic comorbodity in longitudinal studies: development and validation. Journal of Chronic Diseases, 40(5), 373–383.
Chen, J. Y., Choi, E. P. H., Wan, E. Y. F., Chan, A. K. C., Tsang, J. P. Y., Chan, K. H. Y., Lo, W. K., Lui, S. L., Chu, W. L., & Lam, C. L. K. (2016). Validation of the disease-specific components of the kidney disease quality of Life-36 (KDQOL-36) in Chinese patients undergoing maintenance dialysis. PLoS ONE, 11(5), e0155188. https://doi.org/10.1371/journal.pone.0155188
Cho, M. H., Shin, D. W., Chang, S. A., Lee, J. E., Jeong, S. M., Kim, S. H., Yun, J. M., & Son, K. (2018). Association between cognitive impairment and poor antihypertensive medication adherence in elderly hypertensive patients without dementia. Scientific Reports, 8, 11688. https://doi.org/10.1038/s41598-018-29974-7
Chudiak, A., Uchmanowicz, I., & Mazur, G. (2018). Relation between cognitive impairment and treatment adherence in elderly hypertensive patients. Clinical Interventions in Aging, 13, 1409–1418. https://doi.org/10.2147/CIA.S162701
Clark, S., Farrington, K., & Chilcot, J. (2014). Nonadherence in dialysis patients: Prevalence, measurement, outcome, and psychological determinants. Seminars in Dialysis, 27(1), 42–49. https://doi.org/10.1111/sdi.12159
Crowe, K., Quinn, T. J., Mark, P. B., & Findlay, M. D. (2021). “Is It Removed During Dialysis?”—Cognitive Dysfunction in Advanced Kidney Failure—A Review Article. Frontiers in Neurology, 12, 787370. https://doi.org/10.3389/fneur.2021.787370
Cukor, D., Cohen, S. D., & Kimmel, P. L. (Eds.). (2020). Psychosocial Aspects of Chronic Kidney Disease: Exploring the Impact of CKD, Dialysis, and Transplantation on Patients (1st ed.). Academic Press.
Curtin, R. B., Bultman, D. C., Thomas-Hawkins, C., Walters, B. A. J., & Schatell, D. (2002). Hemodialysis patients’ symptom experiences: effects on physical and mental functioning. Nephrology Nursing Journal, 29(6), 562–574.
Dolansky, M. A., Hawkins, M. A. W., Schaefer, J. T., Sattar, A., Gunstad, J., Redle, J. D., Josephson, R., Moore, S. M., & Hughes, J. W. (2016). Association between Poorer Cognitive Function and Reduced Objectively Monitored Medication Adherence in Patients with Heart Failure. Circulation: Heart Failure, 9, e002475. https://doi.org/10.1161/CIRCHEARTFAILURE.116.002475
Gelb, S. R., Shapiro, R. J., & Thornton, W. L. (2010). Predicting Medication Adherence and Employment Status Following Kidney Transplant: The Relative Utility of Traditional and Everyday Cognitive Approaches. Neuropsychology, 24(4), 514–526. https://doi.org/10.1037/a0018670
Ghimire, S., Castelino, R. L., Lioufas, N. M., Peterson, G. M., & Zaidi, S. T. R. (2015). Nonadherence to medication therapy in haemodialysis patients: A systematic review. PLoS ONE, 10(12), e0144119. https://doi.org/10.1371/journal.pone.0144119
Goh, Z. S., & Griva, K. (2018). Anxiety and depression in patients with end-stage renal disease: impact and management challenges – a narrative review. International Journal of Nephrology and Renovascular Diseajse, 11, 93–102. https://doi.org/10.2147/IJNRD.S126615
Griva, K., Davenport, A., Harrison, M., & Newman, S. P. (2012). Non-adherence to Immunosuppressive Medications in Kidney Transplantation: Intent Vs. Forgetfulness and Clinical Markers of Medication Intake. Annals of Behavioral Medicine, 44, 85–93. https://doi.org/10.1007/s12160-012-9359-4
Griva, K., Lam, K. F. Y., Nandakumar, M., Ng, J. an H., McBain, H., & Newman, S. P. (2018). The effect of brief self-management intervention for hemodialysis patients (HED-SMART) on trajectories of depressive and anxious symptoms. Journal of Psychosomatic Research, 113, 37–44. https://doi.org/10.1016/j.jpsychores.2018.07.012
