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Chronic kidney disease (CKD) affects approximately 850 million people globally and is associated with an increased risk of cognitive impairment. The prevalence of cognitive impairment among CKD patients ranges from 30 to 60%, and the link between CKD and cognitive impairment is partially understood. Methodological challenges and biases in studying cognitive function in CKD patients need to be addressed to improve diagnosis, treatment, and management of cognitive impairment in this population. Here, we review the methodological challenges and study design issues, including observational studies’ limitations, internal validity, and different types of bias that can impact the validity of research findings. Understanding the unique challenges and biases associated with studying cognitive function in CKD patients can help to identify potential sources of error and improve the quality of future research, leading to more accurate diagnoses and better treatment plans for CKD patients.
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Introduction

Chronic kidney disease (CKD) is a non-communicable disease with a global prevalence of 9%, corresponding to roughly 850 million cases (1). CKD is an independent risk factor associated with the development of cognitive impairment (2–4). The prevalence of cognitive impairment among patients with CKD ranges from 30 to 60%, depending on the definition and assessment of cognitive impairment and on the stage of CKD. In comparison to general population, CKD patients, especially those in end-stage-kidney-disease (ESKD), present a 3–4-fold higher frequency of lower cognitive function (5–7). Cognitive changes can manifest at an early stage of CKD (5, 8). Traditional vascular risk factors do not fully account for the high prevalence of cognitive impairment in patients with CKD. Non-traditional vascular risk factors such as inflammation, anemia, endothelial dysfunction, increasing age and dialysis vintage, or classic and novel electrolyte abnormalities (especially hyponatremia and hyperphosphatemia) or uremic toxins accumulation, are common among patients with CKD and frequently present as contributing risk factors for cognitive impairment (9–11). However, the link between CKD and cognitive impairment is not completely understood, promoting research in this specific area (12).

Early stages of CKD are highly prevalent in the general population and are already known to be associated with cognitive dysfunction (13). Indeed, epidemiological data suggest that individuals at all stages of CKD have a higher risk of developing cognitive disorders and dementia (14). Different nonpharmacological and pharmacological approaches can be employed to mitigate cognitive impairment and reduce its impact on the daily lives of individuals with CKD (15). It is essential to review the methodological challenges and biases in the field of cognitive function among patients with CKD because accurate and reliable research is crucial for improving the diagnosis, treatment, and management of cognitive impairment in this population. Understanding the unique challenges and biases associated with studying cognitive function in CKD patients can help to identify potential sources of error and improve the quality of future research. Furthermore, providing solutions to these challenges can help to develop better methods of assessing cognitive function in CKD patients, leading to more accurate diagnoses and better treatment plans. Ultimately, improving our understanding of the relationship between CKD and cognitive function can help to improve the quality of life and long-term outcomes for CKD patients. Therefore, the aim of this narrative review is to explore the unique challenges associated with studying cognitive function in CKD patients, including conceptual concerns and methodological challenges, difficulties in defining exposure indicators and outcomes and assessing cognitive function, as well as to identify potential solutions to address these challenges.



Methodological challenges and study design issues

During the assessment of cognitive function in CKD patients, it is essential to consider the preclinical data available from animal studies. The results from these studies provide important insights into the cognitive impairment and behavioral changes that may occur in CKD. However, it is crucial to acknowledge that animal studies have many limitations, including small sample sizes, lack of randomization and blinding, and most importantly anatomical and physiological differences between animals and humans (16). Therefore, the findings of animal studies should be interpreted with caution, and further investigations such as human clinical trials are necessary to confirm the validity and applicability of these results in the clinical setting. Nonetheless, despite these limitations, preclinical animal studies remain a crucial tool for advancing scientific knowledge and developing new therapies for various diseases, including CKD-associated cognitive impairment (Figure 1A).
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FIGURE 1
 (A) Methodological challenges and study design issues. (B) Challenges defining exposure and outcomes. (C) Challenges with cognitive assessment. (D) Future direction.


The majority of studies examining cognitive function in patients with CKD are observational in nature, with a significant proportion being cross-sectional studies, which presents a further limitation (4, 5). Cross-sectional studies assess both the outcome and exposure at the same time, making it challenging to establish a causal relationship between them. Moreover, these studies often use single measures to evaluate cognitive function, failing to account changes in cognitive function over time, leading to a less comprehensive understanding of the disease’s progression.

