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Abstract 1 

Background: No longitudinal study has investigated the impact of combination of kidney function (KF) and physical 2 

function (PF) on cognitive decline in these patients. 3 

Methods: We conducted a 2-year prospective cohort study enrolling 131 patients ≥65 years with pre-dialysis chronic kidney 4 

disease (CKD). We assessed cognitive function with the Japanese version of the Montreal Cognitive Assessment (MoCA-J). 5 

We calculated %MoCA-J based on the rate of change between baseline and follow-up MoCA-J scores and defined cognitive 6 

decline over 2-years as a %MoCA-J of less than the first quartile value. We defined eGFR ≥ 30 as mild-to-moderate and 7 

eGFR < 30 mL/min per 1.73 m2 as severe. And low PF was defined as low handgrip strength (< 26 for men and < 18 kgf for 8 

women) and/or low gait speed (< 0.8 m/s). Patients were classified into 4 groups: group 1, patients with mild-to-moderate 9 

impairment in KF and high PF; group 2, with mild-to-moderate impairment in KF and low PF; group 3, with severe 10 

impairment in KF and high PF; and group 4, with severe impairment in KF and low PF. 11 

Results: Eighty-four patients completed follow-up assessment. Multivariate logistic regression analysis showed that the 12 

combination of severe impairment in KF and low PF was significantly associated with cognitive decline (odds ratio, 5.73). 13 

However, no significant cognitive decline was observed in patients with either severe impairment in KF or low PF alone. 14 

Conclusions: We may need to focus on maintaining PF in older patients with advanced CKD may help prevent cognitive 15 

decline. 16 
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 1 

Introduction 2 

The number of chronic kidney disease (CKD) patients has increased. Approximately 13.3 million Japanese have CKD 3 

[1]. The prevalence of CKD increases with age [2], and it is present in more than 20% of the older Japanese population [1]. 4 

Thus, we believe it is necessary to pay attention to older adults with CKD. 5 

Although end-stage kidney disease patients receiving dialysis are well known to have significant risk factors for various 6 

comorbidities, pre-dialysis CKD is also a risk factor for comorbidities such as cardiovascular disease and heart failure, 7 

which can lead to greater mortality [3] and a decline in physical function [4, 5]. More recently, pre-dialysis CKD has been 8 

identified as a risk factor for declining cognitive function and dementia, even in moderate stages of CKD [6, 7]. Since poor 9 

cognitive function may have been linked to poor health literacy and poor adherence to medical treatment [8] and CKD-10 

related cognitive impairment may affect the choice of the dialysis modalities [9]. Therefore, this problem warrants 11 

significant attention. 12 

There are several factors associated with cognitive impairment in patients with CKD. First, kidney function itself is 13 

reported to be associated with cognitive function. Kidney impairment was independently associated with new cognitive 14 

impairment [10] and onset of dementia [6]. Furthermore, in meta-analysis, kidney impairment is independent factor for 15 

cognitive decline [7]. Second, decreased physical function has also been identified as a risk factor for cognitive impairment. 16 

For example, slow gait speed, one of the markers of physical function, is a risk factor for cognitive decline in community-17 

dwelling older adults [11]. We also reported that physical function was associated with cognitive impairment in older adults 18 

with pre-dialysis CKD in a cross-sectional study [12]. Because physical function and kidney function were reported to be 19 

interrelated in patients with pre-dialysis CKD [13], both these two factors should be investigated together to determine their 20 

effect on declining cognitive function. However, the utility of combining these factors has not been investigated in a 21 

longitudinal manner.  22 

The purpose of our study was to examine the impact of both kidney and physical function on longitudinal cognitive 23 

decline in older adults with pre-dialysis CKD.  24 

 25 

Materials and Methods 26 

 27 

Study Design and Patient Population 28 

In this 2-year prospective cohort study, we enrolled 131 consecutive patients aged ≥ 65 years with pre-dialysis CKD treated 29 

on an outpatient basis in our Nephrology and Hypertension Clinic in the Department of Medicine, St. Marianna University 30 