Griva, K., Mooppil, N., Seet, P., Krishnan, D. S. P., James, H., & Newman, S. P. (2011). The NKF-NUS hemodialysis trial protocol - A randomized controlled trial to determine the effectiveness of a self management intervention for hemodialysis patients. BMC Nephrology, 12, 4. https://doi.org/10.1186/1471-2369-12-4
Griva, K., Nandakumar, M., Ng, J. H., Lam, K. F. Y., McBain, H., & Newman, S. P. (2018). Hemodialysis Self-management Intervention Randomized Trial (HED-SMART): A Practical Low-Intensity Intervention to Improve Adherence and Clinical Markers in Patients Receiving Hemodialysis. American Journal of Kidney Diseases, 71(3), 371–381. https://doi.org/10.1053/j.ajkd.2017.09.014
Griva, K., Ng, H. J., Loei, J., Mooppil, N., McBain, H., & Newman, S. P. (2013). Managing treatment for end-stage renal disease - A qualitative study exploring cultural perspectives on facilitators and barriers to treatment adherence. Psychology and Health, 28(1), 13–29. https://doi.org/10.1080/08870446.2012.703670
Griva, K., Stygall, J., Hankins, M., Davenport, A., Harrison, M., & Newman, S. P. (2010). Cognitive Impairment and 7-Year Mortality in Dialysis Patients. American Journal of Kidney Diseases, 56(4), 693–703. https://doi.org/10.1053/j.ajkd.2010.07.003
Hain, D. J. (2008). Cognitive function and adherence of older adults undergoing hemodialysis. Nephrology Nursing Journal, 35(1), 23–29.
Hays, R. D., Kallich, J. D., Mapes, D. L., Coons, S. J., & Carter, W. B. (1994). Development of the Kidney Disease Quality of Life (KDQOL) Instrument. Quality of Life Research, 3, 329–338. https://doi.org/10.1007/BF00451725
Hedayati, S. S., & Finkelstein, F. O. (2009). Epidemiology, Diagnosis, and Management of Depression in Patients With CKD. American Journal of Kidney Diseases, 54(4), 741–752. https://doi.org/10.1053/j.ajkd.2009.05.003
Hemmelgarn, B. R., Manns, B. J., Quan, H., & Ghali, W. A. (2003). Adapting the Charlson comorbidity index for use in patients with ESRD. American Journal of Kidney Diseases, 42(1), 125–132. https://doi.org/10.1016/S0272-6386(03)00415-3
Himmelfarb, J., Vanholder, R., Mehrotra, R., & Tonelli, M. (2020). The current and future landscape of dialysis. Nature Reviews Nephrology, 16, 573–585. https://doi.org/10.1038/s41581-020-0315-4
Horne, R., & Weinman, J. (2002). Self-regulation and self-management in asthma: Exploring the role of illness perceptions and treatment beliefs in explaining non-adherence to preventer medication. Psychology and Health, 17(1), 17–32. https://doi.org/10.1080/08870440290001502
Insel, K., Morrow, D., Brewer, B., & Figueredo, A. (2006). Executive function, working memory, and medication adherence among older adults. Journals of Gerontology - Series B Psychological Sciences and Social Sciences, 61B(2), 102–107. https://doi.org/10.1093/geronb/61.2.P102
Iyasere, O., Okai, D., & Brown, E. (2017). Cognitive function and advanced kidney disease: longitudinal trends and impact on decision-making. Clinical Kidney Journal, 10(1), 89–94. https://doi.org/10.1093/ckj/sfw128
Jessen, F., Amariglio, R. E., Buckley, R. F., van der Flier, W. M., Han, Y., Molinuevo, J. L., Rabin, L., Rentz, D. M., Rodriguez-Gomez, O., Saykin, A. J., Sikkes, S. A. M., Smart, C. M., Wolfsgruber, S., & Wagner, M. (2020). The characterisation of subjective cognitive decline. The Lancet Neurology, 19(3), 271–278. https://doi.org/10.1016/S1474-4422(19)30368-0
