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Background: We investigated factors associated with the selection of a dialysis modality for elderly patients compared to younger patients.

Methods: This study included 2,514 incident dialysis patients from a Korean multicenter prospective cohort. Multivariate logistic regression analyses were performed with demographic, socioeconomic, and clinical data to analyze factors associated with the chosen dialysis modality. Differences in these factors were compared between the elderly (≥65 years) and younger (<65 years) patients.

Results: Of the enrolled patients, 1,746 (69.5%) and 768 (30.6%) selected hemodialysis (HD) and peritoneal dialysis (PD), respectively. The percentage of PD was higher in younger patients than in elderly patients (37.1 vs. 16.9%, p < 0.001). Multivariate analysis showed that planned dialysis (p < 0.001), employment status (p < 0.001), and independent economic status (p = 0.048) were independent factors for selecting PD, whereas peripheral vascular disease (p = 0.038) and tumor (p = 0.010) were factors for selecting HD in the younger group. In the elderly group, planned dialysis (p < 0.001) and congestive heart failure (CHF; p = 0.002) were associated with choosing PD; however, tumor (p = 0.006) was associated with choosing HD. A two-way ANOVA showed that planned dialysis and CHF showed a significant interaction effect with age on modality selection.

Conclusions: As the age of patients with chronic kidney disease increased, HD was more frequently selected compared to PD. Dialysis planning and CHF interacted with age in selecting dialysis modalities in elderly patients. Elderly patients were less affected by socioeconomic status than younger patients.
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INTRODUCTION

The choice of hemodialysis (HD) or peritoneal dialysis (PD) varies considerably among countries. Usually, HD is more prevalent than PD worldwide (1, 2). However, some countries have adopted PD-first policies for patients with various backgrounds and they have a much higher percentage of PD patients (3–5). This suggests that the choice of dialysis modality is associated not only with the medical condition, but also with socioeconomic factors, such as financial reimbursement or the pre-dialysis healthcare system (6, 7).

Among the many factors associated with modality selection, age exerts a strong influence on the choice of dialysis modality. Elderly patients are more prone to start with HD rather than PD compared to younger patients (1, 8). Elderly dialysis patients had a higher number of comorbidities as well as inadequate cognition and financial difficulties (9). However, most nephrologists do not consider old age as a contraindication for PD (10) and several studies failed to draw a consistent conclusion on the reasons for a decline in PD utilization with elderly patients (11–14). Furthermore, considering the diverse distributions of elderly patients receiving PD, from 6.1 to 14.2% in various countries (15, 16), non-medical factors, such as government funding (17) or the pre-dialysis delivery/education system (18), might also affect the prevalence of choosing PD. Nevertheless, there has been no study that reported factors associated with the selection of PD for elderly patients with chronic kidney disease (CKD).

With this background, we hypothesized different factors are associated with the selection of dialysis modality in elderly patients compared to younger patients. In addition, we analyzed whether the factors had any interaction with aging and aimed to identify modifiable factors related to the selection of dialysis modality.



MATERIALS AND METHODS


Study Design and Participants

This study was performed using data from a Korean multicenter prospective cohort from August 2008 to July 2015 (The Clinical Research Center for End Stage Renal Disease [CRC for ESRD], clinicaltrial.gov NCT00931970). A total of 2,514 incident dialysis patients were enrolled from 31 dialysis centers located throughout the country. The inclusion criteria were: at least 19 years old and initiation of dialysis treatment during the study period and maintained for at least 3 months.



Ethics Statement

All patients provided their written informed consent and the study protocol was approved by the Institutional Review Board of each center [i.e., The Catholic University of Korea, Bucheon St. Mary's Hospital; The Catholic University of Korea, Incheon St. Mary's Hospital; The Catholic University of Korea, Seoul St. Mary's Hospital; The Catholic University of Korea, St. Mary's Hospital; The Catholic University of Korea, St. Vincent's Hospital; The Catholic University of Korea, Uijeongbu St. Mary's Hospital; Cheju Halla General Hospital; Chonbuk National University Hospital; Chonnam National University Hospital; Chung-Ang University Medical Center; Chungbuk National University Hospital; Chungnam National University Hospital; Dong-A University Medical Center; Ehwa Womens University Medical Center; Fatima Hospital, Daegu; Gachon University Gil Medical Center; Inje University Pusan Paik Hospital; Kyungpook National University Hospital (2011-01-041); Kwandong University College of Medicine, Myongji Hospital; National Health Insurance Corporation Ilsan Hospital; National Medical Center; Pusan National University Hospital; Samsung Medical Center, Seoul; Seoul Metropolitan Government, Seoul National University, Boramae Medical Center; Seoul National University Hospital; Seoul National University, Bundang Hospital; Yeungnam University Medical Center; Yonsei University, Severance Hospital; Yonsei University, Gangnam Severance Hospital; Ulsan University Hospital; and Wonju Christian Hospital (in alphabetical order)]. This study was performed in accordance to the 2013 Declaration of Helsinki. Written informed consent was obtained from all patients before inclusion.