School of Medicine Hospital, from July 2014 to October 2015. Patients with pre-dialysis CKD were defined as those with 31 

stage 3-5 CKD who were not yet receiving dialysis. CKD stages 3, 4 and 5 included patients with an estimated glomerular 32 



 4 

filtration rate (eGFR) between 30 and 59, 15 and 29, and <15 mL/min/1.73m2, respectively [14]. The eGFR was calculated 1 

from the equation devised for Japanese subjects [15]. The exclusion criteria were as follows: patients diagnosed with 2 

dementia, neurological or orthopedic disease, significant peripheral arterial disease of Fontaine stage II or more, those 3 

requiring gait assistance, and those refusing to provide consent.  4 

 5 

Demographic and Clinical Characteristics 6 

We investigated demographic and clinical characteristics at baseline by review of medical records. These included age, 7 

sex, body mass index (BMI), smoking and alcohol consumption (categorized as never, past use, or current use), living status 8 

(alone or otherwise), primary kidney disease, and history of diabetes mellitus, hypertension and cardiovascular disease, and 9 

habitual use of sleeping drugs. Primary kidney disease was diagnosed by nephrologists as nephrosclerosis, diabetic 10 

nephropathy, chronic glomerulonephritis, others, or unknown. Comorbidities was diagnosed by a nephrologist or other 11 

medical doctor. Hemoglobin, serum albumin, eGFR, and proteinuria (categorized as < 0.15 g/gCr, 0.15–0.49 g/gCr, or ≥ 12 

0.50 g/gCr) [16] were also investigated. We defined eGFR ≥ 30 mL/min/1.73 m2 as mild to moderate impairment in kidney 13 

function and eGFR < 30 mL/min/1.73 m2 as severe impairment in kidney function in this study. Education level was 14 

categorized as ≤ 12 years and > 12 years. 15 

 16 

Physical Function and ADL 17 

Physical function was assessed at baseline by measurement of handgrip strength and gait speed. Handgrip strength was 18 

measured using the Jamar Digital Hand Dynamometer (Sammons Preston, Inc., Bolingbrook, IL, USA), set at the second 19 

grip position for all patients [17]. Two measurements were obtained for each hand, with the highest value (kgf) used in the 20 

analysis. To determine gait speed, patients performed two 4-m gait trials at their usual pace on a flat surface [18]. Gait speed 21 

was calculated as the time taken (s) to complete the 4-m distance (m/s), with highest speed from the two trials used in the 22 

analysis. Low physical function was defined as low handgrip strength (< 26 kgf for men and < 18 kgf for women) and/or 23 

low gait speed (< 0.8 m/s), and values above these were defined as high physical function [19]. 24 

Activities of daily living (ADL) were assessed at baseline using the Barthel Index. The Barthel index is a widely used 25 

measure of function disability in ADL, i.e., feeding, chair transfer, grooming, toileting, bathing, mobility, stair climbing, 26 

dressing, and bowel and bladder control [20]. 27 

 28 

Classification of patients 29 

Patients were classified into four groups according to various combinations of kidney function and physical function 30 

values using the definitions previously mentioned: group 1, patients with mild to moderate impairment in kidney function 31 

and high physical function; group 2, with mild to moderate impairment in kidney function and low physical function; group 32 
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3, with severe impairment in kidney function and high physical function; and group 4, with severe impairment in kidney 1 

function and low physical function. 2 

 3 

Cognitive Function 4 

Cognitive function was assessed at baseline and at follow-up (2 years later) using the Japanese version of the Montreal 5 

Cognitive Assessment (MoCA-J) [21]. The MoCA-J is a brief screening tool for mild cognitive impairment that considers 6 

multiple cognitive domains: attention, concentration, executive function, memory, language, visuospatial, conceptual 7 

thinking, calculations, and orientation [21,22]. To correct for education effects, we added 1 point for patients with an 8 

education level of ≤ 12 years [21]. The rate of change between the baseline and follow-up MoCA-J scores (%MoCA-J) was 9 

calculated as follows: (MoCA-J score at follow-up / MoCA-J score at baseline) × 100. 10 

