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Ultrafiltration Rate, Residual Kidney Function, and Survival 
Among Patients Treated With Reduced-Frequency Hemodialysis

Yu-Ji Lee, MD, PhD, Yusuke Okuda, MD, PhD, John Sy, MD, MAS, Yong Kyu Lee, MD, 
Yoshitsugu Obi, MD, PhD, Seong Cho, MD, PhD, Joline L.T. Chen, MD, MS, Anna Jin, MD, 
Connie M. Rhee, MD, MSc, Kamyar Kalantar-Zadeh, MD, MPH, PhD, Elani Streja, MPH, PhD
Harold Simmons Center for Kidney Disease Research and Epidemiology, Division of Nephrology 
& Hypertension, University of California Irvine Medical Center, Orange, CA (Y-JL, YOkuda, YKL, 
YObi, CMR, KK-Z, ES); Division of Nephrology, Department of Medicine, Samsung Changwon 
Hospital, Sungkyunkwan University School of Medicine, Changwon, Korea (Y-JL, SC); and 
Nephrology Section, VA Long Beach Healthcare System, Long Beach, CA (JS, JLTC, AJ).

Abstract

Rationale & Objective: Patients receiving twice-weekly or less-frequent hemodialysis (HD) 

may need to undergo higher ultrafiltration rates (UFRs) to maintain acceptable fluid balance. We 

hypothesized that higher UFRs are associated with faster decline in residual kidney function 

(RKF) and a higher rate of mortality.

Study Design: Retrospective cohort study.

Setting & Participants: 1,524 patients with kidney failure who initiated maintenance HD at a 

frequency of twice or less per week for at least 6 consecutive weeks at some time between 2007 

and 2011 and for whom baseline data for UFR and renal urea clearance were available.

Predictor: Average UFR during the first patient-quarter during less-frequent HD (<6, 6-<10, 10-

<13, and ≥13 mL/h/kg).

Outcome: Time to all-cause and cardiovascular death, slope of decline in RKF during the first 

year after initiation of less-frequent HD (with slopes above the median categorized as rapid 

decline).

Analytical Approach: Cox proportional hazards regression for time to death and logistic 

regression for the analysis of rapid decline in RKF.

Results: Among 1,524 patients, higher UFR was associated with higher all-cause mortality; HRs 

were 1.43 (95% CI, 1.09–1.88), 1.51 (95% CI, 1.08–2.10), and 1.76 (95% CI, 1.23–2.53) for UFR 

of 6 to <10, 10 to <13, and ≥13 mL/h/kg, respectively (reference: UFR < 6 mL/h/kg). Higher UFR 

Address for Correspondence: Elani Streja, MPH, PhD, Harold Simmons Center for Kidney Disease Research, Division of 
Nephrology and Hypertension, University of California Irvine, School of Medicine, 101 The City Dr S, City Tower, Ste 400, Orange, 
CA. estreja@uci.edu.
Authors’ Contributions: Research idea and study design: Y-JL, ES, KK-Z; data acquisition: ES, KK-Z; data analysis/interpretation: 
Y-JL, YOkuda, JS, YKL, YObi, SC, JC, AJ, CR, ES, KK-Z; supervision: ES, KKZ. Each author contributed important intellectual 
content during manuscript drafting or revision and agrees to be personally accountable for the individual’s own contributions and to 
ensure that questions pertaining to the accuracy or integrity of any portion of the work, even one in which the author was not directly 
involved, are appropriately investigated and resolved, including with documentation in the literature if appropriate.

HHS Public Access
Author manuscript
Am J Kidney Dis. Author manuscript; available in PMC 2021 March 01.