When considering the internal validity, different types of bias are frequent. According to previous systematic reviews and meta-analyses, the quality of primary studies in this area was generally low to medium as the majority contain methodological limitations (4, 5, 17, 18). For instance, the studies included in these reviews were primarily found to have inadequate comparison group validity, indicating that the groups being compared were not adequately matched for important demographic and health status variables. Only a small number of studies were found to be well-matched in these areas, indicating that the overall quality of evidence may be limited (5). Earlier systematic reviews and meta-analyses that combined findings from observational studies investigating cognitive function in individuals with CKD, including those undergoing peritoneal dialysis or with ESKD, have found that some studies included strategies to address common confounding factors, such as age, sex, health-related factors, and cardiovascular disease (CVD) risk factors, either by excluding them or adjusting for them (4, 5, 17, 18). However, they also found that many studies did not take into account significant confounders such as education, physical activity, or depression (4, 5, 17, 18). Various other potential confounders still exist that are associated with psychosocial and treatment factors such as depression, polypharmacy, and malnutrition, biological intrinsic factors such as subclinical atherosclerosis, anemia, cortical atrophy of the brain, and hyperparathyroidism, and dialysis-related factors such as chronic cerebral micro-embolism, lacunar infarcts, and microbleeds (19).

Selection bias is a significant topic in research on cognitive impairment due to factors such as non-random enrolment, refusal to participate, differential survival, and differential attrition of enrolled participants. These processes can bias effect estimates. Non-response bias and missing cases are also common issues that can significantly impact the validity of research findings. In studies of cognitive function among CKD patients, non-response bias is particularly relevant, as CKD patients may be reluctant or unable to participate due to comorbidities, fatigue, or other symptoms. Patients with CKD, including those on dialysis, often experience limitations that can affect their cognitive function testing. These limitations include advanced age, diabetic complications, arterio-venous fistula for dialysis or paresis, pain, lack of motivation due to depression, impaired vision, and motor difficulties. Standard cognitive function testing, such as the Mini-Mental State Examination (MMSE), is only valid for patients who are visually, physically, and motivationally able to participate, which raises concerns about the accuracy of measuring cognitive function in CKD patients. As a consequence, eligible patients with high cognitive performance may be excluded if they have visual or motor impairments (20). Earlier research has suggested that excluding individuals with CKD based on extensive criteria and inconsistent use of exclusion thresholds such as MMSE scores <24 or diagnosed with dementia, can lead to an imprecise evaluation of their cognitive function (6, 20–22). Excluding patients with cognitive impairment could potentially overestimate cognitive function, which implies that existing studies about cognitive function in CKD are of limited generalizability to the CKD population. However, the impact of other selection mechanisms, such as visual, motivation, motor, and language impairments, on cognitive function testing remains uncertain and could result in both over- and underestimation.

In clinical studies, the process of informed consent requires individuals who have the capacity to understand the research protocol to decide whether they voluntarily agree to participate in a study. Institutional Review Boards (IRBs) have strict requirements for the informed consent process that include both verbal and written descriptions of what participation in the study would entail, including the purpose of the research and any potential risks and benefits. Studies involving people with impairment of cognitive function are subject to vigilance by IRBs as a vulnerable population. Potential ethical issues with research involving people with cognitive disorders include respecting their abilities to make decisions, securing consent to participate from proxy decision-makers (e.g., family members) or simply excluding this population from the study because of cognitive impairment.



Challenges defining exposure and outcomes

The first difficulty in defining exposure indicators and outcomes in the field of cognitive function among CKD patients is the fact that CKD is a heterogeneous condition that can manifest in different ways (decreased GFR, albuminuria), with various causes, stages (degrees of severity) and interventions (conservative treatment, dialysis, transplantation). Moreover, the use of traditional creatinine-based formulae to estimate eGFR was inferior to the eGFR cystatin C formula, which proves to be the best eGFR for assessing associations with CVD and mortality (23). In addition, current CKD studies investigate the association between CKD and cognitive decline using cognitive outcomes that assess different abilities to differentiate their relationship with the disease (4). The outcome variables can be dichotomous, such as dementia, impairment, or deficit; ordinal categories of performance level; or continuously distributed test scores that represent performance level (19). The term cognitive impairment may be used when cognitive status is established by clinical criteria, while the comparative term “deficit” indicates a lower average level of performance compared to reference groups. Longitudinal changes in performance may be characterized as a decline. This primary difficulty variability can affect the cognitive function of patients differently and make it challenging to establish a standard definition of CKD-related cognitive impairment. Determining the appropriate indicators of exposure may be most difficult in studies of cognitive function among CKD patients. Researchers must consider various factors that may affect cognitive function, such as the duration and severity of CKD, comorbidities (e.g., depression, hypertension, diabetes, CVD), and treatment modalities (dialysis, transplantation) (Figure 1B).