Incidentally, the minimal detectable change in MoCA-J has not been reported because the MoCA-J is a relatively new 11 

assessment. A previous study defined cognitive decline as a change in the score in the lowest quartile [23]. Therefore, we 12 

defined a %MoCA-J value in the lowest quartile (a %MoCA-J of < 92% in this study) as cognitive decline over the 2-year 13 

follow-up period. 14 

 15 

Statistical Analysis 16 

One-way analysis of variance, Kruskal-Wallis test, and chi-squared test were used to examine the differences among the 17 

four groups as appropriate. We used multivariate logistic regression analysis to examine the effect of a combination of 18 

kidney function and physical function on cognitive decline during the 2-year follow-up period. In the logistic regression 19 

analysis, the four patient groups were used as the independent variables (reference, group 1), and the presence/absence of 20 

cognitive decline was used as the dependent variable. To adjust for confounding factors in the logistic regression model, we 21 

included variables as covariates with a P value < 0.05 in univariate analysis. A P-value < 0.05 was considered to be 22 

statistically significant. All statistical analyses were performed using IBM SPSS 20.0 J statistical software (IBM SPSS 23 

Japan. Inc., Tokyo, Japan). 24 

 25 

Results 26 

 27 

Of the original 131 patients enrolled, 84 patients completed the 2-year follow-up assessment. The other 47 patients were 28 

excluded for the reason shown in Fig. 1. There was no significant difference in basic demographic and clinical 29 

characteristics between patients completed assessment and excluded. 30 

The characteristics of the patients are shown in Table 1. The overall mean age of the patients was 77.3±6.8 years, of 31 

whom 62 (73.8%) were men, and the mean eGFR was 31.1±11.6 mL/min per 1.73 m2). In this study, 34 patients were 32 
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classified in group 1 (mild to moderate impairment in kidney function and high physical function), 11 in group 2 (mild to 1 

moderate impairment in kidney function and low physical function), 24 in group 3 (severe impairment in kidney function 2 

and high physical function), and 15 patients in group 4 (severe impairment in kidney function and low physical function). 3 

Significant differences other than eGFR and physical function observed between the four groups were patient age (p < 0.01), 4 

hemoglobin level (p < 0.01), proteinuria (p < 0.01), and MoCA-J score at baseline (p = 0.04) and at follow-up (p = 0.02). 5 

The results of the logistic regression analysis for cognitive decline in the four patient groups over the 2-year follow-up 6 

period are shown in Table 2. In the crude model, group 4 was significantly associated with cognitive decline (p = 0.009), 7 

with an odds ratio of 5.79 and 95% confidence interval of 1.54–21.79. After adjustment for covariates (patient’s age, 8 

hemoglobin level, proteinuria, and MoCA-J score at baseline) in the adjusted model, as in the crude model, group 4 was still 9 

significantly associated with cognitive decline (p = 0.049), with an odds ratio of 5.73 and 95% confidence interval of 1.01–10 

32.52. 11 

 12 

Discussion 13 

 14 

To our knowledge, this is the first study to show the effect of the combination of kidney function and physical function 15 

on subsequent cognitive decline during a 2-year follow-up period among older adults with pre-dialysis CKD. The results 16 

showed that there was no significant cognitive decline in those patients with either severe impairment in kidney or low 17 

physical function alone. However, there was significant cognitive decline in those patients with both severe impairment in 18 

kidney function and low physical function. 19 

In this study, cognitive function declined in 29.8% of the patients over the 2-year follow-up period. We defined decline 20 

of cognition if their %MoCA-J value was in the lowest quartile, which was less than 92% in the present study (indicating a 21 

decline of 8% or more from baseline).  22 

To our knowledge, the significance of a minimal detectable change in %MoCA-J is not clear. Even a slight decline in 23 

cognitive function might be defined as cognitive deterioration, but such definition may not be appropriate because it would 24 

mean that a decline by even only 1 point would be defined as cognitive deterioration, although this might be a change by 25 

chance. However, the definition of cognitive decline in this study was reasonable because it is possible to exclude changes 26 