Published in final edited form as:
Am J Kidney Dis. 2020 March ; 75(3): 342–350. doi:10.1053/j.ajkd.2019.08.019.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was also associated with higher cardiovascular mortality. Baseline RKF modified the association 

between UFR and mortality; the association was attenuated among patients with renal urea 

clearance ≥ 5 mL/min/1.73 m2. Higher UFR had a graded association with rapid decline in RKF; 

ORs were 1.73 (95% CI, 1.18–2.55), 1.89 (95% CI, 1.12–3.17), and 2.75 (95% CI, 1.46–5.18) at 

UFRs of 6 to <10, 10 to <13, and ≥13 mL/h/kg, respectively (reference: UFR < 6 mL/h/kg).

Limitations: Residual confounding from unobserved differences across exposure categories.

Conclusions: Higher UFR was associated with worse outcomes, including shorter survival and 

more rapid loss of RKF, among patients receiving regular HD treatments at a frequency of twice or 

less per week.

Less-frequent hemodialysis (HD) schedules, such as twice-weekly HD, have not typically 

been implemented in the United States until recently.1 However, the potential benefits, 

including a more flexible treatment schedule, greater preservation of residual kidney 

function (RKF), better quality of life, reduced risks related to the dialysis procedure, and 

comparable survival rates compared with thrice-weekly HD, have motivated clinicians to 

revisit less-frequent HD regimens.2–4 Unfortunately, less-frequent HD may also be 

associated with higher interdialytic weight gain (IDWG). This is primarily due to higher 

ultrafiltration requirements attributable to a reduced dialysis frequency, even if these can be 

mitigated by substantial RKF and strict fluid restriction.5 Additionally, less-frequent HD 

may result in inadequate dialysis, and criteria have been recently proposed for identifying 

patients who may be more appropriate for less-frequent HD.3,6

Ultrafiltration rate (UFR) is a composite metric of IDWG, treatment time, and postdialysis 

weight, calculated with each dialysis treatment. High IDWG or short treatment times may 

necessitate higher UFRs.7 However, rapid fluid removal may potentially result in repetitive 

intradialytic hypotension (IDH) episodes, resulting in poor clinical outcomes.8 Several 

observational studies have shown that high UFR is associated with increased all-cause and 

cardiovascular (CV) mortality in conventional HD patients.9–13

Although the association between UFR and patient outcomes in thrice-weekly HD patients 

has been evaluated,10,11,13,14 the impact of UFR on both RKF and mortality remains 

uncertain among patients receiving less-frequent HD. Given that there has been growing 

interest in less-frequent HD schedules and greater prioritization of preservation of RKF,15 

evaluating the association between UFR and clinical outcomes in patients receiving less-

frequent HD may be helpful for management and improved prognostication. In this study, 

we evaluated the association between UFR and mortality as well as decline in RKF among 

patients receiving less-frequent HD regimens. We also assessed the impact of baseline RKF 

on the association of UFR and mortality in patients receiving less-frequent HD.

Methods

Study Populations

We performed a retrospective cohort study using a cohort of statistically deidentified adult 

(aged ≥18 years) patients with kidney failure receiving dialysis in facilities operated by a 

large dialysis organization at some time between January 2007 and December 2011. Patients 
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were included in our less-frequent HD cohort if they received HD with a constant treatment 

schedule of twice or less per week (eg, Tuesday/Saturday or Monday/Friday) for at least 6 

consecutive weeks. We excluded patients who did not have baseline data for UFR and renal 

urea clearance (KRU) at the initiation of less-frequent HD. Patients were followed up from 

less-frequent HD initiation and censored for death, loss to follow-up, transplantation, 

dialysis discontinuation, or end of the study period (December 31, 2011).

The study was approved by the Institutional Review Board of the University of California 

Irvine with a waiver of informed consent because the data contained only statistically 

deidentified information.

Demographic, Clinical, and Laboratory Measures

Information for age, sex, race/ethnicity, primary insurance, comorbid conditions, type of 

vascular access, date and cause of death, dialysis prescription, and laboratory variables were 

extracted from the data. Predialysis blood samples were processed using standardized 

methods at a central laboratory in Deland, FL, within 24 hours of collection. Repeated 

measurements of laboratory variables were averaged into patient quarterly means to 

minimize measurement variability. Patient-quarters were defined as 91-day periods starting 

from the date of less-frequent HD initiation. The first patient quarter is considered baseline. 

