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Abstract
Background/Aims: Ultrafiltration rate (UFR) appears to be 
associated with mortality in prevalent hemodialysis (HD) pa-
tients. However, the association of UFR with mortality in in-
cident HD patients remains unknown. Methods: We exam-
ined a US cohort of 110,880 patients who initiated HD from 
2007 to 2011. Baseline UFR was divided into 5 groups (<4, 4 
to <6, 6 to <8, 8 to <10, and ≥10 mL/h/kg body weight [BW]). 
We examined predictors of higher baseline UFR using logis-
tic regression and the association of baseline UFR and all-
cause and cardiovascular (CV) mortality using Cox propor-
tional hazard models with adjustments for demographics, 
comorbidities, and markers of malnutrition-inflammation-
cachexia syndrome. Results: Patients were 63 ± 15 years, 
with 43% women, 32% African Americans, and had a mean 
baseline UFR of 7.5 ± 3.1 mL/h/kg BW. In the fully adjusted 
logistic regression models, factors associated with higher 

UFR (≥7.5 mL/h/kg BW) included Hispanic ethnicity, diabe-
tes, and higher dietary protein intake. There was a linear as-
sociation between UFR and all-cause and CV mortality, 
where UFR ≥10 mL/h/kg BW (reference UFR 6–<8 mL/h/kg 
BW) conferred the highest risk in both unadjusted (HR 1.15 
[95% CI 1.10–1.19]) and  adjusted models (HR 1.23 [95% CI 
1.16–1.31]). The linear association with all-cause mortality 
remained consistent across strata of age, urine volume, and 
treatment time. Conclusions: Higher UFR is independently 
associated with higher all-cause and CV mortality in incident 
HD patients. Clinical trials are warranted to examine the ef-
fects of lowering UFR on outcomes. © 2018 S. Karger AG, Basel

Introduction

Hemodialysis (HD) patients experience high mortality 
rates [1] and their cardiovascular (CV)-related risk of 
death is 10–20 times higher than that of the general pop-
ulation [2]. HD patients are commonly affected by prob-
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lems of volume overload or fluid retention between dialy-
sis sessions due to lack of renal function, which can ag-
gravate (often pre-existing) hypertension and adversely 
affect CV health [3]. Although previous studies have 
shown that higher interdialytic weight gain (IDWG) is 
associated with better nutritional status [4–6], it can cause 
volume overload and abnormal ventricular remodeling 
and lead to heart failure [7]. As a result of excessive 
IDWG, patients tend to receive a higher ultrafiltration 
rate (UFR) in order to remove volume during HD treat-
ments of relatively fixed duration. 

UFR is a function of the amount of fluid removed dur-
ing a dialysis session (ultrafiltration) as well as the session 
length (dialysis treatment time). Several studies have sug-
gested that longer dialysis treatment time is associated 
with better outcomes [8–11]. In addition, other studies 
have shown that rapid fluid removal during dialysis may 
contribute to all-cause and CV mortality in maintenance 
HD patients [12–14]. Flythe et al. [14] examined the as-
sociation of UFR with mortality outcomes in 1,846 US 
prevalent HD patients, and reported that compared to 
UFR ≤10 mL/h/kg body weight (BW), UFR >13 mL/h/kg 
BW was associated with higher risk of all-cause and CV 
mortality. However, associations in incident patients are 
unknown. Generally, the UFR of HD patients tends to in-
crease as dialysis vintage increases. As a result, UFR of 
prevalent HD patients is more likely to be higher than that 
of incident HD patients.

We undertook this study in order to evaluate the as-
sociation between baseline UFR and mortality in a large, 
contemporary cohort of incident HD patients. We hy-
pothesized that higher UFR would be associated with 
higher all-cause and CV mortality. 

Methods

Study Population and Data
We retrospectively examined data from all incident ESRD pa-

tients who initiated treatment between January 1, 2007 and Decem-
ber 31, 2011, in any one of the outpatient facilities of a large dialysis 
organization (LDO) in the United States. The creation of our pa-
tient cohort has been previously described [15]. Patients were ex-
cluded from the cohort if treated with dialysis for less than 60 days, 
or treated with any modality other than in-center HD. We further 
excluded patients with missing UFR data in the first 91 days of HD 
and those with baseline UFR data <0.5 or >18.1 mL/h/kg BW. The 
final study population consisted of 110,880 patients (online suppl. 
Fig. S1; for all online suppl. material, see www.karger.com/
doi/10.1159/000486323). The study was approved by the Institu-
tional Review Board of University of California, Irvine. The re-
quirement for a written consent was exempt due to the large sample 
size, patient anonymity, and non-intrusive nature of the research. 