by chance. 27 

Kidney function has been reported to be one of the risk factors of cognitive decline in CKD patients. More advanced 28 

stages of CKD were associated with an increased risk for longitudinal cognitive decline [10, 24]. It is thought that various 29 

factors caused by impairment in kidney function such as anemia, cerebrovascular injury, uremic toxin, and oxidative stress 30 

may be involved in the pathogenesis [25,26]. However, in the present study, it is very intriguing that even patients with 31 

severe impaired of kidney function did not suffer from significant cognitive decline if their physical function was high. In 32 
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other words, the results suggested that even in patients with severe CKD, maintaining high physical function may prevent 1 

cognitive decline. 2 

By contrast, cognitive function declined in the patients with both severe kidney dysfunction and low physical function. 3 

This association remained significant even after adjusting for covariates such as age, hemoglobin, proteinuria, and cognitive 4 

function at baseline, which are known to affect cognitive decline [27, 28]. Thus, although either of impairment in kidney 5 

function kidney function or low physical function is an individual risk factor for cognitive decline, when both factors are 6 

combined, the risk of cognitive decline increases much more significantly. 7 

Low physical function causes physical inactivity, which may have an effect on cognitive decline. Low grip strength and 8 

slower gait speed are indicative of frailty and can lead to decreased physical activity based on the “Cycle of Frailty” [29]. 9 

There are several reasons why low physical activity and cognitive function are related. First, physical inactivity causes 10 

decreases in brain-derived neurotrophic factor (BDNF). BDNF is a nerve growth factor and is involved in the control of 11 

neuronal differentiation, cell survival, and synapse formation [30, 31]. Physical activity is associated with the serum BDNF 12 

level [32]. We surmise that low physical activity causes a low serum BDNF level that results in cognitive decline. Second, 13 

there is an association between physical activity and vascular endothelial function. Endothelial dysfunction can lead to the 14 

development of atherosclerosis [33]. As a result, endothelial function might be involved in the pathogenesis of silent lacunar 15 

infarcts and ischemic white matter lesions, which are risk factors for dementia and cognitive impairment [34, 35]. Low 16 

physical function has been reported to be related to endothelial dysfunction [36]. In this way, we consider that low physical 17 

function leads to physical inactivity, which caused a negative mechanism in the body that may result in cognitive decline. 18 

However, as a limitation of the present study, we did not investigate physical activity, BDNF level, and endothelial function 19 

and therefore cannot prove these hypotheses. 20 

This study has some other important limitations. First, the follow-up period for cognitive decline of 2 years is relatively 21 

short. Second, we only used the MoCA-J to assess cognitive decline, which provides an assessment of global cognition and 22 

not several cognitive domains, and we did not evaluate brain images and psychological factors such as depression. Third, we 23 

defined cognitive decline as a change in the score in the lowest quartile based on a previous study [23]. However, this is not 24 

an established definition. Therefore, we may have overestimated the number of patients in whom cognitive function 25 

declined. Finally, 31% of the patients dropped out of this study. Many of the dropouts were due to death or the induction of 26 

dialysis. Therefore, it is possible that cognitive decline had also occurred in the patients who dropped out, but this is 27 

unknown. The dropout rate was especially high in the patients in group 2 (mild to moderate impaired kidney function and 28 

low physical function). In a previous study on community-dwelling older adults, only low physical function was risk factor 29 

for cognitive decline [37, 38]. This result is different from that of our study. We surmise that the results in those studies may 30 

have been affected by many dropouts, small sample size, and inadequate statistical power. 31 



 8 

In conclusion, among older adults with pre-dialysis CKD, those with both impairment in kidney function and low 1 

physical function had more significant subsequent decline in cognitive function than those with impairment in kidney or low 2 

physical function alone during a 2-year follow-up period. Even in patients with a severe impairment in kidney function, no 3 

significant impact on cognitive decline was observed if their physical function remained high, suggesting that maintaining 4 

high physical function in older adults with advanced CKD may help prevent cognitive decline. 5 