Laboratory values obtained after the patient ended less-frequent HD, but were within the 

first 91 days after less-frequent HD initiation, were not included in baseline averaged data.

Exposure and Clinical Outcomes

The exposure of interest was average UFR during the first less-frequent HD patient-quarter 

(ie, baseline UFR). For patients who received less-frequent HD for a period less than the 

entire first quarter, baseline UFR was calculated using only data for the period during which 

the patient received less-frequent HD. We divided baseline UFR into 4 exposure categories 

(<6, 6-<10, 10-<13, and ≥13 mL/h/kg).10,12,13 The UFR for each HD treatment was 

calculated as follows:

UFR (mL/h/kg) = (preHD weight  −  postHD weight) (kg)
 session duration (h) × postHD weight (kg) × 1, 000 (mL/kg)

Our primary outcomes of interest were all-cause mortality and CV mortality. CV mortality 

was defined as death due to myocardial infarction, pericarditis, atherosclerotic heart disease, 

cardiomyopathy, cardiac arrhythmia, cardiac arrest, valvular heart disease, congestive heart 

failure, pulmonary edema, pulmonary embolus, cerebrovascular accident, and mesenteric 

ischemia. Our secondary outcome of interest was the difference in RKF between initiation of 

less-frequent HD and 1 year after its initiation. RKF was defined with KRU using the 

formula below (where UN is urea nitrogen) adjusted for body surface area and expressed in 

mL/min/1.73 m2.16

KRU(mL/min) =  urinary UN (mg/dL) × urinary volume (mL)
 collected time (min) × [0.9 × serum UN (mg/dL)]
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Statistical Analysis

Baseline characteristics were obtained across UFR categories. Trends across categories were 

evaluated using a linear regression analysis or Wilcoxon-type nonparametric trend test. 

Differences in baseline characteristics between included and excluded patients were 

compared using standardized differences. Additionally, differences between baseline 

characteristics of patients who were started on less-frequent HD as their initial dialysis 

schedule and those who were switched from other dialysis modalities or frequencies to less-

frequent HD were also compared using standardized differences.

To assess the association between UFR and mortality, we used Cox proportional hazards 

regression models to estimate the association of the categorized UFR with mortality using 

UFR category < 6 mL/h/kg as our referent group. In the analysis of CV death, patients who 

died of non-CV causes were censored at the time of non-CV death. Three levels of 

adjustment were used (an unadjusted model that included only UFR; a case-mix–adjusted 

model that additionally included age, sex, race [white, African American, or others], primary 

insurance [Medicare, Medicaid, or others], comorbid conditions [diabetes, hypertension, 

congestive heart failure, and CV disease], vascular access [arteriovenous fistula, 

arteriovenous graft, central venous catheter, or others], and dialysis vintage [from transition 

to dialysis until the start of less-frequent HD]; and a fully adjusted model that included all 

covariates in the case-mix–adjusted model plus baseline RKF, body mass index, white blood 

cell count, hemoglobin level, serum albumin level, phosphorus level, single-pool Kt/Vurea 

[spKt/V, the urea clearance multiplied by dialysis time and normalized for urea distribution 

volume], and normalized protein catabolic rate [nPCR]). nPCR was calculated accounting 

for the contribution of RKF.17,18 A restricted cubic spline model with 4 knots was used for 

evaluating the association of the outcome with UFR as a continuous variable. Effect 

modification by baseline RKF was evaluated by adding an interaction term with UFR into 

regression models using UFR category < 6 mL/h/kg as reference, followed by subgroup 

analysis according to baseline RKF (KRU >5 or ≥5 mL/min/1.73 m2). We also performed 

subgroup analysis to assess the association of UFR with outcomes in patients with different 

baseline urine volumes (≥1.0 vs <1.0 L), and according to whether they started on or 

switched to less frequent HD. For sensitivity analysis, we additionally adjusted for 

ultrafiltration volume and weekly percentage IDWG separately. Moreover, we also 

performed the main outcome analysis among the excluded patients with missing data for 

baseline KRU.