Demographic, Clinical, and Laboratory Measures
The information on self-identified race/ethnicity, primary in-

surance, access type, and pre-existing comorbidities were obtained 
from the electronic records database of the LDO. Blood samples 
were drawn using uniform techniques in the LDO clinics and were 
transported to the central laboratory in Deland, Florida, typically 
within 24 h. All laboratory values were measured by automated 
and standardized methods. Most laboratory parameters were mea-
sured monthly, including blood urea nitrogen, serum albumin, 
creatinine, total-iron binding capacity, bicarbonate, phosphorous, 
and calcium. Ferritin was measured at least quarterly. Hemoglobin 
was measured at least monthly in all patients and weekly to bi-
weekly in most patients. Kt/V was used to estimate dialysis dosage, 
and normalized protein catabolic rate (nPCR) was measured 
monthly as an indicator of daily protein intake. Most blood sam-
ples were collected before dialysis, except for post-dialysis serum 
urea nitrogen to calculate urea kinetics. To minimize measure-
ment variability, all repeated clinical and laboratory measure-
ments including UF, UFR, 24 h urine volume, and blood pressure 
for each patient during the first 91 days (quarter) of dialysis were 
averaged.

Exposure and Outcome Variables
Baseline ultrafiltration was measured as the weight change 

(post-dialysis weight minus pre-dialysis weight) during dialysis. 
Baseline UFR was calculated by dividing the ultrafiltration by the 
dialysis treatment time in hours and post-dialysis weight [12, 13]. 
We used delivered UFR, and UFR was expressed in terms of mL/h/
kg BW. We divided UFR into 5 ordinal categories (<4, 4 to <6, 6 to 
<8, 8 to <10, and ≥10 mL/h/kg BW) based on the distribution of 
the cohort. The outcomes of interest were all-cause and CV mor-
talities. Data on mortality were obtained from the LDO data re-
cords, and CV death was defined as death due to myocardial in-
farction, cardiac arrest, congestive heart failure, cerebrovascular 
accident, pericarditis, atherosclerotic heart disease, cardiomyopa-
thy, cardiac arrhythmia, valvular heart disease, pulmonary edema, 
pulmonary embolus, or ischemic brain damage. Patients were fol-
lowed up to 5 years starting from 91 days after HD initiation. Pa-
tients were censored for death, loss to follow-up, kidney transplan-
tation, transfer to another dialysis organization, or at the end of the 
study period (December 31, 2011). 

Statistical Analyses
Baseline characteristics were described using proportions, 

means (±SD), or median (interquartile range), as appropriate. 
Data across UFR groups were compared using, chi-square, analy-
sis of variance, and Kruskal-Wallis, as appropriate. We examined 
predictors of higher UFR (dichotomized at the mean UFR ≥7.5 vs. 
<7.5 mg/h/kg BW) using logistic regression models. Finally, we 
examined the association of UFR with all-cause and CV mortalities 
using Cox proportional hazards regression models across 5 UFR 
categories using UFR 6 to <8 mL/h/kg BW as reference. 

We examined the relationship of baseline UFR with all-cause 
and CV mortality as well as predictors of UFR using 3 models of 
hierarchical adjustment: (i) unadjusted model that included entry 
calendar quarter; (ii) case-mix adjusted model that included vari-
ables in the unadjusted model plus age, sex, race/ethnicity (White, 
African American, Hispanic, Asian, and others), primary insur-
ance (Medicare, Medicaid, and other), initial vascular access type 
(central venous catheter, arteriovenous fistula, arteriovenous graft, 
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and unknown), 13 comorbid conditions (diabetes mellitus, hyper-
tension, atherosclerotic heart disease, congestive heart failure, oth-
er CV disease, cerebrovascular disease, dyslipidemia, chronic ob-
structive pulmonary disease, liver disease, human immunodefi-
ciency virus, malignancy, alcohol and substance abuse), and 
baseline dialysis dose as indicated by single-pool Kt/V; and (iii) 
case-mix and malnutrition-inflammation-cachexia syndrome 
(MICS) model that included all of the covariates in the case-mix 
model and nutritional, inflammatory surrogate markers consist-
ing of baseline body mass index and 13 baseline laboratory vari-
ables: (1) white blood cell count, (2) lymphocyte percentage, (3) 
serum albumin, (4) creatinine, (5) blood urea nitrogen, (6) bicar-
bonate, (7) calcium, (8) phosphorus, (9) parathyroid hormone, 
(10) hemoglobin, (11) total-iron binding capacity, (12) ferritin, 
and (13) nPCR as an indicator of daily protein intake, also known 
as the normalized protein nitrogen appearance. 

The UFR-mortality association was also examined with con-
tinuous UFR using restricted cubic splines across the 3 models of 
adjustment (unadjusted, case-mix, and case-mix + MICS). Best 
placed knots were at the 5th, 35th, 65th, and 95th percentile of the 
UFR distribution. We additionally examined the UFR-mortality 
association across a priori selected subgroups. To further examine 
the association of UFR-mortality, we evaluated short-term out-
comes of baseline UFR with 1-year all-cause mortality. 