 6 

  Acknowledgments 7 

 8 

The authors are grateful to Ms. M. Nakanome and Ms. Y. Sawamura for their contributions to the assessment of patient 9 

management in this study and to Mr. S.Koyama, Mr.S.Ohji, Mr. T.Tanaka, Mr. A.Sato, Mr. N.Tani, Mr. Y.kimura and Mr, 10 

M.Yamada for their insightful advice on earlier drafts of this manuscript. 11 

 12 

Compliance with ethical standards 13 

 14 

Conflict of interest 15 

All authors have no conflicts of interest to disclose. 16 

 17 

Ethical approval 18 

All procedures performed in studies involving human participants were in accordance with ethical standards of the 19 

institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments or 20 

comparable ethical standards. The study protocol was reviewed and approved by the Institutional Committee on Human 21 

Research of St. Marianna University School of Medicine (IRB approval No. 2691). 22 

 23 

Informed consent 24 

Informed consent was obtained from all individual participants included in this study. 25 

 26 

  27 



 9 

References 1 

 2 

1. Imai E, Horio M, Watanabe T, Iseki K, Yamagata K, Hara S, et al. Prevalence of chronic kidney disease in the 3 

Japanese general population. Clin Exp Nephrol 2009 Dec;13(6):621-630. 4 

2.  Zhang QL, Rothenbacher D. Prevalence of chronic kidney disease in population-based studies: systematic review. 5 

BMC Public Health 2008 Apr 11;8:117-2458-8-117. 6 

3. Foley RN, Parfrey PS, Sarnak MJ: Epidemiology of cardiovascular disease in chronic renal disease. J Am Soc Nephrol 7 

1998;9(12 Suppl):S16–S23. 8 

4 Foley RN, Wang C, Ishani A, Collins AJ, Murray AM: Kidney function and sarcopenia in the United States general 9 

population: NHANES III. Am J Nephrol 2007;27:279–286. 10 

5 Johansen KL, Chertow GM, Jin C, Kutner NG: Significance of frailty among dialysis patients. J Am Soc Nephrol 11 

200718:2960–2967. 12 

6 Seliger SL, Siscovick DS, Stehman-Breen CO et al. Moderate renal
 
impairment and risk of dementia among older 13 

adults: The Cardiovascular Health Cognition Study. J Am Soc Nephrol 2004;15:1904–1911. 14 

7 Etgen T, Chonchol M, Forstl H, Sander D: Chronic kidney disease and cognitive impairment: A systematic review and 15 

meta-analysis. Am. J. Nephrol. 2012;35:474–482. 16 

8 Berger I, Wu S, Masson P et al. Cognition in chronic kidney disease: A systematic review and meta-analysis. BMC 17 

Med. 2016;76 14:206. 18 

9 Harhay MN, Xie D, Zhang X et al. CRIC Study Investigators: Cognitive Impairment in Non-Dialysis-Dependent CKD 19 

and the Transition to Dialysis: Findings From the Chronic Renal Insufficiency Cohort (CRIC) Study. Am J Kidney Dis 20 

2018. doi: 10.1053/j.ajkd.2018.02.361. 21 

10 Etgen T, Sander D, Chonchol M et al. Chronic kidney disease is associated with incident cognitive impairment in the 22 

elderly: the INVADE study. Nephrol Dial Transplant 2009;24:3144–3150. 23 

11 Mielke MM, Roberts RO, Savica R et al. Assessing the temporal relationship between cognition and gait: slow gait 24 

predicts cognitive decline in the Mayo Clinic Study of Aging. J Gerontol A Biol Sci Med Sci 2013;68:929–937. 25 

12 Otobe Y, Hiraki K, Hotta C et al. Mild cognitive impairment in older adults with pre-dialysis patients with chronic 26 

kidney disease: Prevalence and association with physical function. Nephrology (Carlton) 2017. doi: 27 

10.1111/nep.13173. 28 

13 Hiraki K, Yasuda T, Hotta C et al. Decreased physical function in pre-dialysis patients with chronic kidney disease. 29 