We estimated 1-year KRU slope in patients with at least 1 average KRU data point measured 

between patient-quarters 2 and 5 besides baseline KRU by a linear mixed-effects model 

allowing for a random intercept and slope using an unstructured covariance matrix. We 

defined patients with a rapid decline in RKF as patients having a KRU slope greater than the 

median for our cohort. We hypothesized that the association between UFR and a rapid 

decline in RKF may be related to IDH. We defined IDH as HD sessions with absolute nadir 

systolic blood pressure (SBP) < 90 mm Hg per HD session.19 We then evaluated the 

association of UFR with a rapid decline in RKF using logistic regression models with 3 

levels of adjustment: unadjusted, case-mix–adjusted, and expanded case-mix–adjusted (case 

mix + baseline RKF + IDH + nPCR). We additionally adjusted for the interval between 
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KRU measurements in all hierarchical models to minimize potential bias. The proportion of 

sessions complicated by IDH was compared using a χ2 test between patients with and 

without rapid decline in RKF.

Missing baseline covariates included white blood cell count, serum albumin level, spKt/V, 

and nPCR. The frequency of missing data was <1% for all variables except for spKt/V 

(20.5%). We performed multiple imputation methods using sequential generalized 

regression (known as chained equations). The imputation model included all variables of the 

fully adjusted model and an outcome variable using 20 imputed data sets. Rubin’s 

combination rules were used to form one set of results.20 All analyses were carried out using 

STATA, version 13.1 (StataCorp LP).

Results

Patient Characteristics

Data from 162,849 patients were extracted from a statistically deidentified data set for 

analysis and 4,629 patients who had ever received less-frequent HD were included in our 

cohort. Among these, 448 of 4,629 were initiated on less-frequent HD; 4,181 switched from 

other dialysis modalities or more frequent HD (4,175 patients switched from thrice-weekly 

HD and their median dialysis vintage was 182 [interquartile range, 91–392] days). Median 

durations of less-frequent HD were 82 (IQR, 61–146) and 76 (IQR, 55–132) in the incident 

and switched groups, respectively.

After excluding individuals without data for baseline UFR or baseline RKF, 1,524 patients 

were available for analysis. Flow diagrams summarize cohort construction (Fig S1A) and 

show initiation of less-frequent HD, assessment of baseline UFR, and duration of follow-up 

(Fig S1B). Compared with the 3,105 excluded patients receiving less-frequent HD, the 1,524 

patients included in our analytical cohort were more likely to be white and had shorter 

dialysis vintage and lower spKt/V. However, there were no significant differences in most 

baseline characteristics between groups (Table S1).

Baseline characteristics of the patients across baseline UFR strata are shown in Table 1. Our 

cohort consisted of individuals whose mean age was 67 ± 14 (standard deviation) years, 56% 

of whom were men, and who had a mean UFR of 7.3 ± 4.8 mL/h/kg and median dialysis 

vintage of 119 days. Patients with higher baseline UFRs were less likely to be white and 

more likely to have diabetes and congestive heart failure. They also tended to have lower 

body mass index, lower serum albumin level, lower hemoglobin level, higher serum 

phosphorus level, and higher nPCR. Higher UFR groups also tended to have lower baseline 

RKF and urine volume. The trajectory of UFR over time showed a consistent separation 

across baseline UFR categories (Fig S2).

Incident HD patients who started on less-frequent schedules had a lower prevalence of 

congestive heart failure and lower hemoglobin level, serum albumin level, baseline RKF, and 

spKt/V compared with patients who switched from more frequent HD or other dialysis 

modalities (Table S2).
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Association Between UFR and Mortality

Among patients on less-frequent HD, median follow-up was 1.0 (IQR, 0.5–1.9) years. 