Complete case analyses were used. Covariates used in analytical 
models were missing <3% for most laboratory measurements and 
6% for creatinine. Unadjusted survival models included 110,880 
patients, case-mix adjusted 108,343 patients, and case-mix + MICS 
adjusted included 99,590 patients. In subgroup analyses, urine vol-
ume was missing in 66% of the cohort. All statistical analyses were 
carried out using Stata, version 13.1 (StataCorp LP, College Sta-
tion, TX, USA).

Results

Patient Characteristics
The baseline demographics, clinical, and laboratory 

characteristics of the patients stratified by categories of 
baseline UFR are summarized in Table 1. The mean age 
of patients was 63 ± 15 years, with 43% women, 32% Af-
rican Americans, and 58% diabetics. The mean baseline 
UFR was 7.5 ± 3.1 mL/h/kg BW. Patients with a higher 
baseline UFR were younger and more likely to be His-
panic, have diabetes and congestive heart failure, lower 
body mass index, albumin, and lymphocyte, higher phos-
phorous, shorter treatment time, and a lower 24-h urine 
volume, but higher ultrafiltration. 

Predictors of Higher UFR
In logistic regression models adjusted for case-mix and 

MICS covariates, factors associated with higher UFR 
(≥7.5 mL/h/kg BW) included Hispanic and Asian race 
(compared to White); use of arteriovenous graft as initial 
vascular access (compared to central venous catheter); 

presence of diabetes and congestive heart failure; and 
higher baseline nPCR, ultrafiltration, phosphorus, and 
blood urea nitrogen levels. However, factors associated 
with lower UFR (<7.5 mL/h/kg BW) included younger 
age, use of arteriovenous fistula as initial vascular access 
(compared to central venous catheter), longer dialysis 
treatment time, increased baseline urine volume, and 
higher baseline single-pool Kt/V (Table 2). We also per-
formed additional logistic regression analyses to examine 
predictors of UFR ≥10 mL/h/kg BW. After adjustment for 
case-mix and MICS covariates, similar factors were pre-
dictors of higher UFR ≥10 as for UFR ≥7.5 mL/h/kg BW, 
including the presence of congestive heart failure, higher 
ultrafiltration, and phosphorus (online suppl. Table S1). 

UFR and All-Cause and CV Mortality
During the median (interquartile range) follow-up 

time of 1.3 (0.6–2.5) years, 28,896 deaths (26%) were ob-
served and 10,171 (35.2%) deaths were due to CV causes. 
The numbers of kidney transplant, discontinuation of di-
alysis, and transfer to another dialysis organization were 
3,762, 2,201, and 7,015, respectively. Figure 1 shows the 
5-year mortality risk across UFR groups in 110,880 pa-
tients. There was an incremental and linear association 
between UFR and all-cause and CV mortality across all 
levels of adjustment. Greatest baseline UFR ≥10 mL/h/kg 
BW was associated with higher risk of all-cause (highest 
risk [HR] 1.15 [95% CI 1.10–1.19]) (reference: 6 to <8 
mL/h/kg BW) and CV mortality (HR 1.23 (95% CI 1.16–
1.31) in fully adjusted models. Similar results were also 
observed after examining continuous UFR and all-cause 
and CV mortality using restricted cubic splines (Fig. 2). 
Moreover, in sensitivity analysis, the mortality associa-
tions were similar using baseline categorical ultrafiltra-
tion alone, and an unscaled UFR exposure (online suppl. 
Fig. S2, S3). Examination of short-term outcomes simi-
larly revealed an incremental and linear association be-
tween baseline UFR and 1-year all-cause mortality across 
all levels of adjustment (online suppl. Fig. S4). 

Figures 3 and 4 show the association of UFR and all-
cause mortality across various subgroups. The linear as-
sociation between higher UFR and higher all-cause mor-
tality was evident across nearly all subgroups. Notably 
among patients with the longest treatment time (≥4.0 h), 
largest UF volume (≥1.7 kg), and with the greatest urine 
volume (≥1,100 mL/day), the survival advantages were 
more prominent for patients with the lowest UFR. In ad-
dition, linear associations between UFR and mortality ap-
pear to be stronger in higher weight quintiles for both 
men and women.
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Table 1. Baseline characteristics of 110,880 MHD patients stratified by baseline ultrafiltration rate categories

Variable All patients
(n = 110,880)

Ultrafiltration rate, mL/hr/kgBW p value

<4 
(n = 13,109)

4 to <6 
(n = 25,325)

6 to <8 
(n = 29,035)

8 to <10 
(n = 21,617)

≥10 
(n = 21,794)

Age, years 63±15 63±15 63±14 63±15 63±15 61±16 <0.001
Female, % 43 49 46 42 39 42 <0.001
Race, %

White 47 54 49 46 45 43 <0.001
African American 32 30 34 33 31 28 <0.001
Hispanic 15 10 12 14 17 19 <0.001
Asian 3 2 2 3 4 5 <0.001
Others 3 4 3 4 3 5 <0.001