Challenges with cognitive assessment

Cognitive functions may decline in the course of CKD (24). It seems that the prevalence of cognitive decline, including Mild Cognitive Impairment (MCI) and dementia, in patients with ESKD and undergoing renal replacement therapy (RRT) may be underdiagnosed. Therefore, more attention should be paid to screening for cognitive functions in CKD patients. Cognitive assessment may be performed at varying levels of specialist care and for several reasons, such as screening for early diagnosis of cognitive impairment, classifying causes of cognitive problems, monitoring disease progression and severity or treatment outcomes (25, 26) (Figure 1C).

The assessment of cognitive function in CKD patients seems to be difficult for various reasons. Various cognitive screening tools are used in everyday clinical practice to assess cognitive function (27, 28). The cognitive tests vary in sensitivity and specificity, and may not be sensitive enough to detect subtle changes cognitive ability, especially in patients with MCI (27, 28). There is still no consensus on which test is better, and the choice depends on the clinician’s familiarity with the test, the purpose of the cognitive assessment, translation availability, copyright, test simplicity, duration, and its reliability and validity (29). The usefulness of screening tests for identifying cognitive impairment should have a good sensitivity above 80% and an acceptable specificity above 60% (30). In addition, standard cognitive screening tests may not be able to distinguish between specific aspects of cognition that are most impacted and often fail to consider the various real-world demands that patients with CKD may face. Cognition comprises various discrete domains, covering a wide range of processes, such as visuo-spatial perception, auditory and visual memory, attention span, motor function, and mathematical reasoning (5). For instance, some brief cognitive screening tools, such as the MMSE, which focus on the cortical cognitive domain, particularly memory, and were developed to detect dementia in other conditions, including Alzheimer’s disease, may be less sensitive in identifying cognitive impairment in patients with CKD. Like the MMSE, the Modified Mini-Mental State Examination (3MS) and the 6-item-Screener tests can only indicate cognitive impairment at a broad, global level, which lacks specificity and does not provide useful information to healthcare providers who may need to focus their attention on specific areas. Thus, because these tests may not be sensitive enough to detect subtle cognitive changes, relying solely on standardized cognitive tests may not provide a complete picture of the cognitive functioning of CKD patients, potentially leading to an underestimation of the disease’s true impact. In addition, the reliability of standard testing, such as the MMSE and other written assessments, is questionable when administering them to patients who may have visual, physical, or motivational limitations. Due to the varied restrictions that patients on dialysis often experience, it is uncertain if their cognitive function can be accurately measured without any prejudice. Also, some more detailed cognitive testing cannot be done if there is severe cognitive impairment. Unfortunately, only one study has validated various cognitive screening tests as a diagnostic tool among CKD patients (31). Likewise, the use of different criteria to assess cognitive performance may result in different estimates of cognitive impairment prevalence, making it difficult to accurately diagnose cognitive deficits.

Additionally, various factors, such as physical disability (hearing and visual impairment, paresis of the limbs) and pre-existing severe cognitive impairment, which make it impossible to conduct cognitive evaluations. These factors often result in the exclusion of CKD patients from cognitive testing, further complicating the validation of cognitive tests in this patient group (20). Furthermore, socio-demographic variables, e.g., sex, age, and educational level may also influence total cognitive performance as well as single cognitive domains (32). It is also well known that depression is a recognized risk factor for cognitive dysfunction, especially affecting memory, attention, and psychomotor speed, in the general population (33), and this should be considered when assessing cognitive functioning (34–36). This association is particularly significant in the geriatric population, where distinguishing between depression and MCI can be challenging (37). The signs and symptoms of both conditions may overlap, and an accurate diagnosis requires neurophysiological evaluation (38, 39). Evidence suggests that depression may coexist with MCI and even progress to dementia, indicating a more common phenomenon rather than two distinct conditions (40). While the term “pseudodementia” has been proposed for these cases, its use remains controversial (41). In some cases, an antidepressant treatment may be necessary to evaluate possible improvement in the cognitive function. Depression is a prevalent comorbidity in patients with CKD, with a prevalence of 30% (42), which is much higher than in the general population. Moreover, depression is now recognized as a risk factor for cognitive impairment in CKD patients (43), although data on the co-occurrence of both conditions are limited. Likewise, patients who have CKD also commonly suffer from hypertension (44), which could potentially impact the outcome of cognitive tests. This is because hypertension tends to impact the frontal and subcortical regions of the brain the most, which are responsible for executive function and information processing (45, 46). Thus, it is worth considering the implementation of screening examinations for depression and hypertension as part of routine clinical care for patients with CKD.