During this period, we identified 329 (16.1 per 100 patient-years) all-cause deaths and 117 

(5.7 per 100 patient-years) CV deaths. Our Cox regression analyses showed that baseline 

UFR had a graded association with both all-cause and CV mortality even after adjusting for 

confounders (Table 2).

In subgroup analyses, baseline RKF was observed to be a potential effect modifier of the 

association of baseline UFR with all-cause mortality (P-interaction = 0.005). In individuals 

with higher RKF at baseline (KRU ≥ 5 mL/min/1.73 m2), the association between higher 

UFR and increased mortality was attenuated (Fig 1A and B) compared with individuals with 

lower RKF (KRU < 5 mL/min/1.73 m2; Fig 1C and D). The case-mix–adjusted restricted 

cubic splines also showed consistent results for an association between UFR as a continuous 

variable and all-cause and CV mortality in subgroup analyses according to RKF (Fig S3).

Subgroup analyses according to urine volume showed similar results. In individuals with 

larger (≥1.0 L) urine volume at baseline, the association between higher UFR and increased 

all-cause mortality was slightly attenuated compared with individuals with smaller urine 

volume (<1.0 L; Fig S4). In an additional subgroup analysis, both incident HD patients who 

started on less-frequent schedules and patients who switched to less-frequent HD continued 

to exhibit an association between higher UFR and higher all-cause mortality (Fig S5). 

However, mortality risk estimates were larger for higher UFRs in the incident group 

compared with the prevalent group.

As sensitivity analysis, we additionally adjusted for actual ultrafiltration volume and weekly 

IDWG separately to assess the association of UFR with mortality, and results remained 

consistent (Table S3). We also examined the association of UFR with mortality in excluded 

patients with missing data for baseline RKF. Among 1,988 excluded patients with missing 

data for baseline RKF, higher UFR was still associated with greater mortality risk (Table 

S4).

UFR and 1-Year Decline in RKF

Among our cohort of 1,524 patients, after excluding 728 individuals with only baseline RKF 

and 47 who died within the first year, we used a subset of 749 individuals who had repeated 

measurements of RKF after baseline; numbers of patients with 2, 3, 4, and 5 data points 

were 350, 279, 73, and 47, respectively. The mean number of measurements used in 

calculating the slopes was 2.8. Numbers of patients with RKF data in patient-quarters 2, 3, 

4, and 5 were 338, 425, 287, and 265, respectively. Median estimated 1-year slope of RKF 

was −1.76 (IQR, −2.02 to −1.40) mL/min/1.73 m2 per year. The slope tended to be steeper 

across higher baseline UFR categories (Table 3; P for trend < 0.001). Of 749 patients, 374 

(50%) met our criterion for rapid decline in RKF. Logistic regression analysis revealed that 

higher UFR was associated with higher odds of rapid decline in RKF even after adjustment 

(Fig 2).

In subgroup analyses looking at the contribution of baseline RKF, there remained a trend 

toward higher odds of rapid decline in RKF by an increased UFR for both high and low 

Lee et al. Page 6

Am J Kidney Dis. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



baseline RKF levels (Fig 3). Subgroup analyses according to baseline urine volume showed 

consistent results; higher UFR tended to have increased odds of rapid decline in RKF for 

both larger and smaller urine volume (Fig S6). In our analysis looking at IDH as a possible 

mechanism for a more rapid decline in RKF, the proportion of patients experiencing IDH did 

not differ between patients with and without a rapid decline in RKF (50% and 56%, 

respectively; P = 0.7), and we did not find any correlation between IDH and change in RKF 

over time (median KRU slope, −1.73 [IQR, −1.98 to −1.40] and −1.79 [IQR, −2.04 to −1.41] 

in patients with and without IDH, respectively [P = 0.2]).

Discussion

Among 1,524 patients who had ever received less-frequent HD, we found that higher 

baseline UFR was associated with increased risk for both all-cause and CV mortality. 

Interestingly, the association between baseline UFR and mortality was modified by baseline 

RKF. The association was robust only among patients with KRU < 5 mL/min/1.73 m2. 