Primary insurance, %
Medicare 54 53 53 54 54 53 0.022
Medicaid 7 5 6 6 7 10 <0.001
Others 39 42 41 40 39 37 <0.001

Access, %
CVC 74 72 73 74 74 76 <0.001
AVF 15 17 16 15 15 13 <0.001
AVG 4 4 4 4 4 4 0.049
Unknown 7 7 7 7 7 7 <0.001

Comorbidity, %
Diabetes 58 52 58 60 59 59 <0.001
Hypertension 51 52 51 51 52 50 0.011
Congestive heart failure 36 28 34 37 39 42 <0.001
Atherosclerotic heart disease 14 14 14 15 14 14 0.152
Other cardiovascular disease 15 15 15 15 15 15 0.163
Dyslipidemia 25 26 26 25 25 24 <0.001
Chronic obstructive pulmonary disease 5 5 5 5 5 5 0.009
Liver disease 1 1 1 1 2 2 0.08
Cerebrovascular disease 2 2 2 2 2 2 0.027
History of cancer 2 3 3 2 2 2 <0.001
Human immunodeficiency virus 0.5 0.5 0.4 0.4 0.5 0.6 0.005
Substance abuse 0.2 0.2 0.2 0.2 0.3 0.4 <0.001
Alcohol abuse 0.2 0.2 0.2 0.2 0.3 0.4 0.001

Body mass index, kg/m2 28.2±7.3 30.6±8.5 30.6±8.2 28.8±7.1 26.8±5.9 24.4±4.9 <0.001
Single-pool, Kt/V 1.47±0.32 1.48±0.34 1.45±0.32 1.46±0.32 1.46±0.32 1.49±0.32 <0.001
nPCR, g/kg/day 0.8±0.2 0.7±0.2 0.8±0.2 0.8±0.2 0.8±0.2 0.8±0.2 <0.001
Weekday IDWG, % 2.3 (1.5–3.1) 0.9 (0.5–1.2) 1.6 (1.3–1.9) 2.2 (1.9–2.6) 2.8 (2.4–3.2) 3.7 (3.2–4.4) <0.001
Weekend IDWG, % 3.1 (2.1–4.2) 1.3 (0.8–1.7) 2.2 (1.7–2.7) 3.0 (2.5–3.5) 3.8 (3.2–4.4) 5.0 (4.2–5.9) <0.001
Ultrafiltration, kg 2.0±0.9 0.9±0.4 1.6±0.6 2.1±0.6 2.4±0.7 2.8±0.8 <0.001
Dialysis treatment time, min/session 211.5±23.5 214.4±25.2 215.6±23.6 213.2±22.7 210.1±22.5 204.0±22.3 <0.001
24-H urine volume, mL/day 775 (450–1,300) 1,000 (550–1,525) 825 (500–1,350) 750 (408–1,250) 700 (400–1,200) 625 (350–1,100) <0.001
Pre-dialysis SBP, mm Hg 147.0±19.4 144.4±19.0 146.2±18.8 147.5±19.6 147.5±19.6 148.9±20.3 <0.001
Post-dialysis SBP, mm Hg 144.1±18.3 143.9±18.6 144.2±18.0 144.0±18.0 144.0±18.3 144.3±19.1 0.122
Lowest intradialytic SBP, mm Hg 116.0±15.1 115.4±15.7 116.0±15.1 116.3±15.2 116.7±15.6 117.7±16.3 <0.001
Frequency of Lowest intradialytic 

hypotension, <90 mm Hg 1 (0–4) 1 (0–4) 1 (0–4) 1 (0–4) 1 (0–4) 1 (0–4)
<0.001

Laboratory parameters
Hemoglobin, g/dL 11.1±1.2 11.2±1.2 11.1±1.2 11.1±1.2 11.1±1.2 11.0±1.2 <0.001
White blood cells, ×103/μL 7.8±2.7 7.9±2.7 7.9±2.6 7.8±2.7 7.7±2.7 7.8±2.8 <0.001
Lymphocyte (% of white blood cells) 20.7±7.5 21.7±7.6 21.3±7.5 20.8±7.5 20.4±7.5 19.6±7.4 <0.001
Albumin, g/dL 3.5±0.5 3.6±0.5 3.6±0.5 3.5±0.5 3.5±0.5 3.4±0.5 <0.001
Calcium, mg/dL 9.1±0.6 9.2±0.6 9.1±0.6 9.1±0.6 9.1±0.6 9.0±0.6 <0.001
Phosphorus, mg/dL 4.9±1.1 4.7±1.0 4.8±1.1 4.9±1.1 5.0±1.2 5.2±1.3 <0.001
Blood urea nitrogen, mg/dL 48±15 44±14 46±14 48±14 50±15 52±15 <0.001
Creatinine, mg/dL 5.9±2.4 5.8±2.2 5.9±2.3 5.9±2.3 5.9±2.4 5.9±2.5 <0.001
Bicarbonate, mEq/L 23.6±2.7 23.5±2.8 23.7±2.7 23.7±2.7 23.6±2.7 23.4±2.7 <0.001
Intact parathyroid hormone, pg/mL 314 (197–486) 313 (191–498) 320 (201–499) 318 (201–489) 312 (198–482) 302 (190–467) <0.001
Ferritin, pg/nL 282 (164–485) 285 (165–489) 280 (164–481) 279 (163–476) 281 (163–485) 291 (166–500) <0.001
Total iron biding capacity, mg/dL 224.8±49.0 228.3±51.1 226.3±49.3 225.3±48.2 223.8±48.6 221.3±48.7 <0.001

