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Abstract

:

A longitudinal alteration in health-related quality of life (HRQoL) over a two-year period and its association with early-stage chronic kidney disease (CKD) progression was investigated among 1748 older adults (>75 years). HRQoL was measured by the Euro-Quality of Life Visual Analog Scale (EQ-VAS) at baseline and at one and two years after recruitment. A full comprehensive geriatric assessment was performed, including sociodemographic and clinical characteristics, the Geriatric Depression Scale-Short Form (GDS-SF), Short Physical Performance Battery (SPPB), and estimated glomerular filtration rate (eGFR). The association between EQ-VAS decline and covariates was investigated by multivariable analyses. A total of 41% of the participants showed EQ-VAS decline, and 16.3% showed kidney function decline over the two-year follow-up period. Participants with EQ-VAS decline showed an increase in GDS-SF scores and a greater decline in SPPB scores. The logistic regression analyses showed no contribution of a decrease in kidney function on EQ-VAS decline in the early stages of CKD. However, older adults with a greater GDS-SF score were more likely to present EQ-VAS decline over time, whereas an increase in the SPPB scores was associated with less EQ-VAS decline. This finding should be considered in clinical practice and when HRQoL is used to evaluate health interventions among older adults.
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1. Introduction


The increase in the prevalence of chronic kidney disease (CKD) among older adults is related to a broad range of health concerns, including impaired physical, cognitive, and mental function [1,2,3], malnutrition [4], sarcopenia [5], and frailty [6,7]. These health-related problems among older adults increase the use of healthcare resources and challenge healthcare systems [8,9] more than other diseases [10,11,12]. This contributes to reducing the health-related quality of life (HRQoL) of community-dwelling older adults even in the early stages of CKD [13]. HRQoL was suggested to be a significant outcome, and its repeated evaluations are recommended to assess the quality of care in patients with end-stage renal disease (ESRD) [14].



HRQoL is a subjective perception of individuals or groups of their physical and mental health [15]. Not surprisingly, patients with severe CKD and ESRD show lower HRQoL scores [16,17,18,19,20]. Reduced HRQoL in patients with ESRD is associated with lower survival and higher hospitalization rates [16,17,18]. A previous cross-sectional study showed that even in early CKD stages in community-dwelling older adults, HRQoL was significantly lower compared to healthy older adults, and that the impact of CKD on HRQoL is multifactorial and partly mediated by physical performance and depressive symptoms [13]. This finding is consistent with other cross-sectional studies that have shown lower HRQoL even in the early stages (e.g., 3a and 3b) of CKD [21,22,23,24]. Longitudinal data on the association between CKD progression and HRQoL decline among older adults are rare, especially in the early stages of CKD, because this topic is less investigated. Yet, a few studies have shown that morbidity and mortality outcomes are associated with low HRQoL in patients with CKD [25,26,27,28]. In these studies, physical performance, psychological state, and HRQoL were significantly associated with increased risks of ESRD and mortality among CKD patients.



The SCOPE study represents a valuable opportunity to investigate the associations between decreased HRQoL and decline in kidney function over a two-year follow-up period in non-end-stage renal disease participants [29]. Because HRQoL is not directly affected by core symptoms of CKD, but by the deterioration in physical and psychological function [13], the aims of the present study were to investigate the association between alterations in HRQoL over a two-year period and the progression of early-stage CKD among older adults. Thus, four research questions were formulated to be addressed in the present analyses: (1) Are changes in physical functioning and depressive symptoms over a two-year period associated with decreased HRQoL? (2) Is baseline HRQoL associated with CKD progression over a two-year period? (3) Are there changes in HRQoL over a two-year period in community-dwelling older adults? (4) Is CKD progression over a two-year period associated with decreased HRQoL? The findings of this analysis will help to deepen the understanding of the impact of negative aspects of CKD on HRQoL among older adults in the early stages of the disease and to better evaluate HRQoL, not only as a consequence of the disease but also as a broad reflection of well-being among the older population.




2. Materials and Methods


2.1. Study Design and Participants


The present analysis was performed within the framework of the “Screening for Chronic Kidney Disease among Older People across Europe” (SCOPE) project, a multicenter 2-year prospective cohort study involving people older than 75 years attending outpatient services in participating institutions in Austria, Germany, Israel, Italy, the Netherlands, Poland, and Spain (clinical trial number NCT02691546, registered on 25th February 2016 at clinicaltrials.gov). Methods of the SCOPE study have been described in detail elsewhere [29]. A full comprehensive geriatric assessment (CGA) was performed at the baseline (T0), at one year (12-month follow-up visit, T1), and 2 years (24-month follow-up visit, T2) after the recruitment. Overall, 2461 participants were initially enrolled in the study, but only 1748 provided complete HRQoL data at all three time points and were included in this analysis (Figure 1). A comparison between 1748 older adults whom we included vs. 713 who were excluded from the analysis due to incomplete HRQoL data can be found in Supplementary Table S1.




2.2. Study Protocol and Instruments


During face-to-face interviews, demographic and clinical variables were collected as follows: sex, age, education, marital status; blood pressure, body mass index (BMI, kg/m2); Mini-Mental State Examination (MMSE) [30]; history of medical conditions (e.g., diabetes mellitus, hypertension, stroke, hip fracture, chronic obstructive pulmonary disease (COPD), osteoporosis, Parkinson’s disease, anemia); the presence of lower urinary tract symptoms (LUTS) [31]; and history of falls during the last year. Overall comorbidity was assessed by the Cumulative Illness Rating Scale for Geriatrics (CIRS-G) [32] and by the number of prescribed medications taken by the participants during the past month (four or less or more than five). A 15-item Geriatric Depression Scale-Short Form (GDS-SF) [33] was used for the evaluation of self-reported symptoms of depression. Short Physical Performance Battery (SPPB) [34] and a hand grip strength test [35] were used for physical performance evaluation. Further, blood and urine laboratory tests were performed at T0, T1, and T2 and included hemoglobin, albumin, serum creatinine, urinary protein-to-creatinine ratio, and estimated glomerular filtration rate (eGFR).