Jessen, F., Amariglio, R. E., Van Boxtel, M., Breteler, M., Ceccaldi, M., Chételat, G., Dubois, B., Dufouil, C., Ellis, K. A., Van Der Flier, W. M., Glodzik, L., Van Harten, A. C., De Leon, M. J., McHugh, P., Mielke, M. M., Molinuevo, J. L., Mosconi, L., Osorio, R. S., Perrotin, A., … Wagner, M. (2014). A conceptual framework for research on subjective cognitive decline in preclinical Alzheimer’s disease. Alzheimer’s and Dementia, 10(6), 844–852. https://doi.org/10.1016/j.jalz.2014.01.001
Joshee, P., Wood, A. G., Wood, E. R., & Grunfeld, E. A. (2018). Meta-analysis of cognitive functioning in patients following kidney transplantation. Nephrology Dialysis Transplantation, 33, 1268–1277. https://doi.org/10.1093/ndt/gfx240
Kallenberg, M. H., Kleinveld, H. A., Dekker, F. W., van Munster, B. C., Rabelink, T. J., van Buren, M., & Mooijaart, S. P. (2016). Functional and cognitive impairment, frailty, and adverse health outcomes in older patients reaching ESRD-a systematic review. Clinical Journal of the American Society of Nephrology, 11, 1624–1639. https://doi.org/10.2215/CJN.13611215
Kurella, M., Luan, J., Yaffe, K., & Chertow, G. M. (2004). Validation of the Kidney Disease Quality of Life (KDQOL) Cognitive Function subscale. Kidney International, 66, 2361–2367. https://doi.org/10.1111/j.1523-1755.2004.66024.x
Kurella Tamura, M., Vittinghoff, E., Hsu, C., Tam, K., Seliger, S. L., Sozio, S., Fischer, M., Chen, J., Lustigova, E., Strauss, L., Deo, R., Go, A. S., & Yaffe, K. (2017). Loss of executive function after dialysis initiation in adults with chronic kidney disease. Kidney International, 91, 948–953. https://doi.org/10.1016/j.kint.2016.11.015
Law, L. L. F., Barnett, F., Yau, M. K., & Gray, M. A. (2012). Measures of everyday competence in older adults with cognitive impairment: a systematic review. Age and Ageing, 41, 9–16. https://doi.org/10.1093/ageing/afr104
Lee, Y. C., Kang, J. M., Lee, H., Kim, K., Kim, S., Yu, T. Y., Lee, E. M., Kim, C. T., Kim, D. K., Lewis, M., Won, H. H., Jessen, F., & Myung, W. (2020). Subjective cognitive decline and subsequent dementia: a nationwide cohort study of 579,710 people aged 66 years in South Korea. Alzheimer’s Research and Therapy, 12, 52. https://doi.org/10.1186/s13195-020-00618-1
Leung, C., Ho, S., Kan, C., Hung, C., & Chen, C. (1993). Evaluation of the Chinese Version of the Hospital Anxiety and Depression Scale. A cross-cultural perspective. International Journal of Psychosomatics, 40(1–4), 29–34.
Levey, A. S., & Coresh, J. (2012). Chronic kidney disease. The Lancet, 379, 165–180. https://doi.org/10.1016/S0140-6736(11)60178-5
Liew, T. M. (2020a). Subjective cognitive decline, anxiety symptoms, and the risk of mild cognitive impairment and dementia. Alzheimer’s Research and Therapy, 12, 107. https://doi.org/10.1186/s13195-020-00699-y
Liew, T. M. (2020b). Trajectories of subjective cognitive decline, and the risk of mild cognitive impairment and dementia. Alzheimer’s Research and Therapy, 12, 135. https://doi.org/10.1186/s13195-020-00699-y
Molinuevo, J. L., Rabin, L. A., Amariglio, R., Buckley, R., Dubois, B., Ellis, K. A., Ewers, M., Hampel, H., Klöppel, S., Rami, L., Reisberg, B., Saykin, A. J., Sikkes, S., Smart, C. M., Snitz, B. E., Sperling, R., van der Flier, W. M., Wagner, M., & Jessen, F. (2017). Implementation of subjective cognitive decline criteria in research studies. Alzheimer’s and Dementia, 13(3), 296–311. https://doi.org/10.1016/j.jalz.2016.09.012
Murali, K. M., Mullan, J., Roodenrys, S., Hassan, H. I. C., & Lonergan, M. (2021). Changes in measures of cognitive function in patients with end-stage kidney disease on dialysis and the effect of dialysis vintage: A longitudinal cohort study. PLoS ONE, 16(5), e0252237. https://doi.org/10.1371/journal.pone.0252237