Data are presented as mean ± SD, median (IQR), or percentage, appropriately.
nPCR, normalized protein catabolic rate; SBP, systolic blood pressure; MHD, maintenance hemodialysis; IDWG, interdialytic weight gain.
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Table 2. Multivariate logistic regression model predicting UFR ≥7.5 mL/h/kg BW in 110,880 MHD patients

Variable Unadjusted Case-mix Case-mix + MICS

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age (Δ10 years) 0.95 (0.94–0.96) <0.001 0.96 (0.95–0.97) <0.001 0.88 (0.87–0.89) <0.001
Female 0.83 (0.81–0.85) <0.001 0.79 (0.77–0.81) <0.001 1.11 (1.08–1.15) <0.001
Race 

White Reference Reference Reference
African American 1.01 (0.98–1.04) 0.607 0.99 (0.96–1.02) 0.543 1.17 (1.13–1.21) <0.001
Hispanic 1.56 (1.51–1.62) <0.001 1.49 (1.43–1.54) <0.001 1.30 (1.25–1.36) <0.001
Asian 2.12 (1.98–2.27) <0.001 2.08 (1.94–2.23) <0.001 1.36 (1.25–1.47) <0.001
Others 1.33 (1.24–1.41) <0.001 1.29 (1.21–1.38) <0.001 1.18 (1.25–1.36) <0.001

Primary insurance
Medicare Reference Reference Reference
Medicaid 1.41 (1.34–1.48) <0.001 1.21 (1.15–1.28) <0.001 1.12 (1.06–1.19) <0.001
Others 0.93 (0.91–0.96) <0.001 0.89 (0.86–0.91) <0.001 0.90 (0.87–0.92) <0.001

Access 
CVC Reference Reference Reference
AVF 0.84 (0.81–0.87) <0.001 0.85 (0.82–0.88) <0.001 0.93 (0.90–0.97) <0.001
AVG 1.03 (0.97–1.10) 0.282 1.10 (1.03–1.17) 0.003 1.30 (1.22–1.40) <0.001
Unknown 0.90 (0.61–1.32) 0.578 0.94 (0.63–1.39) 0.756 1.03 (0.65–1.64) 0.891

Comorbidity
Diabetes 1.07 (1.05–1.10) <0.001 1.03 (1.00–1.06) 0.02 1.11 (1.08–1.15) <0.001
Hypertension 0.97 (0.95–1.00) 0.023 0.99 (0.96–1.01) 0.383 0.99 (0.97–1.02) 0.718
Congestive heart failure 1.30 (1.27–1.33) <0.001 1.31 (1.28–1.35) <0.001 1.43 (1.39–1.47) <0.001
Atherosclerotic heart disease 1.01 (0.97–1.04) 0.648 0.98 (0.94–1.02) 0.314 0.99 (0.95–1.04) 0.738
Other cardiovascular disease 1.04 (1.01–1.08 ) 0.014 1.07 (1.03–1.11) 0.001 1.05 (1.00–1.10) 0.032
Dyslipidemia 0.94 (0.91–0.96) <0.001 0.91 (0.89–0.94) <0.001 0.93 (0.90–0.96) <0.001
Chronic obstructive pulmonary disease 0.98 (0.93–1.03) 0.423 0.96 (0.91–1.02) 0.24 1.04 (0.98–1.12) 0.204
Liver disease 1.15 (1.04–1.27) 0.005 1.09 (0.98–1.21) 0.126 0.94 (0.83–1.06) 0.287
Cerebrovascular disease 0.88 (0.90–0.96) 0.006 0.85 (0.77–0.94) 0.001 0.81 (0.73–0.91) <0.001
History of cancer 0.72 (0.67–0.79) <0.001 0.75 (0.69–0.81) <0.001 0.70 (0.63–0.76) <0.001
Human immunodeficiency virus 1.31 (1.10–1.55) 0.002 1.23 (1.03–1.46) 0.021 0.86 (0.70–1.04) 0.121
Substance abuse 1.55 (1.22–1.79) <0.001 1.37 (1.06–1.76) 0.014 1.09 (0.82–1.45) 0.551
Alcohol abuse 1.67 (1.30–2.13) <0.001 1.50 (1.16–1.93) 0.002 1.35 (1.02–1.79) 0.037