2.3. HRQoL Assessment


HRQoL was assessed by the Euro-Quality of Life Visual Analogue Scale (EQ-VAS) and the Euro-Quality of Life 5 Dimensions (EQ-5D) [36]. The EQ-VAS asks participants to indicate their overall health on a visual analog scale, ranging from “worst possible” (score = 0) to “best possible” health (score = 100). Higher scores on this scale represent better subjective HRQoL. The EQ-5D is used to evaluate the HRQoL measure with one question on five different dimensions, which include mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The answers given to EQ-5D are scored from 1: “I have no problems…” for perfect health status, to 5: “I am unable to …” for bad health status. The 5-digit numbers for the five dimensions are combined and describe the patient’s total self-rated health status. This means that the higher the EQ-5D score on this scale, the worse HRQoL is. The EQ-VAS scores were the explanatory variable in this study. Similar to our previous cross-sectional study [13], we defined three categories of HRQoL: low as an EQ-VAS score of 0–50; intermediate as an EQ-VAS score of 51–75; and high as EQ-VAS score of 76–100.




2.4. HRQoL Decline Outcome


The HRQoL decline over the two-year follow-up period was defined as a downgrading of at least one category according to the EQ-VAS score (i.e., from high to intermediate or low; or from intermediate to low). Based on the above, the participants were divided into two groups: (1) the EQ-VAS decline group; and (2) the no EQ-VAS decline group. We also calculated the variation in EQ-VAS from T0 to T2 as the difference in the EQ-VAS score = Δ EQ-VAS.




2.5. Kidney Function Evaluation


In this analysis, eGFR was calculated using the Berlin Initiative Study (BIS) Equations (1) and (2) [37]:


Women: eGFR = (3736 × (Scr) − 0.87 × (age) − 0.95) × 0.82



(1)






Men: eGFR = 3736 × (Scr) − 0.87 × (age) − 0.95,



(2)







Serum creatinine was measured by Isotope Dilution Mass Spectrometry (IDMS) traceable methods. According to K/DOQI clinical practice guidelines [14], CKD is divided into 5 stages, from stage 1 with normal renal filtration rate (eGFR ≥ 90 mL/min/1.73 m2) to stage 5, including kidney failure or end-stage renal disease (eGFR < 15 mL/min/1.73 m2). For the purpose of our analysis, CKD stages 1 and 2 were combined, defined as non-CKD patients (eGFR ≥ 60 mL/min/1.73 m2), stages 3a + 3b defined as moderate CKD (GFR, 30–59.9 mL/min/1.73 m2), stage 4 defined as severe CKD (GFR, 15–29.9 mL/min/1.73 m2), and stage 5 defined as ESRD (GFR < 14.9 mL/min/1.73 m2). CKD was defined as eGFR < 59.9 mL/min/1.73 m2.




2.6. CKD Progression Outcome


CKD progression was defined as a worsening of at least one CKD stage at least once during the two-year follow-up period (i.e., a decline from CKD stages 3a + b to stages 4 or lower). Based on the above, we divided the participants into two groups: (1) CKD progression group; and (2) no CKD progression group. In addition, Δ eGFR was calculated as the difference in the eGFR from T0 to T2.




2.7. Physical and Mental Functions Decline Outcomes


Worsening of self-reported symptoms of depression was indicated by the positive difference in the GDS-SF score from T0 to T2 (Δ GDS-SF). Deterioration in physical functioning was assessed as the difference from T0 to T2 in the following indicators: overall SPPB score; balance score; gait speed test; chair stand test; and hand grip strength test. Negative Δ SPPB scores and Δ handgrip strength are related to declining/worsening physical function.




2.8. Statistical Analysis


Continuous variables were reported as a mean and standard deviation; comparisons between groups (EQ-VAS decline vs. no EQ-VAS decline) were performed by Student’s t-test or Mann–Whitney U test on the basis of their distribution (assessed using Shapiro–Wilk test). Categorical variables were expressed as absolute frequencies and percentages, and statistical differences were analyzed by Chi-square test. We first computed descriptive statistics for the subject’s characteristics at baseline and the changes over a 2-year period, i.e., from baseline (T0) to T2 (Δ). Associations between ΔEQ-VAS and variation variables (i.e., ΔeGFR, ΔSPPB—overall and subscales, and ΔGDS-SF) were assessed with Spearman rank correlation with Bonferroni-adjusted significance level and graphically represented with scatterplot diagrams. Possible interactions of co-morbidities with ΔeGFR as a factor of quality-of=life decline were also tested. Finally, three multivariable logistic models (unadjusted, age- and sex-adjusted, and fully adjusted) for each variation variable were performed to estimate their relation to EQ-VAS decline. Odds ratios (OR) and 95% confidence intervals (CI) were reported for each potential determinant. Fully adjusted models included age, gender, educational level, EQ-VAS at baseline, MMSE at baseline, BMI at baseline, GDS-SF at baseline, grip strength at baseline, and more than five prescribed medications at baseline. The variance inflation factors (VIFs) and tolerance were additionally measured in the multivariable logistic regression analysis to investigate the degree of multicollinearity among covariates: VIF >10 and tolerance <0.25 were used to define the presence of high multicollinearity (Miles J. Tolerance and variance inflation factor. First published in 29 September 2014, Wiley StatsRef Stat Ref Online, (Hoboken, New Jersey, USA); 2014. https://doi.org/10.1002/9781118445112.stat06593).



Data were analyzed using STATA version 15.1 Statistical Software Package for Windows (Stata Corp, College Station, TX, USA). Statistical significance was set a priori at p < 0.05.





3. Results


3.1. Participants’ Characteristics


In our cohort of 1748 older adults, 1029 (58.7%) were found with no EQ-VAS decline, and 719 (41.3%) had EQ-VAS decline (Table 1). Compared to the no EQ-VAS decline group, the older adults in the EQ-VAS decline group were more frequently females, had a higher educational level, higher BMI, lower MMSE; were taking more than five prescribed medications per day; had higher GDS-SF, higher EQ-5D, higher EQ-VAS, and lower grip strength. Interestingly, Δ GDS-SF increased in the EQ-VAS decline group vs. the no EQ-VAS decline group (+0.1 vs. −0.2, p = 0.046). Compared to the no EQ-VAS decline group, the EQ-VAS decline group showed a significantly higher decline in Δ SPPB balance and Δ SPPB gait speed (−0.1 vs. −0.2, p = 0.029 and −0.1 vs. −0.3, p = 0.034, respectively). No influence of Δ eGFR was found on EQ-VAS decline.