Murray, A. M. (2008). Cognitive Impairment in the Aging Dialysis and Chronic Kidney Disease Populations: an Occult Burden. Advances in Chronic Kidney Disease, 15(2), 123–132.
National Kidney Foundation. (2003). K/DOQI Clinical Practice Guidelines for Bone Metabolism and Disease in Chronic Kidney Disease. In American Journal of Kidney Diseases (Vol. 42, Issue 4).
Ng, H. J., Tan, W. J., Mooppil, N., Newman, S., & Griva, K. (2015). Prevalence and patterns of depression and anxiety in hemodialysis patients: A 12-month prospective study on incident and prevalent populations. British Journal of Health Psychology, 20, 374–395. https://doi.org/10.1111/bjhp.12106
O’Lone, E., Connors, M., Masson, P., Wu, S., Kelly, P. J., Gillespie, D., Parker, D., Whiteley, W., Strippoli, G. F. M., Palmer, S. C., Craig, J. C., & Webster, A. C. (2016). Cognition in people with end-stage kidney disease treated with hemodialysis: A systematic review and meta-analysis. American Journal of Kidney Diseases, 67(6), 925–935. https://doi.org/10.1053/j.ajkd.2015.12.028
Osborne, R. H., Elsworth, G. R., & Whitfield, K. (2007). The Health Education Impact Questionnaire (heiQ): An outcomes and evaluation measure for patient education and self-management interventions for people with chronic conditions. Patient Education and Counseling, 66, 192–201. https://doi.org/10.1016/j.pec.2006.12.002
Paterson, T. S. E., O’Rourke, N., Jean Shapiro, R., & Thornton, W. L. (2018). Medication adherence in renal transplant recipients: A latent variable model of psychosocial and neurocognitive predictors. PLoS ONE, 13(9), e0204219. https://doi.org/10.1371/journal.pone.0204219
Rabin, L. A., Smart, C. M., & Amariglio, R. E. (2017). Subjective Cognitive Decline in Preclinical Alzheimer’s Disease. Annual Review of Clinical Psychology, 13, 369–396. https://doi.org/10.1146/annurev-clinpsy-032816-045136
Rao, S., Carter, W. B., Mapes, D. L., Kallich, J. D., Kamberg, C. J., Spritzer, K. L., & Hays, R. D. (2000). Development of subscales from the symptoms/problems and effects of kidney disease scales of the Kidney Disease Quality of Life Instrument. Clinical Therapeutics, 22(9), 1099–1111. https://doi.org/10.1016/S0149-2918(00)80087-9
Ritter, P. L., & Lorig, K. (2014). The English and Spanish Self-Efficacy to Manage Chronic Disease Scale measures were validated using multiple studies. Journal of Clinical Epidemiology, 67, 1265–1273. https://doi.org/10.1016/j.jclinepi.2014.06.009
Rushe, H., & Mcgee, H. M. (1998). Assessing adherence to dietary recommendations for hemodialysis patients: The Renal Adherence Attitudes Questionnaire (RAAQ) and the Renal Adherence Behaviour Questionnaire (RABQ). Journal of Psychosomatic Research, 45(2), 149–157. https://doi.org/10.1016/S0022-3999(97)00228-6
San, A., Hiremagalur, B., Muircroft, W., & Grealish, L. (2017). Screening of Cognitive Impairment in the Dialysis Population: A Scoping Review. Dementia and Geriatric Cognitive Disorders, 44, 182–195. https://doi.org/10.1159/000479679
Sehgal, A. R., Grey, S. F., DeOreo, P. B., & Whitehouse, P. J. (1997). Prevalence, recognition, and implications of mental impairment among hemodialysis patients. American Journal of Kidney Diseases, 30(1), 41–49. https://doi.org/10.1016/S0272-6386(97)90563-1
Shea, Y. fung, Lee, M. suen C., Mok, M. yee M., Chan, F. H. wai, & Chan, T. M. (2019). Prevalence of cognitive impairment among peritoneal dialysis patients: a systematic review and meta-analysis. Clinical and Experimental Nephrology, 23, 1221–1234. https://doi.org/10.1007/s10157-019-01762-1