Clin Exp Nephrol 2013;17:225–231. 30 

14  National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification,  31 

and stratification. Am J Kidney Dis 2002 Feb;39(2 Suppl 1):S1-266. 32 



 10 

15  Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for estimated GFR from serum  1 

creatinine in Japan. Am J Kidney Dis 2009 Jun;53(6):982-992. 2 

16  KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int 3 

Suppl (2011) 2013 Jan;3(1):19-62. 4 

17  Bohannon RW, Schaubert KL. Test-retest reliability of grip-strength measures 5 

    obtained over a 12-week interval from community-dwelling elders. J Hand Ther 2005;18:426–427. 6 

18  Guralnik JM, Simonsick EM, Ferrucci L et al. A short physical performance battery assessing lower extremity 7 

function: association with self reported disability and prediction of mortality and nursing home admission. J Gerontol 8 

1994;49:M85–M94. 9 

19  Chen LK, Liu LK, Woo J et al. Sarcopenia in Asia: consensus report of the Asian Working Group for Sarcopenia. J 10 

Am Med Dir Assoc 2014;15:95–101. 11 

20  Mahoney FI, Barthel DW. Functional Evaluation: the Barthel Index. Md State Med J 1965;14:61–65. 12 

21  Fujiwara Y, Suzuki H, Yasunaga M et al. Brief screening tool for mild cognitive impairment in older Japanese:  13 

validation of the Japanese version of the Montreal Cognitive Assessment. Geriatr Gerontol Int 2010;10:225–232. 14 

22 Nasreddine ZS, Phillips NA, Bédirian V et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for 15 

mild cognitive impairment. J Am Geriatr Soc 2005;53:695–699. 16 

23 Huisingh C, Owsley C, Wadley VG et al. General cognitive impairment as a risk factor for motor vehicle collision 17 

involvement: a prospective population-based study. Geriatrics (Basel) 2018. doi: 10.3390/geriatrics3010011. 18 

24 Kurella M, Chertow GM, Fried LF et al. Chronic kidney disease and cognitive impairment in the elderly: the health, 19 

aging, and body composition study. J Am Soc Nephrol 2005;16:2127–2133. 20 

25 Etgen T. Kidney disease as a determinant of cognitive decline and dementia. Alzheimers Res Ther 2015;7:29. 21 

26 Bugnicourt JM, Godefroy O, Chillon JM, Choukroun G, Massy ZA. Cognitive disorders and dementia in CKD: the 22 

neglected kidney-brain axis. J Am Soc Nephrol 2013;24:353–363. 23 

27 Gronewold J, Todica O, Seidel UK et al. Cognitive performance is highly stable over a 2-year-follow-up in chronic 24 

kidney disease patients in a dedicated medical environment. PLoS One 2016;11:e0166530. 25 

28 Stivelman JC. Benefits of anaemia treatment on cognitive function. Nephrol Dial Transplant 2000;15 Suppl 3:29–35. 26 

29 Fried LP, Tangen CM, Walston J et al. Cardiovascular Health Study Collaborative Research Group: Frailty in older 27 

adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001;56:M146–M156. 28 

30 Park H, Poo MM. Neurotrophin regulation of neural circuit development and function. Nat Rev Neurosci 2013;14:7–29 

23. 30 

31 Leal G, Afonso PM, Salazar IL, Duarte CB. Regulation of hippocampal synaptic plasticity by BDNF. Brain Res 31 

2015;1621:82–101. 32 



 11 

32 Chan KL, Tong KY, Yip SP. Relationship of serum brain-derived neurotrophic factor (BDNF) and health-related 1 

lifestyle in healthy human subjects. Neurosci Lett 2008;447:124–128. 2 

33 Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature 1993;362:801–809. 3 

34 Knottnerus IL, Ten Cate H, Lodder J, Kessels F, van Oostenbrugge RJ. Endothelial dysfunction in lacunar stroke: a 4 

systematic review. Cerebrovasc Dis 2009;27:519–526. 5 

35 Moncada S, Higgs A. The L-arginine-nitric oxide pathway. N Engl J Med 1993;329:2002–2012. 6 

36 Siekmeier R, Grammer T, Marz W. Roles of oxidants, nitric oxide, and asymmetric dimethylarginine in endothelial 7 

function. J Cardiovasc Pharmacol Ther 2008;13:279–297. 8 

37 Mielke MM, Roberts RO, Savica R et al. Assessing the temporal relationship between cognition and gait: slow gait 9 

predicts cognitive decline in the Mayo Clinic Study of Aging. J Gerontol A Biol Sci Med Sci 2013;68:929–937. 10 