3.2. Associations between Δ EQ-VAS, Δ eGFR, and Other Health-Related Variables


The association between Δ EQ-VAS score during the two-year follow-up was assessed using Spearman rank correlation with Δ eGFR, Δ SPPB score, Δ hand grip strength, and Δ GDS-SF score, as shown in Figure 2A–D. Figure 2A clearly shows no associations between Δ EQ-VAS and Δ eGFR (Rs = 0.026, p = 0.366). However, an increase in GDS-SF score (i.e., Δ GDS-SF) was negatively associated with Δ EQ-VAS (Rs = 0.109, p < 0.001, Figure 2B), suggesting that increased depressive symptoms during the two-year follow-up had a significant association with HRQoL decline among older adults. Further, changes in physical performance over time, i.e., Δ SPPB score and Δ SPPB balance score, have a low yet significantly positive association with Δ EQ-VAS (Rs = 0.096, p = 0.001 and Rs = 0. 0.097, p = 0.001, respectively, Figure 2C,D), suggesting that reduced balance during the 2-year follow-up had a significant effect on HRQoL decline among older adults. In addition, we found no association between Δ EQ-VAS and hand grip strength. Spearman’s rank correlation coefficients remained statistically significant once Bonferroni correction was applied. There was no association between co-morbidities (e.g., diabetes mellitus, hypertension, stroke, hip fracture, COPD, osteoporosis, Parkinson’s disease, anemia, LUTS, and falls history at baseline) and decline in eGFR.



According to the logistic regression analyses (Table 2), there is no contribution of a decrease in kidney function in the early stages of CKD (i.e., Δ eGFR) on EQ-VAS decline. We found that older adults who had more depressive symptoms over the two-year period (i.e., positive Δ GDS) were more likely to report having EQ-VAS decline also after adjusting for age and sex; the EQ-VAS decline was similar (OR = 1.06, 95%CI = 1.02–1.11). When adjusting for educational level, EQ-VAS at baseline, MMSE at baseline, BMI at baseline, GDS-SF at baseline, grip strength at baseline, and more than five prescribed medications at baseline contributed to a somewhat higher EQ-VAS decline (OR = 1.14, 95%CI = 1.09–1.20). Interestingly, an increase in the overall SPPB score during the two-year follow-up period was associated with less EQ-VAS decline by 5% (OR = 0.95, 95%CI = 0.91–0.99). These results were similar after adjusting for age, sex, educational level, EQ-VAS at baseline, MMSE at baseline, BMI at baseline, GDS-SF at baseline, grip strength at baseline, and more than five prescribed medications at baseline. The potential “protection effect” was even higher for Δ SPPB balance and Δ SPPB gait (OR = 0.92, 95%CI = 0.85–0.99 and OR = 0.89, 95%CI = 0.81–0.99, respectively). Adjusting for age and sex (model 2) and for educational level, EQ-VAS at baseline and MMSE at baseline (model 3) did not change the ORs. In addition, Δ SPPB chair stand and Δ hand grip revealed no association with EQ-VAS decline. As for the validity of the analyses, for Models 2 and 3, the mean VIF was <10, ranging from 1.31 and 1.41, and tolerance was >0.25 for each independent variable, confirming that no collinearity issue existed.





4. Discussion


In the present study, we found that 16.3% of older adults showed a decline in kidney function over the two-year follow-up period. A similar percentage of decline was found in a study conducted in the UK (18% of the participants showed a decline in kidney function within five years), whereas the risk of ESRD was very low (0.2%) [38]. However, we found a considerable decrement in HRQoL over the two-year period, whereas approximately 41% (n = 719) reported an EQ-VAS decline. Our study provides evidence that HRQoL decline among older adults is not associated with early stages of kidney function decline over a two-year period. Previous studies found that only patients with CKD on dialysis or with ESRD have a significantly lower HRQoL [39,40]. In patients with pre-dialysis chronic renal failure, the decline in HRQoL has been shown to be faster than that in the general population and was associated with an increase in serum creatinine and a decrease in hematocrit levels [25]. It has also been reported that the physical and psychological domains and HRQoL scores were significantly associated with increased risk of ESRD and mortality among CKD patients [28]. Low HRQoL across numerous subscales was independently associated with a higher risk of cardiovascular events and mortality in CKD patients, but not with CKD progression [27]. In an earlier study, an increased risk of CKD progression and mortality was associated with a lower physical health component of the SF-36 score [26]. The physical function in the above studies [26,27,28] was evaluated using an indirect measure of physical function, i.e., the physical component score of SF-12 and SF-36; thus, it was hard to compare to our cohort, in which physical function was measured using SPPB. In an earlier study [2], reduced renal function was associated with poorer physical performance (SPPB total score < 5) among older hospitalized patients with CKD, which suggests that these older hospitalized adults were more frail than in our cohort of community-dwelling independent older adults. Additionally, Tsai et al. [28] reported that 41.3% of their cohort suffered from depression compared with 14% in our cohort [13], suggesting that their cohort was less resilient. These previous findings combined with our results suggest that HRQoL decline among patients with CKD is associated with ESRD or dialysis, but not at the early stages of CKD progression.



Although earlier studies provide important findings, they are limited in scope, since they did not include older adults in the early CKD stages, which most patients with CKD belong to. More broadly, the association between HRQoL and longitudinal outcomes of physical and psychological domains among older adults in early CKD stages has not been examined. A significant body of research has investigated the possible association between HRQoL and the physical function of patients with ESRD or following kidney transplant, but these factors are not well-explored in those with less severe CKD [41]. This highlights the significance of our finding. Among the possible interpretations of our results, it is worth noting that changes in physical function and depressive symptoms over time have the strongest impact on the decline in EQ-VAS among community-dwelling elderly adults. The multivariate regression analyses showed that the decline in physical functioning and the increase in depressive symptoms over time were independently associated with HRQoL decline. Changes in physical performance over time, i.e., Δ SPPB, have a low yet significantly positive association with Δ EQ-VAS over time; these results may suggest that balance and gait function may ‘protect’ older adults from a decline in HRQoL. Another explanation might be that a better HRQoL leads to better physical function among older adults. Since our results are based on a cross-sectional study design that permits us to determine associations between variables and not causal relationships, the answer to this question should be investigated separately in a later prospective study. Most of the time, HRQoL has been interpreted as an accompanying outcome of one’s disease. However, our findings suggest that HRQoL is an important person-centered measurement, since changes in HRQoL seem to be an indicator of changes in physical and mental health status. Thus, it can be used for general population surveys, clinical research, and health policy evaluation. HRQoL also provides insight into treatment methods, since the improvement in both physical and mental function may improve HRQoL, and this may play an important role in clinical decisions and policy making. The exact mechanism underlying the association between HRQoL and the progression of CKD is abstract and difficult to explore. The decline in EQ-VAS that was found in our study is associated with reduced functional levels in the early stages of CKD among older adults, suggesting that physical or mental maintenance is not seriously addressed, which may be a risk factor for poorer HRQoL outcomes in this population. In other words, poor physical function and mental health can be surrogate parameters indicating an increase in the multi-morbidity burden that older adults feel.