Data Collection and Follow-Up

Demographic characteristics, referral, dialysis planning, socioeconomic situation, comorbidity diseases, blood pressure (BP), and laboratory data were recorded during study enrollment. Referral data included age at referral, sex, underlying cause of kidney disease, time from referral to dialysis, number of visits to a nephrologist, and laboratory data at referral. Planned dialysis was defined as initiation of dialysis therapy with permanent access (i.e., a PD catheter for PD or either an arteriovenous graft or a fistula for HD). The rest of dialysis initiation with a temporary or permanent catheter was considered as unplanned dialysis. Patients who underwent temporary HD due to worsening uremic symptoms during planning of PD were also classified into unplanned dialysis. Socioeconomic data included occupation, education status, medical insurance, marital status, ambulation status, degree of familial support, and smoking history. Patient ambulation status was classified into three groups as independent, partially dependent (walks with assistance and requires wheelchair), and dependent (including bed rest and immobility). Family support was the degree of support subjectively felt by the patient, and classified into three groups as none, partial support, and full support. Comorbid conditions consisted of chronic lung disease, coronary artery disease, peripheral vascular disease (PVD), cerebrovascular disease, diabetes mellitus, congestive heart failure (CHF), arrhythmia, connective tissue disease, peptic ulcer disease, sequelae of cerebrovascular disease, and tumor as well as the modified Charlson Comorbidity Index (mCCI). History of a tumor indicates the patient has previously been diagnosed any malignancy including leukemia and lymphoma (ICD-10 code: C00.x–C26.x, C30.x–C34.x, C37.x–C41.x, C43.x, C45.x–C58.x, C60.x–C85.x, C88.x, C90.x–C97.x). The laboratory data set included hemoglobin (Hb), serum albumin (Alb), and estimated glomerular filtration rate (eGFR). The eGFR was calculated using the Chronic Kidney Disease-Epidemiology Collaboration equation (19).



Statistical Analysis

Demographic, socioeconomic, clinical, and laboratory data were compared using Pearson's chi-square test or Fisher's exact test for categorical variables and Student's t-test for continuous variables. Continuous variables were described as the mean ± standard deviation, and categorical variables were expressed numerically as a percentage. Patients were divided into elderly (≥65 years) and younger (<65 years) groups based on age at dialysis initiation. Factors affecting the selection of a dialysis modality were analyzed for all patients and each group. Univariate and multivariate logistic regression analyses were used to calculate the odds ratio (OR) and 95% confidence interval (CI) for selecting PD as the dialysis modality. Statistically significant variables that showed P-values < 0.05 in the univariate analysis were included in a multivariate analysis. The interaction of age with other factors in modality selection was tested with a two-way ANOVA. The statistical analyses were performed using SAS for Windows, version 9.2 (SAS Institute Inc., Cary, NC), and P-values < 0.05 were considered statistically significant.




RESULTS


The Percentages of Dialysis Modalities by Age

The percentages of dialysis modalities are presented in Figure 1. Among the 2,514 enrolled patients, 1,746 (69.5%) and 768 (30.6%) selected HD and PD, respectively. The percentage of PD was higher in younger patients compared to elderly patients (37.1 vs. 16.9%, p < 0.001, Figure 1A). The percentage of PD was maintained at over 40% until the age of 55; thereafter it decreased gradually to 6.6% at the age over 80 (Figure 1B).


[image: Figure 1]
FIGURE 1. The proportion of dialysis modalities. (A) The proportion of dialysis modalities of younger and elderly groups. (B) The proportion of dialysis modalities by age group. HD, hemodialysis; PD, peritoneal dialysis; y, years.




Patient Characteristics and Factors Affecting Dialysis Modalities for all Patients

The patient characteristics for different dialysis modalities are summarized in Supplementary Table 1. At the time of referral, the mean age, underlying cause of kidney disease, mCCI, systolic BP, diastolic BP, and Hb showed a significant difference between HD and PD patients. At the initiation of dialysis, the percentage of planned dialysis, employment status, education status, ambulation status, and family support were significantly different between the two groups. PD patients had a lower prevalence of chronic lung disease, coronary artery disease, PVD, cerebrovascular disease, diabetes mellitus, arrhythmia, and history of a tumor than HD patients (all p < 0.05).