Body mass index, kg/m2 0.91 (0.91–0.92) <0.001 0.90 (0.90–0.90) <0.001 0.89 (0.89–0.90) <0.001
Single-pool Kt/V (Δ0.1) 1.01 (1.01–1.01) <0.001 1.02 (1.02–1.02) <0.001 0.94 (0.93–0.94) <0.001
nPCR (Δ0.1 g/kg/day) 1.14 (1.14–1.15) <0.001 1.14 (1.13–1.15) <0.001 1.20 (1.18–1.21) <0.001
Weekday IDWG (Δ0.1%) 1.12 (1.12–1.12) <0.001 1.09 (1.09–1.09) <0.001 1.10 (1.09–1.10) <0.001
Weekend IDWG (Δ0.1%) 1.09 (1.09–1.09) <0.001 1.06 (1.06–1.06) <0.001 1.06 (1.06–1.06) <0.001
Ultrafiltration (Δ0.1 kg) 1.20 (1.20–1.21) <0.001 1.26 (1.25–1.26) <0.001 1.67 (1.66–1.68) <0.001
Dialysis treatment time (Δ10 min/session) 0.88 (0.88–0.89) <0.001 0.86 (0.85–0.86) <0.001 0.92 (0.91–0.92) <0.001
24-H urine volume (Δ100 mL/day) 0.96 (0.96–0.97) <0.001 0.95 (0.94–0.95) <0.001 0.95 (0.95–0.96) <0.001
Pre-dialysis SBP (Δ10 mm Hg) 1.05 (1.04–1.06) <0.001 1.05 (1.04–1.06) <0.001 1.06 (1.05–1.06) <0.001
Post-dialysis SBP (Δ10 mm Hg) 1.00 (0.99–1.00) 0.36 0.99 (0.99–1.00) 0.042 0.96 (096–0.97) <0.001
Lowest intradialytic SBP (Δ10 mm Hg) 1.04 (1.03–1.05) <0.001 1.04 (1.03–1.05) <0.001 1.0 (1.01–1.02) <0.001
Frequency of intradialytic hypotension (<90 mm Hg) events (per 5 units) 1.00 (0.98–1.01) 0.505 1.01 (0.99–1.02) 0.225 1.02 (1.00–1.03) 0.037
Laboratory parameters

Hemoglobin, g/dL 0.94 (0.94–0.95) <0.001 0.93 (0.92–0.94) <0.001 0.91 (0.90–0.92) <0.001
White blood cells, ×103/μL 0.99 (0.98–0.99) <0.001 0.99 (0.98–0.99) <0.001 0.98 (0.97–0.98) <0.001
Lymphocyte (% of white blood cells) 0.98 (0.98–0.98) <0.001 0.98 (0.98–0.98) <0.001 0.98 (0.98–0.98) <0.001
Albumin (Δ0.1 g/dL) 0.95 (0.95–0.96) <0.001 0.95 (0.95–0.95) <0.001 0.94 90.94–0.94) <0.001
Calcium, mg/dL 0.72 (0.71–0.74) <0.001 0.76 (0.75–0.78) <0.001 0.73 (0.71–0.75) <0.001
Phosphorus, mg/dL 1.22 (1.21–1.24) <0.001 1.22 (1.20–1.23) <0.001 1.24 (1.22–1.26) <0.001
Blood urea nitrogen (Δ10 mg/dL) 1.21 (1.20–1.22) <0.001 1.19 (1.18–1.20) <0.001 1.03 (1.01–1.05) <0.001
Creatinine, mg/dL 1.00 (1.00–1.01) 0.105 0.98 (0.98–0.99) <0.001 0.91 (0.91–0.92) <0.001
Bicarbonate, mEq/L 0.98 (0.98–0.98) <0.001 0.99 (0.98–0.99) <0.001 1.04 (1.03–1.04) <0.001
Intact parathyroid hormone (Δ100 pg/mL) 0.99 (0.98–0.99) <0.001 0.98 (0.98–0.99 ) <0.001 0.98 (0.97–0.98) <0.001
Ferritin (Δ100 pg/nL) 1.01 (1.00–1.01) <0.001 1.01 (1.00–1.01) <0.001 0.99 (0.99–0.99) <0.001
Total iron biding capacity (Δ100 mg/dL) 0.86 (0.84–0.88) <0.001 0.84 (0.82–0.86) <0.001 1.22 (1.18–1.27) <0.001