38 Verghese J, Lipton RB, Hall CB, Kuslansky G, Katz MJ, Buschke H. Abnormality of gait as a predictor of non-11 

Alzheimer's dementia. N Engl J Med 2002;347:1761–1768. 12 

 13 

 14 

  15 

  16 

  17 



 12 

 1 

Fig. 1. Diagram of the patient selection process. 2 

 3 
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131 older adults ( ≥ 65 years) with pre-dialysis chronic kidney disease treated on an outpatient basis in the 
Nephrology and Hypertension Clinic of the Department of Medicine, St. Marianna University School of 
Medicine Hospital, were enrolled.  

125 patients were selected for baseline analyses

84 patients completed the 2-year follow-up assessment 

Excluded (n = 6)
・Gait disability (n = 2)
・Refused to participate (n = 1)
・Missing data (n = 3)

Dropped out (n = 41)
・Death (n = 10)
・Induction of dialysis (n = 11)
・Severe illness (n = 4)
・Untraceable (n = 6)
・Changed hospital (n = 2)
・Refused follow-up assessment (n = 7)  
・Missing data (n= 1)
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Table 1. Patient characteristics 

  

Overall 

(n=84) 

Group 1 

 (n=34) 

Group 2 

(n=11) 

Group 3 

(n=24) 

Group 4 

(n=15) 

P value 

Age, mean ± SD 77.3±6.8 75.9±4.8 83.3±7.4 74.7±6.9 80.7±7.1 < 0.01 

Gender, male, n (%) 62 (73.8) 27 (79.4) 7 (63.6) 18 (75.0) 10 (66.7) 0.67 

BMI, [kg/m2], median (IQR) 23.6 (21.7–25.3) 23.7 (22.7–25.4) 22.1 (19.1–24.1) 23.7 (21.1–25.5) 23.0 (21.5–25.2) 0.21 

Smoking, n (%) 64 (76.2) 27 (79.4) 6 (54.5) 21 (87.5) 10 (66.7) 0.14 

Drinking, n (%) 40 (47.6) 17 (50.0) 4 (36.4) 12 (50.0) 7 (46.6) 0.87 

Living alone, n (%) 12 (14.3) 5 (14.7) 2 (18.2) 3 (12.5) 2 (13.3) 0.97 

Primary kidney disease     0.50 

Nephrosclerosis, n (%) 35 (41.6) 16 (47.1) 6 (54.5) 9 (37.5) 4 (26.7)  

Diabetic nephropathy, n (%) 18 (21.4) 5 (14.7) 0 (0) 8 (33.3) 5 (33.3)  

Chronic glomerulonephritis, 

n (%) 

6 (7.2) 2 (5.9) 1 (9.1) 2 (8.3) 1 (6.7)  

Others or unknown, n (%) 25 (29.8) 11 (32.3) 4 (36.4) 5 (20.9) 5 (33.3)  

Hemoglobin [g/dL], mean ± SD 12.2±1.6 13.2±1.7 11.3±1.0 11.7±1.2 11.4±1.4 < 0.01 

Albumin [g/dL], mean ± SD 4.1±0.3 4.2±0.3 4.0±0.3 4.0±0.3 4.1±0.2 0.21 

eGFR [mL/min/1.73 m2], mean 

± SD 

31.1±11.6 39.8±6.5 41.6±8.7 21.6±5.6 19.1±3.7 < 0.01 

Proteinuria [g/gCr], n (%)      < 0.01 

< 0.15 22 (26.2) 15 (44.1) 4 (36.4) 3 (12.5) 0 (0)  

0.15–0.49 22 (26.2) 10 (29.4) 4 (36.4) 3 (12.5) 5 (33.3)  