Table 1. Logistic regression analysis of factors associated with selecting peritoneal dialysis for all patients.
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The demographic, socioeconomic, and clinical factors for selecting PD as the dialysis modality are listed in Table 1. Multivariate analysis showed that planned dialysis (adjusted OR [aOR], 44.3; 95% CI, 26.9–72.9; p < 0.001) and employment status (aOR, 2.17; 95% CI, 1.57–2.99; p < 0.001) were associated with the selection of PD. On the contrary, old age at dialysis initiation (aOR, 0.93; 95% CI, 0.89–0.98; p = 0.004) and comorbidity of the history of a tumor (aOR, 0.28; 95% CI, 0.13–0.57; p < 0.001) were associated with the less choice of PD.



Characteristics and Factors Affecting Dialysis Modalities of Younger Patients

The characteristics of young patients were compared between HD and PD modalities (Table 2). Age at referral, the underlying cause of kidney disease, Alb levels at referral were significantly different between the two groups. At dialysis initiation, age, mCCI, Hb, planned dialysis, employment status, education status, ambulation status, family support, comorbidities, such as chronic lung disease, PVD, diabetes mellitus, CHF, and tumor, were also significantly different between the groups.


Table 2. Information at referral to nephrologist and dialysis initiation by dialysis modality in younger patients.
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The association of various factors with selection of PD is shown in Table 3. Planned dialysis (aOR, 45.0; 95% CI, 27.1–74.6; p < 0.001) and employment status (aOR, 2.27; 95% CI, 1.66–3.13; p < 0.001) were associated with selection of PD. However, full support from family (aOR, 0.57; 95% CI, 0.33–0.99; p = 0.048), PVD (aOR, 0.53; 95% CI, 0.29–0.97; p = 0.038), and tumor (aOR, 0.38; 95% CI, 0.18–0.80; p = 0.010) were associated with the less selection of PD in the younger group.


Table 3. Logistic regression analysis of factors associated with selecting peritoneal dialysis in younger patients.

[image: Table 3]



Characteristics and Factors Affecting Dialysis Modalities of Elderly Patients

The characteristics of elderly dialysis patients were also compared between HD and PD selections (Table 4). At the time of referral, age (HD vs. PD; 69.6 ± 6.3 vs. 67.9 ± 5.2 years, p = 0.001) was younger and Alb levels (3.6 ± 0.6 g/dL vs. 3.8 ± 0.8, p = 0.030) were higher in PD patients. At the time of dialysis initiation, age (72.2 ± 5.3 vs. 70.6 ± 4.5 years, p < 0.001), Hb (9.4 ± 1.6 vs. 9.9 ± 1.7 g/dL, p < 0.001), eGFR (8.5 ± 4.4 vs. 9.5 ± 4.3 mL/min/1.73 m2, p = 0.012), planned dialysis (35.4 vs. 97.8%, p < 0.001), employment status (7.0 vs. 13.8%, p = 0.011), marriage status (78.7 vs. 89.1%, p = 0.007), CHF (11.0 vs. 20.6%, p = 0.002), and tumor (9.6 vs. 0.7%, p < 0.001) were significantly different between elderly HD and PD patients.


Table 4. Information at referral to nephrologist and dialysis initiation by dialysis modality in elderly patients.
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Multivariate analysis to validate independent effects of various factors on modality selection showed that planned dialysis (aOR, 101.0; 95% CI, 29.9–341.5; p < 0.001) and CHF (aOR, 3.38; 95% CI, 1.55–7.35; p = 0.002) were independent factors for selecting PD. Prevalence of the history of a tumor (OR, 0.06; 95% CI, 0.01–0.43; p = 0.006) was associated with less selecting PD in the elderly group (Table 5).


Table 5. Logistic regression analysis of factors associated with selecting peritoneal dialysis in elderly patients.

[image: Table 5]



The Factor That Interacted With Age When Selecting a Dialysis Modality

We identified factors that interacted with age when selecting a dialysis modality. Figure 2 displays the interaction between age and the factors. Among the factors associated with dialysis selection in elderly patients, planned dialysis and CHF showed a significant interaction effect with age and modality selection (p < 0.001 and p = 0.003, respectively).


[image: Figure 2]
FIGURE 2. The interaction between age and other factors on selection of PD. (A) Age and planned dialysis. (B) Age and congestive heart failure. (C) Age and the history of a tumor. PD, peritoneal dialysis; CHF, congestive heart failure.





DISCUSSION

This prospective multicenter cohort study investigated the factors that determined choice of dialysis modality in patients with end-stage kidney disease (ESKD) and compared the differences between younger and elderly dialysis patients. HD was more frequently selected than PD as the patient ages increased. Younger and elderly patients revealed different independent factors affecting the selection of dialysis modality. Planned dialysis, employment status, and independent economic status were independent factors related to selecting PD, whereas PVD and tumor were factors related to selecting HD in the younger group. In the elderly group, planned dialysis and CHF were associated with choosing PD; however, the history of a tumor was associated with choosing HD. Among all the factors, planned dialysis and CHF interacted with age in selecting dialysis modalities in elderly patients.