Song, M.-K., Paul, S., Ward, S. E., Gilet, C. A., & Hladik, G. A. (2018). One-Year Linear Trajectories of Symptoms, Physical Functioning, Cognitive Functioning, Emotional Well-being, and Spiritual Well-being Among Patients Receiving Dialysis. American Journal of Kidney Diseases, 72(2), 198–204. https://doi.org/10.1053/j.ajkd.2017.11.016
Song, M.-K., Ward, S. E., Bair, E., Weiner, L. J., Bridgman, J. C., Hladik, G. A., & Gilet, C. A. (2015). Patient-reported cognitive functioning and daily functioning in chronic dialysis patients. Hemodialysis International, 19, 90–99. https://doi.org/10.1111/hdi.12202
Sorensen, E. P., Sarnak, M. J., Tighiouart, H., Scott, T., Giang, L. M., Kirkpatrick, B., Lou, K., & Weiner, D. E. (2012). The Kidney Disease Quality of Life Cognitive Function subscale and cognitive performance in maintenance hemodialysis patients. American Journal of Kidney Diseases, 60(3), 417–426. https://doi.org/10.1053/j.ajkd.2011.12.029
Świątoniowska-Lonc, N., Polański, J., Tański, W., & Jankowska-Polańska, B. (2021). Impact of cognitive impairment on adherence to treatment and self-care in patients with type 2 diabetes mellitus. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy, 14, 193–203. https://doi.org/10.2147/DMSO.S284468
Thornton, W. L., & Dumke, H. A. (2005). Age differences in everyday problem-solving and decision-making effectiveness: A meta-analytic review. Psychology and Aging, 20(1), 85–99. https://doi.org/10.1037/0882-7974.20.1.85
Tian, X., Guo, X., Xia, X., Yu, H., Li, X., & Jiang, A. (2019). The comparison of cognitive function and risk of dementia in CKD patients under peritoneal dialysis and hemodialysis: A PRISMA-compliant systematic review and meta-analysis. Medicine, 98(6), e14390. https://doi.org/10.1097/md.0000000000014390
Vanderlinden, J. A., Ross-White, A., Holden, R., Shamseddin, M. K., Day, A., & Boyd, J. G. (2019). Quantifying cognitive dysfunction across the spectrum of end-stage kidney disease: A systematic review and meta-analysis. Nephrology, 24, 5–16. https://doi.org/10.1111/nep.13448
Wei, L., Champman, S., Li, X., Li, X., Li, S., Chen, R., Bo, N., Chater, A., & Horne, R. (2017). Beliefs about medicines and non-adherence in patients with stroke, diabetes mellitus and rheumatoid arthritis: a cross-sectional study in China. BMJ Open, 7, e017293. https://doi.org/10.1136/bmjopen-2017-017293
Weisbord, S. D., Fried, L. F., Arnold, R. M., Fine, M. J., Levenson, D. J., Peterson, R. A., & Switzer, G. E. (2005). Prevalence, severity, and importance of physical and emotional symptoms in chronic hemodialysis patients. Journal of the American Society of Nephrology, 16(8), 2487–2494. https://doi.org/10.1681/ASN.2005020157
Wolfgram, D. F. (2018). Filtering the Evidence: Is There a Cognitive Cost of Hemodialysis? Journal of the American Society of Nephrology, 29, 1087–1089. https://doi.org/10.1681/ASN.2018010077
Yang, F., Wang, V. W., Joshi, V. D., Lau, T. W. L., & Luo, N. (2013). Validation of the english version of the kidney disease quality of life questionnaire (KDQOL-36) in haemodialysis patients in Singapore. Patient, 6, 135–141. https://doi.org/10.1007/s40271-013-0015-2
Zhang, K., Hannan, E., Scholes-Robertson, N., Baumgart, A., Guha, C., Kerklaan, J., Hanson, C. S., Craig, J. C., Davison, S. N., Hecking, M., & Tong, A. (2020). Patients’ perspectives of pain in dialysis: systematic review and thematic synthesis of qualitative studies. Pain, 161(9), 1983–1994. https://doi.org/10.1097/j.pain.0000000000001931
Zigmond, A. S., & Snaith, R. P. (1983). The Hospital Anxiety and Depression Scale. Acta Psychiatrica Scandinavica, 67, 361–370. https://www.ncbi.nlm.nih.gov/pubmed/6880820