The guidelines for the management of individuals with multiple coexisting chronic diseases [42] suggest that clinicians should assess physical performance such as gait speed, balance, and self-reported health status. They should also be aware of mental health issues. This is compatible with the concept of healthy aging by the World Health Organization [43], which defines healthy aging as a “process of developing and maintaining the functional ability that enables well-being in older age”. Our findings provide evidence that this approach is important in older adults even in the early stages of CKD, for which no clinical treatment is provided. Physical performance and mental state as potentially modifiable factors with an independent association with HRQoL are also important clinical considerations. When managing care for older adults, clinicians should provide care that will particularly treat physical function and mental health, since these issues affect the HRQoL of their patients. This could include planning a joint treatment with other healthcare professionals.



The strengths of our study are its meticulous protocol with a large and heterogeneous sample of respondents from different European countries and Israel. The combined use of subjective and classification-like scales reinforced analytical opportunities, as shown. It must be noted that the heterogeneous sample of older adults may also increase the variability of our outcome measures, specifically the objective measures of HRQoL. The prospective design allowed us to test the influence of physical and mental outcomes on change in HRQoL over time and to assess whether kidney function sub-stages affect HRQoL. The use of a physical performance examination such as the SPPB, which provides an objective measure of function, is also a strength of the study. However, the limitations of the current study must be noted. The main limitation of this study is the fact that our findings are based on a sample of older people who had a relatively high functional level and were in the early CKD stages, not allowing for a generalization of these conclusions to more frail older adults and ESRD patients. Second, the 713 participants who were excluded from the analysis due to incomplete information on the HRQoL may impact the results due to a selection bias. In a separate analysis, we found that the excluded older adults were older, more frequently widowed, had lower MMSE and lower SPPB at baseline, and had more frequently co-morbidities such as stroke, hypertension, diabetes, hip fractures, and depression than the 1748 individuals who were included in this study (see Supplementary Table S1). This might have affected our findings. However, it must be noted that the eGFR, depression, physical function, and handgrip strength over a two-year follow-up period, which were the main outcome parameters in the present study, were not different between groups. Finally, this observational study cannot resolve the difficulty of all hidden bias and confounding factors, despite the adjustments. Despite all these issues, longitudinal observational studies are useful for evaluating epidemiological associations and enable us to analyze the relationship between HRQoL and renal, physical, and mental outcomes through statistical techniques.




5. Conclusions


The findings of our study suggest that among older adults aged 75 years and older, HRQoL decline was not related to kidney function decline in the early stages of CKD. However, physical function and depressive symptoms, separately, have a low yet significant impact on HRQoL among older adults. This is an important message to clinicians and policymakers that a change in HRQoL should be taken into account to evaluate health interventions in this age group. Whether HRQoL change should be used for an evaluation depends strongly on the aims of the intervention and the characteristics of the participants. Due to the nature of this observational study, a careful interpretation of the findings as well as further research are needed. These studies are required to test whether the implementation of physical and psychological interventions in the early stages of CKD influences clinical outcomes, specifically HRQoL, among older adults.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm12123959/s1, Supplementary Table S1.





Author Contributions


R.A.-M. and I.M.: participated in study protocol design, data collection, leading statistical analysis, manuscript drafting, and revision. F.L.: conceived the study, coordinated study protocol and data collection, and participated in statistical analysis and manuscript revision. M.D.R.: participated in statistical analysis and manuscript revision. R.K., A.C., I.Y., R.E.R.-W., G.H.W., F.U.S.M.-R., L.T., P.G.G., F.F., R.M.-G., T.K., A.G., J.Ä., A.C.C. and E.F.: participated in the study protocol and data collection and in manuscript revision. All authors have read and agreed to the published version of the manuscript.




Funding


The work reported in this publication was supported by the European Union Horizon 2020 program, under the Grant Agreement no. 634869, following a peer review process.




Institutional Review Board Statement


The study protocol was approved by ethics committees at all participating institutions and complies with the Declaration of Helsinki and Good Clinical Practice Guidelines. Only baseline data are used in the present study. Ethics approvals have been obtained by the ethics committees in participating institutions as follows:




	
Italian National Research Center on Aging (INRCA), Italy, #2015 0522 IN, 17 January 2016.



	
University of Lodz, Poland, #RNN/314/15/KE, 17 November 2015.



	
Medizinische Universität Graz, Austria, #28–314 ex 15/16, 5 August 2016.



	
Erasmus Medical Center Rotterdam, The Netherland, #MEC-2016-036—#NL56039.078.15, v.4, 7 March 2016.



	
Hospital Clínico San Carlos, Madrid, Spain, # 15/532-E_BC, 16 September 2016.



	
Bellvitge University Hospital Barcellona, Spain, #PR204/15, 29 January 2016.



	
Friedrich-Alexander University Erlangen-Nürnberg, Germany, #340_15B, 21 January 2016.



	
Helsinki committee in Maccabi Healthcare Services, Bait Ba-lev, Bat Yam, Israel, #45/2016, 24 July 2016.









Informed Consent Statement


Patients were asked to sign a written informed consent before entering the study.




Data Availability Statement


Data will be available for SCOPE researchers through the project website (www.scopeproject.eu) accessed on 25 February 2016.