≥ 0.50 40 (47.6) 9 (26.5) 3 (27.2) 18 (75.0) 10 (66.7)  

Comorbidity       

Diabetes, n (%) 29 (34.5) 11 (32.4) 3 (27.3) 10 (41.7) 5 (33.3) 0.83 

Hypertension, n (%) 76 (90.5) 30 (88.2) 11 (100) 22 (91.7) 13 (86.7) 0.15 

CVD, n (%)  23 (23.8) 6 (17.6) 2 (18.2) 10 (41.7) 5 (33.3) 0.19 

Sleeping Drug, n (%) 20 (23.8) 8 (23.5) 3 (27.3) 4 (16.7) 5 (33.3) 0.68 

Education level      0.47 

≤12 years, n (%) 48 (57.1) 18 (52.9) 7 (63.6) 12 (50.0) 11 (73.3)  
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>12 years, n (%) 36 (42.9) 16 (47.1) 4 (36.4) 12 (50.0) 4 (26.7)  

MoCA-J at baseline [points], 

median (IQR) 

25.0 (23.0–26.0) 25.5 (23.0–26.0) 24.0 (21.0–25.0) 25.0 (24.0–27.0) 23.0 (22.0–26.0) 0.04 

MoCA-J at follow-up [points], 

median (IQR) 

24.0 (22.0–26.0) 25.0 (23.0–26.0) 24.0 (20.0–24.0) 24.5 (20.5–27.0) 22.0 (20.0–25.0) 0.02 

%MoCA-J [%], median (IQR) 96 (92.0–104) 100 (95.3–104) 100 (95.0–100) 96.0 (89.0–100) 92.0 (86.0–100) 0.12  

Handgrip strength [kgf], mean 

± SD 

27.7±8.8 32.3±7.5 19.3±6.3 30.9±5.7 18.3±5.1 < 0.01 

Gait speed [m/sec], mean ± 

SD 

1.1±0.3 1.3±0.2 0.9±0.3 1.2±0.2 0.9±0.2 < 0.01 

Barthel Index [points], median 

(IQR) 

100 (100–100) 100 (100–100) 100 (100–100) 100 (100–100) 100 (95–100) 0.15 

Group 1 = mild to moderate impairment in kidney function and high physical function group; Group 2 = mild to moderate impairment in kidney 

function and low physical function group; Group 3 = severe impairment in kidney function and high physical function group; Group 4 = severe 

impairment in kidney function and low physical function group; SD = standard deviation; IQR = interquartile range; BMI = body mass index; 

eGFR = estimated glomerular filtration rate; CVD = cardiovascular disease; MoCA-J = Japanese version of the Montreal Cognitive Assessment. 

%MoCA-J was calculated as follows: (MoCA-J score at follow-up / MoCA-J score at baseline) × 100 (%). 
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Table 2. Logistic regression models of the impact of the combination of kidney and physical function on cognitive decline over 2 

years in older adults with pre-dialysis chronic kidney disease 

  
N 

Frequency, n 

(%) 

Crude Adjusted Model 

  OR 95% CI P value OR 95% CI P value 

Group 1 34 7 (20.6%) 1 Ref.  1 Ref.  

Group 2 11 2 (18.2%) 0.86 0.15–4.90 0.86 0.56 0.07–4.57 0.58 

Group 3 24 7 (29.2%) 1.59 0.47–5.33 0.45 1.85 0.49–8.54 0.43 

Group 4 15 9 (60.0%) 5.79 1.54–21.79 0.009 5.73 1.01–32.52 0.049 

Adjusted Model is adjusted for age, hemoglobin, proteinuria, and MoCA-J at baseline. 1 

Patients with cognitive decline during the 2-year follow-up were defined by %MoCA-J as being in the lowest quartile of all patients. 2 

Group 1 = mild to moderate impairment in kidney function and high physical function group; Group 2 = mild to moderate impairment in 3 

kidney function and low physical function group; Group 3 = severe impairment in kidney function and high physical function group; 4 

Group 4 = severe impairment in kidney function and low physical function group; OR = odds ratio; 95% CI = 95% confidence interval. 5 

 6 