Adjustments in unadjusted models: mortality data in each calendar quarter; case-mix adjusted models: unadjusted model plus baseline characteristics of age, sex, race/ethni-
city (White, African American, Hispanic, Asian, or other), primary insurance (Medicare, Medicaid, and others), vascular access type (central venous catheter, arteriovenous fistu-
la, arteriovenous graft, or others), 13 comorbid conditions (diabetes mellitus, hypertension, atherosclerotic heart disease, congestive heart failure, other-cardiovascular disease, 
cerebrovascular disease, dyslipidemia, HIV, chronic obstructive pulmonary disease, liver disease and malignancy, alcohol and substance abuse), and dialysis dose as indicated by 
single-pool Kt/V; case-mix plus malnutrition-inflammation-cachexia syndrome (MICS) models: case-mix adjusted model plus BMI and 13 laboratory variables including white 
blood cell count, lymphocyte percentage, serum albumin, creatinine, blood urea nitrogen, bicarbonate, calcium, phosphorus, parathyroid hormone, hemoglobin, total iron binding 
capacity, ferritin, and nPCR. nPCR, normalized protein catabolic rate; SBP, systolic blood pressure; IDWG, interdialytic weight gain; MHD, maintenance hemodialysis.
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Discussion

In a nationally representative cohort of 110,880 inci-
dent HD patients, UFR exhibited a direct linear rela-
tionship with higher all-cause and CV mortality. Fac-
tors associated with higher UFR (≥7.5 mL/h/kg BW) 
included Hispanic and Asian race; use of arteriovenous 
graft as initial vascular access; presence of diabetes and 
congestive heart failure; and higher baseline nPCR, ul-
trafiltration, phosphorus, and blood urea nitrogen lev-
els. 

Few studies have previously examined the association 
between UFR with all-cause and CV mortality [12–14]. In 
the international DOPPS cohort, including 22,000 preva-
lent HD patients, Saran et al. [12] reported a significant 
difference in all-cause mortality risk between patients 
with UFR ≤10 versus >10 mL/h/kg BW (relative risk [RR] 
1.09, p = 0.02); however, this difference was not evident 
when examining CV mortality (RR 1.04, p = 0.41). In ad-
dition, in a cohort of 287 Italian MHD prevalent patients 
with a mean UFR of 12.7 ± 3.5 mL/h/kg BW, Movilli et al. 
[13] reported that better survival was observed with UFR 
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Fig. 1. Association between baseline UFR with (a) all-cause and (b) cardiovascular mortality in 110,880 incident hemodialysis patients.

Fig. 2. Restricted cubic spine models of the association of UFR with (a) all-cause and (b) cardiovascular mortality in 110,880 incident 
hemodialysis patients in the case-mix and MICS-adjusted model. 
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<12.37 mL/h/kg BW (p < 0.0001) by evaluating receiver 
operator curve-generated thresholds for mortality. They 
also commented that a threshold of 10 mL/h/kg BW 
might be too low to demonstrate a true association be-
tween UFR and CV mortality as reported by Saran et al. 
[12] Lastly, Flythe et al. [14] reported that UFR >13 mL/h/
kg BW (compared to UFR ≤10 mL/h/kg BW) was signif-

icantly associated with both all-cause and CV mortality 
in 1,846 prevalent US patients. Compared to the afore-
mentioned studies, baseline UFR of our cohort was lower 
(mean UFR: 7.5 ± 3.1 mL/h/kg BW). This difference is 
likely due to the fact that our cohort was comprised of 
incident patients, whereas previous studies had investi-
gated cohorts of prevalent patients. Generally, in HD pa-

1.51.31.21.11.00.90.80.70.60.5
All-cause mortality hazard ratio
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HD time ≥4.0

HD time 3.5 to <4.0
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Ultrafiltration ≥1.7

Ultrafiltration <1.7
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Non-White
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Age <65
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UFR <4 mL/h/kg BW
UFR 4 to <6 mL/h/kg BW
UFR 6 to <8 mL/h/kg BW (reference)

UFR 8 to <10 mL/h/kg BW
UFR ≥10 mL/h/kg BW

Fig. 3. Association of baseline UFR with 
all-cause mortality a priori select sub-
groups of incident hemodialysis patients in 
the case-mix and MICS adjusted model. 
HD time, hemodialysis treatment time (h); 
24 UV, 24-h urine volume (mL/day); post 
SBP, post-dialysis systolic blood pressure 
(mm Hg); SPKTV, single-pool Kt/V.
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tients, over time on maintenance HD, residual renal func-
tion decreases whereas patient appetite improves and nu-
tritional intake increases [3–6], resulting in more sodium 
and water intake between dialysis sessions. As a conse-
quence, more fluid retention can occur between dialysis 
sessions as patients undergo maintenance HD for longer 

periods of time; thereby resulting in larger ultrafiltration 
volumes and higher UFRs in prevalent patients to remove 
excess fluid. 