Furthermore, cognitive evaluation should be considered in all patients after the resolution of a delirium episode. Delirium is common in patients with CKD, especially those undergoing RRT (47), and is a strong predictor of new-onset dementia and acceleration of existing cognitive decline (48). It appears that, in some patients with CKD, delirium may be the first symptom of cognitive dysfunction. Moreover, hemodialysis patients present a challenge for inclusion in studies utilizing cognitive screening tools. This challenge stems from the difficulty in timing patient interviews, as it is not feasible to administer the screening tests during or immediately after hemodialysis session, as patients may experience fatigue. Requesting patients to attend the clinic on a non-dialysis day for screening tests may also pose a challenge, as patients may be unwilling to comply.

Cognitive ability is typically assessed in subjects from heterogeneous background using a battery of cognitive tests covering different cognitive domains (49). The use of different criteria to assess and integrate cognitive performance in a neurocognitive battery influences the estimated prevalence of cognitive impairment. Experts in cognition propose a framework for optimal diagnosis accuracy, including 3 phases: determination of cut-off scores, determination of the optimal combination of scores, integration of multiple cognitive scores (49). This strategy seems more effective than the determination of the optimal battery for the diagnosis of a given disease which would not be meaningful in CKD patients. Indeed, even if we suppose that CKD patients may exhibit a specific pattern of cognitive impairment, neurocognitive disorders from another etiology may coexist with CKD, especially in older patients (50).



Conclusion and future directions

This review delves into the primary obstacles linked to studying cognitive function in CKD patients, encompassing conceptual issues, methodological hurdles, and challenges in defining exposure indicators and outcomes, as well as evaluating cognitive function (Figure 1D). There is significant potential for further research to explore in the field of cognitive function among patients with CKD. There is a pressing need for more longitudinal studies that can capture changes in cognitive function over time, allowing for a more accurate characterization of the disease’s trajectory and providing more robust insights into potential interventions to improve cognitive function in CKD patients. As we have mentioned above, the results from animal studies examining behavior and cognition need to be optimized and their clinical validity and applicability should be carefully evaluated. To improve the methodological quality of studies in this area, it is recommended that researchers conduct more studies using multiple cognitive test batteries and measures of everyday cognitive abilities that are relevant to patients’ understanding of their disease and treatment. This will enable researchers to obtain a comprehensive understanding of cognitive function in CKD patients. Longer longitudinal follow-up periods will allow for the detection of subtle changes in cognitive function over time and assess the impact of different CKD stages on cognitive function. Stratification by education level and/or numeracy skill can help control potential confounding factors that may influence cognitive function. Additionally, explicitly excluding dialysis patients could be beneficial to isolate the effects of CKD itself on cognitive function, as chronic dialysis treatment can significantly impact cognitive function. Furthermore, factor analyses that identify theoretically relevant cognitive domains and the use of more precise information processing tasks are recommended. A consensus on a standardized test battery would make comparisons of studies and subgroups clearer, while well-matched CKD and control groups can minimize the impact of confounding variables and increase the validity of the study findings. Moreover, using more advanced statistical methods, such as Mendelian randomization, marginal structural models, and propensity calibration, can help better control for potential confounding variables and improve the accuracy of the results. Similarly, more complex statistical methods like multilevel modeling and generalized estimating equation can help account for the hierarchical nature of data and improve the precision of the estimates. These methods can provide a more rigorous analysis and better insight into the associations between CKD and cognitive function. Lastly, insufficient reporting has made assessing articles challenging in some cases, and adopting recently proposed guidelines can help alleviate this issue for advancing the field.
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