Acknowledgments


The authors thank the volunteers who participated in this study. SCOPE study investigators, Coordinating Center: Fabrizia Lattanzio, Italian National Research Center on Aging (INRCA), Ancona, Italy–Principal Investigator. Andrea Corsonello, Silvia Bustacchini, Silvia Bolognini, Paola D’Ascoli, Raffaella Moresi, Giuseppina Di Stefano, Cinzia Giammarchi, Anna Rita Bonfigli, Roberta Galeazzi, Federica Lenci, Stefano Della Bella, Enrico Bordoni, Mauro Provinciali, Robertina Giacconi, Cinzia Giuli, Demetrio Postacchini, Sabrina Garasto, Annalisa Cozza–Italian National Research Center on Aging (INRCA), Ancona, Fermo and Cosenza, Italy—coordinating staff. Romano Firmani, Moreno Nacciariti, Mirko Di Rosa, Paolo Fabbietti—technical and statistical support; participating centers: Department of Internal Medicine, Medical University of Graz, Austria: Gerhard Hubert Wirnsberger, Regina Elisabeth Roller-Wirnsberger, Carolin Herzog, Sonja Lindner; Section of Geriatric Medicine, Department of Internal Medicine, Erasmus MC, University Medical Center Rotterdam, The Netherlands: Francesco Mattace-Raso, Lisanne Tap, Gijsbertus Ziere, Jeannette Goudzwaard, Harmke Polinder-Bos; Department of Geriatrics, Healthy Ageing Research Centre, Medical University of Lodz, Poland: Tomasz Kostka, Agnieszka Guligowska, Łukasz Kroc, Bartłomiej K Sołtysik, Małgorzata Pigłowska, Agnieszka Wójcik, Zuzanna Chrza˛stek, Natalia Sosowska, Anna Tela˛z˙ka, Joanna Kostka, Elizaveta Fife, Katarzyna Smyj, Kinga Zel; The Recanati School for Community Health Professions at the Faculty of Health Sciences at Ben-Gurion University of the Negev, Israel: Rada Artzi-Medvedik, Yehudit Melzer, Mark Clarfield, Itshak Melzer; Maccabi Healthcare Services southern region, Israel: Rada Artzi-Medvedik, Ilan Yehoshua, Yehudit Melzer; Geriatric Unit, Internal Medicine Department and Nephrology Department, Hospital Universitari de Bellvitge, Institut d’Investigació Biomèdica de Bellvitge-IDIBELL, L’Hospitalet de Llobregat, Barcelona, Spain: Francesc Formiga, Rafael Moreno-González, Xavier Corbella, Yurema Martínez, Carolina Polo, Josep Maria Cruzado; Department of Geriatric Medicine, Hospital Clínico San Carlos, Madrid: Pedro Gil Gregorio, Sara Laínez Martínez, Mónica González Alonso, Jose A. Herrero Calvo, Fernando Tornero Molina, Lara Guardado Fuentes, Pamela Carrillo García, María Mombiedro Pérez; Department of General Internal Medicine and Geriatrics, Krankenhaus Barmherzige Brüder Regensburg and Institute for Biomedicine of Aging, Friedrich-Alexander-Universität Erlangen-Nürnberg, Germany: Alexandra Renz, Susanne Muck, Stephan Theobaldy, Andreas Bekmann, Revekka Kaltsa, Sabine Britting, Robert Kob, Christian Weingart, Ellen Freiberger, Cornel Sieber; Department of Medical Sciences, Uppsala University, Sweden: Johan Ärnlöv, Axel Carlsson, Tobias Feldreich.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analysis, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Kurella, M.; Chertow, G.M.; Fried, L.F.; Cummings, S.R.; Harris, T.; Simonsick, E.; Satterfield, S.; Ayonayon, H.; Yaffe, K. Chronic kidney disease and cognitive impairment in the elderly: The health, aging, and body composition study. J. Am. Soc. Nephrol. 2005, 16, 2127–2133. [Google Scholar] [CrossRef]

	



Lattanzio, F.; Corsonello, A.; Abbatecola, A.M.; Volpato, S.; Pedone, C.; Pranno, L.; Laino, I.; Garasto, S.; Corica, F.; Passarino, G.; et al. Relationship between renal function and physical performance in elderly hospitalized patients. Rejuvenation Res. 2012, 15, 545–552. [Google Scholar] [CrossRef]

	



Pedone, C.; Corsonello, A.; Bandinelli, S.; Pizzarelli, F.; Ferrucci, L.; Incalzi, R.A. Relationship between renal function and functional decline: Role of the estimating equation. J. Am. Med. Dir. Assoc. 2012, 13, e11–e14. [Google Scholar] [CrossRef] [PubMed]

	



Duenhas, M.R.; Draibe, S.A.; Avesani, C.M.; Sesso, R.; Cuppari, L. Influence of renal function on spontaneous dietary intake and on nutritional status of chronic renal insufficiency patients. Eur. J. Clin. Nutr. 2003, 57, 1473–1478. [Google Scholar] [CrossRef]

	



Foley, R.N.; Wang, C.; Ishani, A.; Collins, A.J.; Murray, A.M. Kidney function and sarcopenia in the United States general population: NHANES III. Am. J. Nephrol. 2007, 27, 279–286. [Google Scholar] [CrossRef]

	



Fried, L.F.; Lee, J.S.; Shlipak, M.; Chertow, G.M.; Green, C.; Ding, J.; Harris, T.; Newman, A.B. Chronic kidney disease and functional limitation in older people: Health, aging and body composition study. J. Am. Geriatr. Soc. 2006, 54, 750–756. [Google Scholar] [CrossRef]

	



Roshanravan, B.; Khatri, M.; Robinson-Cohen, C.; Levin, G.; Patel, K.V.; de Boer, I.H.; Seliger, S.; Ruzinski, J.; Himmelfarb, J.; Kestenbaum, B. A prospective study of frailty in nephrology-referred patients with CKD. Am. J. Kidney Dis. 2012, 60, 912–921. [Google Scholar] [CrossRef] [PubMed]

	



Arora, P.; Vasa, P.; Brenner, D.; Iglar, K.; McFarlane, P.; Morrison, H.; Badawi, A. Prevalence estimates of chronic kidney disease in Canada: Results of a nationally representative survey. CMAJ 2013, 185, E417–E423. [Google Scholar] [CrossRef] [PubMed]

	



Oh, T.R.; Choi, H.S.; Kim, C.S.; Bae, E.H.; Oh, Y.K.; Kim, Y.-S.; Choi, K.H.; Kim, S.W.; Ma, S.K. Association between health related quality of life and progression of chronic kidney disease. Sci. Rep. 2019, 9, 19595. [Google Scholar] [CrossRef]

	



Chadban, S.J.; Briganti, E.M.; Kerr, P.G.; Dunstan, D.W.; Welborn, T.A.; Zimmet, P.Z.; Atkins, R.C. Prevalence of kidney damage in Australian adults: The AusDiab kidney study. J. Am. Soc. Nephrol. 2003, 7, S131–S138. [Google Scholar] [CrossRef]