Moreover, higher UFR was associated with a rapid decline in RKF among less-frequent HD 

patients.

Previously, associations have been found between higher UFR and higher risk for mortality 

in conventional thrice-weekly HD9–11,13; our findings extend this association to less-

frequent HD schedules. UFR is determined by pre-dialysis weight, dry weight (the desired 

postdialysis weight), and treatment time. Therefore, UFR is not only a reflection of volume 

flux but also a surrogate for IDWG, body weight, and session time. Although UFR is tightly 

linked to IDWG, we found that UFR was associated with mortality, independently of IDWG.

Interestingly, we observed that the associations of higher UFR with all-cause and CV 

mortality were attenuated in those with substantial RKF. Similar tendencies were also shown 

in the subgroup analysis according to urine volume. Some previous studies identified an 

association between dialysis adequacy and all-cause mortality that was attenuated among 

incident HD patients with substantial RKF, suggesting that RKF likely has a positive benefit 

on patient survival regardless of practice-dependent factors.21,22 Substantial RKF may 

contribute to improved survival through its beneficial effects on volume control, reduced 

inflammation, and greater solute clearance, especially that of middle molecules and protein-

bound solutes.23–26 Given the interrelationship of RKF, UFR, and mortality, patients without 

substantial RKF should be considered for extended treatment times (including switching to 

thrice-weekly HD) and possibly a more intense focus on controlling IDWG to minimize 

UFR.

We also found a dose-dependent association between high UFR and a rapid decline in RKF 

among less-frequent HD patients. Low RKF and consequently increased IDWG are 

associated with high UFR, which in turn may lead to further RKF decline. Therefore, our 

results indicate the vicious cycle between UFR and decline in RKF. We postulated that the 

association between high UFR and decline in RKF may be due to IDH during HD that 

results in hypoperfusion to the kidneys with an associated loss of RKF.27 However, we did 

not find that IDH (defined as nadir SBP < 90 mm Hg) was associated with a decline in RKF. 

Despite a decrease in SBP, there are likely other regulatory mechanisms to maintain renal 
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perfusion that vary between individuals, or the association between high UFR and decline in 

RKF is mediated by yet unidentified mechanisms.28–32 Although there is not yet a clear 

mechanism of why higher UFR is associated with a decline in RKF, our study suggests that 

clinicians should be wary if a patient has a high UFR, even if the SBP of a patient is stable 

during HD.

A strength of this study is that it assessed the association of UFR with decline in RKF, as 

well as mortality, among a relatively large cohort of patients receiving less-frequent HD.

However, this study has several limitations that should be acknowledged. First, although we 

adjusted for an array of baseline characteristics, we cannot rule out the presence of residual 

confounding from unmeasured factors. In particular, although we found a consistent 

association between higher UFR and increased mortality even after adjusting for IDWG, 

IDWG itself may not completely reflect the extracellular volume status of the patients. 

Therefore, without adjustment for objective volume status measures, it is possible that the 

analyses were confounded by extracellular volume status. Furthermore, while we observed a 

robust association between baseline UFR categories with mortality, UFR may inherently 

change over time depending on patient conditions, potentially limiting causal inference. 

However, the change in UFR according to baseline UFR categories was consistently 

separated during follow-up, suggesting that those with higher UFRs remained at higher 

UFRs over time and vice versa.

Second, using KRU as an index of RKF could lead to underestimates because of tubular 

reabsorption of urea. However, our analysis focused more on trends in KRU. Moreover, 

although the Kidney Disease Outcomes Quality Initiative (KDOQI) guideline 

recommendations still suggest obtaining KRU in HD patients to assess RKF,33 clinical 

practice has changed and many practitioners are no longer obtaining 24-hour urine 

collections, limiting the external validity of our study. Also, there is no standard definition of 

a rapid decline in RKF, and we resorted to using the median KRU slope in our cohort. 

Although extrapolation of our study to other populations is limited when comparing RKF, 

our results may be useful in providing a starting point that can help guide future research.