image2.png
Self-Efficacy to Manage
Kidney Disease

Self-Efficacy to Adhere to
Treatment Recommendations

7.3

-—3
6.4 -— P
- 6.9 ————

6.0 —— boemnloy

5.6 < 6.5 e

5.2 e 6.1

4.8

4.4 / 57 /

40 Baseline Follow-up 53 Baseline Follow-up
[e—eResilient 6.39 6.6 [e—eResilient 7.27 7.12
$—+4Persistent 4.26 4.95 [e——sPersistent 5.37 5.68
- = <4Deterioration 5.7 5.07 ¢ = =4 Deterioration 6.9 6.7
- -eRecovery 5.66 6.55 - -eRecovery 6.32 7.23





image3.png
Sel ring & Insight

3.1 [

3.0 :.._X.\-:

29

28 \

27 Baseline Follow-up
e—eResilient 3.08 297
+—fPersistent 2.85 274
- —4Deterioration 2.99 3.01
@ - —eRecovery 3.06 3.09

Health Services Navigation

&—eResilient
+—{Persistent

# - ~ADeterioration

~-eRecovery

Follow-up

294
2.61
293
3.04





image4.png
Medication Adherencel

Adherence to Other Treatment

36 ° Aspects
- - - - 95
3.4 — -9 03
3.2 91
89
3.0 87
85
2.8
\ 83
26 Baseline Follow-up 81 Baseline Follow-up
[e—eResilient 3.42 3.46 {e—eResilient 91.15 92.21
$—4Persistent 2.94 2.72 $—+4Persistent 85.43 81.79
¢ = =4Deterioration 3.51 3.43 ¢ = =4Deterioration 93.61 92.83
|® = -8Recovery 3.54 3.56 |® = -®Recovery 94 93.89





image1.png
Serum Phosphorus
(Target Range 3.5-5.5mg/dL)

Calcium-Phosphorus Product
(Target Range <55mg2/dL2)

5.8 52

5.6 _o- 50 -A

54 == e

52 “

46

5.0 ~ 44 <

4.8 ~ ~

46 S < 42 Sso <

44 e 40 ~e

42 Baseline Follow-up 38 Baseline Follow-up
[o—eResilient 5.12 5.09 [o—eResilient 45.69 45.62
$—4Persistent 5.36 5.19 ¢—4Persistent 47.57 46.15
¢ = =4 Deterioration 5.19 5.65 ¢ = =4 Deterioration 46.4 50.07
|® - -8Recovery 5.16 4.4 |® - -8Recovery 45.81 39.9