	



Hunsicker, L.G. The consequences and costs of chronic kidney disease before ESRD. J. Am. Soc. Nephrol. 2004, 15, 1363–1364. [Google Scholar] [CrossRef]

	



Kim, S.H.; Jo, M.W.; Go, D.S.; Ryu, D.R.; Park, J. Economic burden of chronic kidney disease in Korea using national sample cohort. J. Nephrol. 2017, 30, 787–793. [Google Scholar] [CrossRef]

	



Artzi-Medvedik, R.; Kob, R.; Fabbietti, P.; Lattanzio, F.; Corsonello, A.; Melzer, Y.; Roller-Wirnsberger, R.; Wirnsberger, G.; Mattace-Raso, F.; Tap, L.; et al. SCOPE investigators. Impaired kidney function is associated with lower quality of life among community-dwelling older adults: The screening for CKD among older people across Europe (SCOPE) study. BMC Geriatr. 2020, 20, 340. [Google Scholar] [CrossRef]

	



National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease: Evaluation, classification, and stratification. Am. J. Kidney Dis 2002, 39, S1–S266. [Google Scholar]

	



Centers of Disease Control and Prevention. Health-Related Quality of Life (HRQoL). Available online: https://www.cdc.gov/hrqol/index.htm#:~:text=Related%20Pages,and%20mental%20health%20over%20time (accessed on 14 December 2022).

	



Kalantar-Zadeh, K.; Kopple, J.D.; Block, G.; Humphreys, M.H. Association among SF36 quality of life measures and nutrition, hospitalization, and mortality in hemodialysis. J. Am. Soc. Nephrol. 2001, 12, 2797–2806. [Google Scholar] [CrossRef] [PubMed]

	



Lopes, A.A.; Bragg-Gresham, J.L.; Satayathum, S.; McCullough, K.; Pifer, T.; Goodkin, D.A.; Mapes, D.L.; Young, E.W.; Wolfe, R.A.; Held, P.J.; et al. Worldwide Dialysis Outcomes and Practice Patterns Study Committee. Health-related quality of life and associated outcomes among hemodialysis patients of different ethnicities in the United States: The Dialysis Outcomes and Practice Patterns Study (DOPPS). Am. J. Kidney Dis. 2003, 41, 605–615. [Google Scholar] [CrossRef]

	



Perl, J.; Karaboyas, A.; Morgenstern, H.; Sen, A.; Rayner, H.C.; Vanholder, R.C.; Combe, C.; Hasegawa, T.; Finkelstein, F.O.; Lopes, A.A.; et al. Association between changes in quality of life and mortality in hemodialysis patients: Results from the DOPPS. Nephrol. Dial. Transplant. 2017, 32, 521–527. [Google Scholar] [CrossRef] [PubMed]

	



Picariello, F.; Moss-Morris, R.; Macdougall, I.C.; Chilcot, A.J. The role of psychological factors in fatigue among end-stage kidney disease patients: A critical review. Clin. Kidney J. 2017, 10, 79–88. [Google Scholar] [CrossRef]

	



Ju, A.; Unruh, M.L.; Davison, S.N.; Dapueto, J.; Dew, M.A.; Fluck, R.; Germain, M.; Jassal, S.V.; Obrador, G.; O’donoghue, D.; et al. Patient-reported outcome measures for fatigue in patients on hemodialysis: A systematic review. Am. J. Kidney Dis. 2018, 71, 327–343. [Google Scholar] [CrossRef]

	



Perlman, R.L.; Finkelstein, F.O.; Liu, L.; Roys, E.; Kiser, M.; Eisele, G.; Burrows-Hudson, S.; Messana, J.M.; Levin, N.; Rajagopalan, S.; et al. Quality of life in chronic kidney disease (CKD): A cross-sectional analysis in the Renal Research Institute-CKD study. Am. J. Kidney Dis. 2005, 45, 658–666. [Google Scholar] [CrossRef]

	



Kalender, B.; Ozdemir, A.C.; Dervisoglu, E.; Ozdemir, O. Quality of life in chronic kidney disease: Effects of treatment modality, depression, malnutrition and inflammation. Int. J. Clin. Pract. 2007, 61, 569–576. [Google Scholar] [CrossRef]

	



Rosansky, S.J. Renal function trajectory is more important than chronic kidney disease stage for managing patients with chronic kidney disease. Am. J. Nephrol. 2012, 36, 1–10. [Google Scholar] [CrossRef] [PubMed]

	



Yapa, H.E.; Purtell, L.; Chambers, S.; Bonner, A. The relationship between chronic kidney disease, symptoms and health-related quality of life: A systematic review. J. Ren. Care 2020, 46, 74–84. [Google Scholar] [CrossRef]

	



Fukuhara, S.; Yamazaki, S.; Marumo, F.; Akiba, T.; Akizawa, T.; Fujimi, S.; Haruki, S.; Kawaguchi, Y.; Nihei, H.; Shoji, T.; et al. Health-related quality of life of predialysis patients with chronic renal failure. Nephron. Clin. Pract. 2007, 105, c1–c8. [Google Scholar] [CrossRef]

	



Porter, A.; Fischer, M.J.; Wang, X.; Brooks, D.; Bruce, M.; Charleston, J.; Cleveland, W.H.; Dowie, D.; Faulkner, M.; Gassman, J.; et al. AASK Study Group. Quality of life and outcomes in African Americans with CKD. J. Am. Soc. Nephrol. 2014, 25, 1849–1855. [Google Scholar] [CrossRef]

	



Porter, A.C.; Lash, J.P.; Xie, D.; Pan, Q.; DeLuca, J.; Kanthety, R.; Kusek, J.W.; Lora, C.M.; Nessel, L.; Ricardo, A.C.; et al. CRIC Study Investigators. Predictors and outcomes of health-related quality of life in adults with CKD. Clin. J. Am. Soc. Nephrol. 2016, 11, 1154–1162. [Google Scholar] [CrossRef]

	



Tsai, Y.-C.; Hung, C.-C.; Hwang, S.-J.; Wang, S.-L.; Hsiao, S.-M.; Lin, M.-Y.; Kung, L.-F.; Hsiao, P.-N.; Chen, H.-C. Quality of life predicts risks of end-stage renal disease and mortality in patients with chronic kidney disease. Nephrol. Dial. Transplant. 2010, 25, 1621–1626. [Google Scholar] [CrossRef] [PubMed]

	