Selection bias with including only patients with baseline KRU data is another limitation to 

our study. It is possible that patients who do not have a KRU measurement are likely to be 

those lacking substantial RKF. However, given that RKF appears to be associated with 

improved outcomes,34,35 this would likely bias our results toward the null. Moreover, when 

we repeated the main outcome analysis among 1,988 excluded less-frequent HD patients 

with missing baseline KRU data, the results suggesting increased mortality (all-cause and 

CV) with higher UFR remained robust.

Last, our study included less-frequent HD patients who switched from other dialysis 

modalities, as well as incident HD patients on less-frequent regimens. We could not discern 

why these individuals were switched from other dialysis modalities or thrice-weekly HD to 

less-frequent HD. Some individuals may have been “healthier” (with greater RKF requiring 

less frequent dialysis) and some may have been more frail (resulting in requiring less 

dialysis per week). However, after accounting for dialysis vintage before transition to less-
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frequent HD, higher UFR showed a consistent association with increased risk for mortality 

in both patients who initially started less-frequent HD and those who switched to less-

frequent HD. In addition, less-frequent HD patients with increased IDWG and higher UFRs 

(≥10 mL/h/kg) may represent a special population, such as those getting hospice or palliative 

care, and thereby results may be subject to selection bias. However, all patients with higher 

UFRs switched to thrice-weekly HD after less-frequent HD. Moreover, the median time to 

death after starting less-frequent HD among higher UFR groups did not differ compared 

with lower UFR groups (367 vs 375 days, respectively; P = 0.6).

In summary, higher UFR is associated with greater all-cause and CV mortality among 

patients receiving HD regular treatments at a frequency of twice or less per week, especially 

those without substantial RKF. Additionally, higher UFR is associated with a rapid decline 

in RKF among those patients. Future trials are needed to determine whether there is a causal 

relationship between UFR and patient outcomes among patients receiving less-frequent HD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Ultrafiltration rate and case-mix– and fully adjusted hazard ratios (95% confidence intervals) 

for all-cause and cardiovascular (CV) mortality stratified by baseline renal urea clearance 

(A, B) ≥ 5 mL/min/1.73 m2 and (C, D) <5 mL/min/1.73 m2 among 1,524 less-frequent 

hemodialysis patients. Gray bars on figures refer to number of patients in each group.
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Figure 2. 
Ultrafiltration rate and odds ratio for a rapid decline in residual kidney function (RKF) after 

1 year using logistic regression model with adjustment for case-mix variables, baseline renal 

urea clearance (KRU), change in intradialytic systolic blood pressure, normalized protein 

catabolic rate, and interval between KRU measurements among 749 less-frequent 

hemodialysis patients. Gray bars on figures refer to number of patients in each group.
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Figure 3. 
Ultrafiltration rate and odds ratio for a rapid decline in residual kidney function (RKF) after 

1 year stratified by baseline renal urea clearance (KRU) of (A) ≥5 mL/min/1.73 m2 (n = 411) 

and (B) <5 mL/min/1.73 m2 (n = 338) using logistic regression model with adjustment for 

case-mix variables, baseline renal urea clearance (KRU), change in intradialytic systolic 

blood pressure, normalized protein catabolic rate, and interval between KRU measurements. 

Gray bars on figures refer to number of patients in each group.
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Table 3.

Estimated 1-Year KRU Slope According to Baseline UFR Categories

Decline in Urea Clearance, mL/min/1.73 m2/y

UFR

 <6 mL/h/kg −1.70 [−1.92 to −1.30]

 6-<10 mL/h/kg −1.80 [−2.04 to −1.51]

 10-<13 mL/h/kg −1.82 [−2.06 to −1.31]

 ≥13 mL/h/kg −1.91 [−2.13 to −1.43]

Total −1.76 [−2.02 to −1.40]

Note: n = 749. Values are given as median [interquartile range]. P for trend < 0.001. Abbreviations: KRU, renal urea clearance; UFR, ultrafiltration 
rate.
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