Elderly patients are more prone to start with HD rather than PD compared to younger patients, resulting in PD as the modality choice for approximately 10% of dialysis patients 65 years of age and older (1, 2, 8, 16). Similar to other reports, our study showed 16.9% of PD utilization in elderly patients and a decrease in the percentage of PD was observed over the age of 55 years. Old age was often considered a cause of non-eligibility for PD (20, 21). Several studies have evaluated eligibility for each dialysis modality and reported higher eligibility for HD than PD (8, 22–24). However, over 65% of the patients were judged medically eligible for PD in the studies and the percentage could not explain low PD penetrance in the elderly patient group (25). Rather, the combined diseases and socioeconomic situation could make the choice of PD more difficult (10, 26). This suggests that age per se is not a contraindication for PD and there is need for analysis of factors determining dialysis modality choice in elderly patients.

PD has an advantage over HD in terms of home therapy, which might be more suitable for elderly patients (27). Many of the barriers related to age could be surmounted with appropriate education (24). From this point of view, one of the important aims in our study was to determine modifiable factors related to dialysis modality choice because the selection of dialysis modality was thought to deviate to HD, especially in elderly patients.

Previous studies have explored the specific factors that contribute to choose of a specific dialysis modality. Various factors, including medical condition, referral system, patient education, resource availability, and socioeconomic status, were associated with dialysis modality selection (28–31). Our study also showed that different aspects of factors affected the selection of dialysis modality; planned dialysis and employment status were associated with the selection of PD, whereas old age and the history of a tumor were associated with the selection of HD.

The association of factors affecting the choice of dialysis modality has not been studied in an elderly patient group. As mentioned above, old age is generally known as a factor favoring HD (1, 2). Nevertheless, some elderly patients still choose PD. Thus, it is necessary to analyze factors associated with selecting PD in elderly patients and compare various factors between young and elderly patients. In our study, young patients showed an association between the selection of dialysis modality with factors such as planned dialysis, socioeconomic factors (work status and family support), and comorbid diseases (PVD and tumor). In contrast, dialysis planning and specific comorbidities, such as CHF and tumor, were associated with the selection of a dialysis modality in elderly patients. In both young and elderly patients with a history of a tumor, PD was less chosen as dialysis modality, and it might be related to the tumor-related weakness and inability to self-care, and abdominal surgical history (32). Interestingly, traditional barriers to PD, such as employment and family finances (33), were not related to modality selection in elderly patients. It is not clear how these factors relate to age, however, our data revealed that most of the elderly patients were jobless (91.9%) and received family support (93.9%), suggesting that the influence of these factors may have decreased in the group.

Furthermore, we analyzed whether the factors related to the selection of a specific modality showed an interaction with age in the elderly patient group. As age increased, the patients with planned dialysis decreased more rapidly in patients who chose PD. With an increase in age, the patients with CHF showed less decrease in the selection of PD. However, the history of a tumor did not have any interaction with age and modality selection. Planned dialysis may be difficult for elderly patients because of multiple comorbidities and obstacles (27, 34). Some studies have even reported comparable mortality rates between dialysis and conservative management in elderly CKD patients (35–37). For these reasons, for patients who cannot prepare for dialysis in a timely manner, HD might be initiated with catheter insertion and then set as maintenance therapy. Considering CHF, PD can be considered as a preferred option for elderly patients with CHF, because HD has a risk of intradialytic hypotension and hemodynamic disturbance (27, 33).

Older patients who have no contraindication to either HD or PD should be carefully evaluated for barriers to each dialysis modality. Pre-dialysis education is an integral part of care for CKD patients before reaching ESKD. Multidisciplinary pre-dialysis education could make planning for dialysis easier for elderly patients and this may improve decision-making for PD (18, 38, 39). These educational programs can further reduce the mortality of patients with CKD (40).

This study has some limitations. First, eligibility for each dialysis modality was not surveyed. The factors related to the modality selection were analyzed retrospectively after selection occurred. Second, different dialysis support policies for each country should be considered because medical policy influences the choice of dialysis modality (5). Korea does not have a PD favored policy, and different results may be obtained in regions where the ‘PD first' education program is implemented. In addition, there was a possibility of center or attending physician effect on choice of dialysis modality. Third, the type of tumor and tumor-related treatment cannot be identified by our database, and the effect of abdominal operation on selection of PD cannot be elucidated. Nevertheless, the factors associated with the selection of modality and the interaction of age with planning for dialysis and CHF in elderly dialysis patients were first analyzed and reported in the present study.

In conclusion, as the age of CKD patients increased, HD was a more frequently selected modality than PD. Dialysis planning and specific comorbidities were associated with selecting a dialysis modality in elderly patients. Elderly patients were less affected by socioeconomic status such as employment status and family support than younger patients. Clinicians should consider both medical and non-medical factors when making individualized and tailored selections about dialysis modalities.
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