Corsonello, A.; on behalf of SCOPE investigators; Tap, L.; Roller-Wirnsberger, R.; Wirnsberger, G.; Zoccali, C.; Kostka, T.; Guligowska, A.; Mattace-Raso, F.; Gil, P.; et al. SCOPE investigators. Design and methodology of the screening for CKD among older patients across Europe (SCOPE) study: A multicenter cohort observational study. BMC Nephrol. 2018, 19, 260. [Google Scholar] [CrossRef]

	



Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 1975, 12, 189–198. [Google Scholar] [CrossRef] [PubMed]

	



Rosenberg, M.T.; Staskin, D.R.; Kaplan, S.A.; MacDiarmid, S.A.; Newman, D.K.; Ohl, D.A. A practical guide to the evaluation and treatment of male lower urinary tract symptoms in the primary care setting. Int. J. Clin. Pract. 2007, 61, 1535–1546. [Google Scholar] [CrossRef]

	



Conwell, Y.; Forbes, N.T.; Cox, C.; Caine, E.D. Validation of a measure of physical illness burden at autopsy: The Cumulative Illness Rating Scale. J. Am. Geriatr. Soc. 1993, 41, 38–41. [Google Scholar] [CrossRef] [PubMed]

	



Lesher, E.L.; Berryhill, J.S. Validation of the Geriatric Depression Scale--Short Form among inpatients. J. Clin. Psychol. 1994, 50, 256–260. [Google Scholar] [CrossRef]

	



Guralnik, J.M.; Simonsick, E.M.; Ferrucci, L.; Glynn, R.J.; Berkman, L.F.; Blazer, D.G.; Scherr, P.A.; Wallace, R.B. A short physical performance battery assessing lower extremity function: Association with self-reported disability and prediction of mortality and nursing home admission. J. Gerontol. 1994, 49, M85–M94. [Google Scholar] [CrossRef] [PubMed]

	



Roberts, H.C.; Denison, H.J.; Martin, H.J.; Patel, H.P.; Syddall, H.; Cooper, C.; Sayer, A.A. A review of the measurement of grip strength in clinical and epidemiological studies: Towards a standardised approach. Age Ageing 2011, 40, 423–429. [Google Scholar] [CrossRef]

	



EuroQol Research Foundation. EQ-5D-5L User Guide. 2019. Available online: https://euroqol.org/publications/user-guides (accessed on 14 December 2022).

	



Schaeffner, E.S.; Ebert, N.; Delanaye, P.; Frei, U.; Gaedeke, J.; Jakob, O.; Kuhlmann, M.K.; Schuchardt, M.; Tölle, M.; Ziebig, R.; et al. Two novel equations to estimate kidney function in persons aged 70 years or older. Ann. Intern. Med. 2012, 157, 471–481. [Google Scholar] [CrossRef]

	



Shardlow, A.; McIntyre, N.J.; Fluck, R.J.; McIntyre, C.W.; Taal, M.W. Chronic kidney disease in primary care: Outcomes after five years in a prospective cohort study. PLoS Med. 2016, 13, e1002128. [Google Scholar] [CrossRef]

	



Wyld, M.; Morton, R.L.; Hayen, A.; Howard, K.; Webster, A.C. A systematic review and meta-analysis of utility-based quality of life in chronic kidney disease treatments. PLoS Med. 2012, 9, e1001307. [Google Scholar] [CrossRef]

	



Krishnan, A.; Teixeira-Pinto, A.; Lim, W.H.; Howard, K.; Chapman, J.R.; Castells, A.; Roger, S.D.; Bourke, M.J.; Macaskill, P.; Williams, G.; et al. Health-related quality of life in people across the spectrum of CKD. Kidney Int. Rep. 2020, 5, 2264–2274. [Google Scholar] [CrossRef]

	



Fraser, S.D.; Barker, J.; Roderick, P.J.; Yuen, H.M.; Shardlow, A.; E Morris, J.; McIntyre, N.J.; Fluck, R.J.; McIntyre, C.W.; Taal, M.W. Health-related quality of life, functional impairment and comorbidity in people with mild-to-moderate chronic kidney disease: A cross-sectional study. BMJ Open 2020, 10, e040286. [Google Scholar] [CrossRef] [PubMed]

	



National Institute for Health and Care Excellence (NICE). Multimorbidity: Clinical Assessment and Management (NG56). 2016. Available online: https://www.nice.org.uk/guidance/ng56 (accessed on 16 December 2022).

	



World Health Organization. World Health Assembly, 69. Multisectoral Action for a Life Course Approach to Healthy Ageing: Draft Global Strategy and Plan of Action on Ageing and Health: Report by the Secretariat. 2016. Available online: https://apps.who.int/iris/handle/10665/252671 (accessed on 16 December 2022).








[image: Jcm 12 03959 g001 550] 





Figure 1. Flowchart on in- and exclusion of individuals within the current analysis. 
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Figure 2. Scatterplot and linear fitted values of the difference in the EQ-VAS score from T0 to T2 (Δ EQ-VAS) and (A) Δ eGFR; (B) Δ GDS; (C) Δ SPPB scores; and (D) Δ SPPB balance scores, i.e., the difference from T0 to T2. 
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Table 1. Sociodemographic, clinical, physical, and emotional characteristics at baseline and their change over a two-year follow-up period (i.e., Δ) of: (1) older adults with no EQ-VAS decline and (2) older adults with EQ-VAS decline.
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	Total
	No EQ-VAS Decline
	EQ-VAS Decline
	p-Value





	
	N = 1748
	N = 1029
	N = 719
	



	Baseline Assessment
	
	
	
	