Clinically, ultrafiltration is equivalent to IDWG at 
steady state. Converse to our findings, Lopez-Gomez et al. 
[16] reported that greater IDWG was associated with bet-
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F, weight (quint 4)
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UFR <4 mL/h/kg BW
UFR 4 to <6 mL/h/kg BW
UFR 6 to <8 mL/h/kg BW (reference)

UFR 8 to <10 mL/h/kg BW
UFR ≥10 mL/h/kg BW

Fig. 4. Association of baseline UFR with 
all-cause mortality across subgroups of sex 
adjusted quintiles of post-dialysis weight 
(kg) among incident hemodialysis patients 
in the case-mix and MICS-adjusted model. 
F, female; M, male; quint, quintile.
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ter long-term prognosis of patients. They found that the 
positive effect of higher IDWG (or fluid retention) on ap-
petite and nutrition outweighs its negative effect on blood 
pressure. However, several studies have showed opposite 
results regarding associations between higher IDWG and 
mortality [17, 18]. In a study on non-adherence in HD 
patients using the international prospective DOPPS co-
hort, Saran et al. [19] reported that IDWG over 5.7% of 
BW was associated with higher mortality (RR 1.12, p = 
0.047) over a median of 1.8–3 years of follow-up. In addi-
tion, Kalantar-Zadeh et al. [20] verified that greater fluid 
retention between 2 subsequent HD treatment sessions 
was associated with higher risk of all-cause and CV death 
in a 2-year cohort of 34,107 MHD US patients. Similarly, 
in our study, as ultrafiltration increased, hazards ratios of 
all-cause mortality risk proportionally increased in case-
mix and MICS-adjusted models (online suppl. Fig. S2), as 
well as in examination of short-term outcomes. 

UFR is the ratio of fluid removed to dialysis treatment 
time. By increasing dialysis treatment time, HD patients 
become more tolerant of ultrafiltration, increase removal 
of uremic toxins, have less frequent intradialytic hypoten-
sive episodes, and gain better control of blood pressure. As 
a result, these processes may improve CV and all-cause 
mortality outcomes. Intradialytic hypotension can cause 
not only dialysis intolerance but also repeated myocardial 
ischemia and infarction [21] and these may contribute to 
the development of heart failure and higher mortality risk 
in MHD patients [22, 23]. Recently, several investigators 
reconfirmed the importance of treatment time in MHD pa-
tients. Miller et al. [24] examined associations of delivered 
HD dose and treatment time with survival in a cohort of 
88,153 US HD patients. Patients receiving a reported thrice-
weekly treatment time <3 h per HD session (vs. ≥3.5 h) was 
associated with higher death risk independent of HD dose. 
Flythe et al. [25] sought to further understand the relation-
ship of the components of UFR (namely IDWG and treat-
ment time) by examining the association each factor with 
mortality adjusted for the other factor, respectively. In 
14,643 prevalent US MHD patients with a median follow 
up time of 25 months, they reported that shorter dialysis 
session length (<240 min) was associated with higher all-
cause mortality (HR 1.32 [95% CI 1.03–1.69]) in models 
adjusted for IDWG. Similar to the aforementioned studies, 
we too observed that patients with the longest dialysis treat-
ment time had better survival, especially among the lower 
UFR groups. In addition, lower mortality risk was also ob-
served among patients with the largest ultrafiltration (≥1.7 
kg) and lowest UFR group. Though this group was a small 
proportion of our total cohort (<1%), they also had a rela-

tively long treatment time with a median of 4.0 h per ses-
sion, further adding to the notion that long treatment time 
may improve patient outcomes. Twardowski [26] stressed 
the importance of treatment time and UFR rather than 
small molecular clearance (Kt/Vurea) in assessing dialysis 
quality. In our study, associations between UFR and mor-
tality were similar across strata of single-pool Kt/V.

In addition, in our cohort, there was significant effect 
modification on the association between UFR and mor-
tality by weight, whereas higher UFR was more strongly 
associated with mortality outcomes in higher quintiles of 
body size. These results were consistent to those of prior 
studies [27]. Obese or higher weight patients may have 
greater underlying CV risk and thereby may be more vul-
nerable to complications associated with higher UFRs 
(i.e., intradialytic hypotension, myocardial stunning). 
Further studies are needed to understand the underlying 
pathophysiology contributing to the more potent effect of 
UFR on mortality in higher weight patients.

There are several limitations that need to be men-
tioned. Although we adjusted for demographics, comor-
bidities, and laboratory covariates, we cannot exclude the 
possibility of residual confounding due to the observa-
tional nature of this study. In addition, we cannot exclude 
the possibility of residual confounding as data on baseline 
residual renal function or volume status at the time of di-
alysis initiation were highly missing in the cohort, and 
thus we cannot adequately examine the relationship of 
UFR and mortality through adjusting for these factors. 
Despite these limitations, the strengths of our study in-
cludes the examination of a large, nationally representa-
tive cohort of 110,880 incident HD patients with uni-
formly measured laboratory data from a single laboratory 
facility and a long follow-up for up to 5 years. 

This observational study showed that higher UFR is 
independently associated with higher all-cause and CV 
mortalities in incident HD patients. Also, there were in-
cremental and almost linear associations between UFR 
and mortality irrespective of gender, race, age, urine vol-
ume, dialysis treatment time, ultrafiltration, and post-di-
alysis systolic BP categories. Further studies examining 
the effects of UFR at HD initiation are warranted. 
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