	Sex, female n(%)
	969(55.4%)
	547(53.2%)
	422(58.7%)
	0.022



	Age, mean ± SD
	79.9 ± 3.9
	79.9 ± 3.9
	80.0 ± 3.9
	0.631



	Education (years), mean ± SD
	11.5 ± 4.9
	11.3 ± 5.0
	11.7 ± 4.9
	0.026



	Marital status, widow n(%)
	553(31.6%)
	312(30.3%)
	241(33.5%)
	0.157



	BMI, mean ± SD
	27.7 ± 4.3
	27.4 ± 4.2
	28.0 ± 4.4
	0.011



	MMSE, mean ± SD
	28.1 ± 2.5
	28.2 ± 2.5
	27.9 ± 2.6
	0.001



	Diabetes mellitus, n(%)
	398(22.8%)
	227(22.1%)
	171(23.8%)
	0.398



	Hypertension, n(%)
	1314(75.2%)
	770(74.8%)
	544(75.7%)
	0.692



	Stroke, n(%)
	94(5.4%)
	61(5.9%)
	33(4.6%)
	0.222



	Hip fracture, n(%)
	74(4.2%)
	50(4.9%)
	24(3.3%)
	0.120



	COPD, n(%)
	203(11.6%)
	110(10.7%)
	93(12.9%)
	0.149



	Osteoporosis, n(%)
	534(30.5%)
	317(30.8%)
	217(30.2%)
	0.780



	Parkinson’s disease, n(%)
	26(1.5%)
	16(1.6%)
	10(1.4%)
	0.780



	Anemia, n(%)
	296(16.9%)
	169(16.4%)
	127(17.7%)
	0.299



	LUTS, n(%)
	493(28.2%)
	273(26.5%)
	220(30.6%)
	0.116



	Falls history, n(%)
	521(29.8%)
	313(30.4%)
	208(28.9%)
	0.503



	CKD, n(%)
	1111(63.6%)
	664(64.5%)
	447(62.2%)
	0.154



	eGFR (mL/min/1.73 m2), mean ± SD
	54.6 ± 14.1
	54.6 ± 14.1
	54.7 ± 14.1
	0.605



	CIRS-G score, mean ± SD
	8.3 ± 4.5
	8.2 ± 4.5
	8.3 ± 4.4
	0.624



	5+ prescribed medications, n(%)
	1123(64.2%)
	631(61.3%)
	492(68.4%)
	0.004



	GDS-SF score, mean ± SD
	2.5 ± 2.6
	2.4 ± 2.7
	2.8 ± 2.4
	0.000



	EQ-5D, mean ± SD
	7.9 ± 3.0
	7.8 ± 3.1
	8.0 ± 2.8
	0.003



	EQ-VAS, mean ± SD
	72.0 ± 17.2
	70.3 ± 18.4
	74.5 ± 15.0
	0.000



	SPPB score, mean ± SD
	9.0 ± 2.8
	9.0 ± 2.8
	9.1 ± 2.6
	0.836



	Balance test, mean ± SD
	3.3 ± 1.1
	3.2 ± 1.1
	3.3 ± 1.0
	0.141



	Gait speed test, mean ± SD
	3.3 ± 1.0
	3.3 ± 1.0
	3.3 ± 0.9
	0.671



	Chair stand test, mean ± SD
	2.7 ± 1.2
	2.7 ± 1.2
	2.6 ± 1.2
	0.227



	Grip strength test, mean ± SD
	25.1 ± 10.1
	25.7 ± 10.2
	24.1 ± 9.7
	0.002



	After a two-year follow-up period
	
	
	
	



	CKD progression, n(%)
	284(16.3%)
	166(16.1%)
	118(16.4%)
	0.190



	Δ eGFR (mL/min/1.73 m2), mean ± SD
	−0.1 ± 18.2
	7.8 ± 14.4
	−11.4 ± 17.0
	0.360



	Δ GDS-SF score, mean ± SD
	−0.1 ± 2.5
	−0.2 ± 2.5
	+0.1 ± 2.4
	0.046



	Δ SPPB score, mean ± SD
	−0.6 ± 2.3
	−0.5 ± 2.2
	−0.8 ± 2.4
	0.075



	Δ Balance, mean ± SD
	−0.1 ± 1.2
	−0.1 ± 1.2
	−0.2 ± 1.2
	0.029



	Δ Gait speed, mean ± SD
	−0.2 ± 1.0
	−0.1 ± 0.9
	−0.3 ± 1.0
	0.034



	Δ Chair stand, mean ± SD
	−0.1 ± 1.1
	−0.1 ± 1.1
	−0.1 ± 1.2
	0.512



	Δ Grip strength, mean ± SD
	−1.1 ± 5.5
	−1.0 ± 4.9
	−1.2 ± 6.2
	0.837







Abbreviations: EQ-VAS, Euro-Quality of Life Visual Analog Scale; BMI, body mass index; MMSE, Mini-Mental State Examination; COPD, chronic obstructive pulmonary disease; LUTS, lower urinary tract symptoms; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; CIRS-G, Cumulative Illness Rating Scale for Geriatrics; GDS-SF, Geriatric Depression Scale-Short Form; EQ-5D, Euro-Quality of Life 5 Dimensions; SPPB, short physical performance battery. Note: Negative value of Δ eGFR, Δ SPPB, Δ balance, and/or Δ gait indicates a progression of CKD and physical performance, respectively, and a positive value of Δ GDS-SF indicates a progression in self-reported depressive symptoms.
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Table 2. Determinants of EQ-VAS decline, OR (95%CI).






Table 2. Determinants of EQ-VAS decline, OR (95%CI).





	Independent

Variable
	Δ eGFR
	Δ GDS-SF
	Δ SPPB

Total Score
	Δ SPPB Balance
	Δ SPPB Gait
	Δ Sit to Stand
	Δ Hand Grip





	Model 1. Only independent variable
	1.01

(0.99–1.02)
	1.06

(1.02–1.10)
	0.95

(0.91–0.99)
	0.92

(0.85–0.99)
	0.89

(0.81–0.99)
	1.03

(0.93–1.13)
	0.99

(0.97–1.01)



	Model 2. Model 1 adjusted for age and sex
	1.01

(0.99–1.02)
	1.06

(1.02–1.11)
	0.94

(0.91–0.99)
	0.92

(0.85–0.99)
	0.89

(0.80–0.98)
	1.02

(0.92–1.12)
	0.99

(0.97–1.01)



	Model 3. Model 2 adjusted for educational level, EQ-VAS at baseline, MMSE at baseline, BMI at baseline, GDS-SF at baseline, grip strength at baseline, more than five prescribed medications at baseline
	1.01

(0.99–1.02)
	1.14

(1.09–1.20)
	0.95

(0.91–0.99)
	0.92

(0.84–1.00)
	0.88

(0.78–0.98)
	1.03

(0.93–1.14)
	0.98

(0.96–1.01)







Abbreviations: EQ-VAS, Euro-Quality of Life Visual Analog Scale; OR, odds ratio; BMI, body mass index; MMSE, Mini-Mental State Examination; eGFR, estimated glomerular filtration rate; GDS-SF, Geriatric Depression Scale-Short Form; SPPB, short physical performance battery.
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