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Background—There is limited information about the clinical and prognostic significance of
patient-reported recovery time.

Study Design—Prospective cohort study.
Setting & Participants—6,040 patients in the DOPPS.

Predictor—Answer to question, “How long does it take you to recover from a dialysis session?”
categorized as follows: <2, 2-6, 7-12, or >12 hours.

Outcomes & Measurements—Cross-sectional and longitudinal associations between recovery
time and patient characteristics, hemodialysis treatment variables, health-related quality of life
(HRQoL) and hospitalization and mortality.

Results—32% reported recovery time <2 hours; 41%, 2-6 hours; 17%, 7-12 hours; and 10%,
>12 hours. Using proportional odds (ordinal) logistic regression, shorter recovery time was
associated with male sex, full-time employment, and higher serum albumin. Longer recovery time
was associated with older age, dialysis vintage, body mass index, diabetes, and psychiatric
disorder. Greater intradialytic weight loss, longer dialysis session length, and lower dialysate
sodium concentration were associated with longer recovery time. In facilities that used uniform
dialysate sodium concentration for 290% of patients, the adjusted OR of longer recovery time,
comparing dialysate sodium concentration <140 vs 140 mEq/L, was 1.72 (95% Cl, 1.37-2.16).
Recovery time was positively correlated with symptoms of kidney failure and kidney disease
burden score, and inversely correlated with HRQoL mental and physical component summary
scores. Using Cox regression, adjusting for potential confounders not influenced by recovery time,
it was positively associated with first hospitalization and mortality (adjusted HRs for recovery
time >12 vs. 2-6 hours of 1.22 [95% Cl, 1.09-1.37] and 1.47 [95% CI, 1.19-1.83], respectively).

Limitations—Answers are subjective and not supported by physiological measurements.

Conclusions—Recovery time can be used to identify patients with poorer HRQoL and higher
risks of hospitalization and mortality. Interventions to reduce recovery time and possibly to
improve clinical outcomes, such as increasing dialysate sodium concentration, need to be tested in
randomized trials.

Keywords
hemodialysis; DOPPS; quality of life; patient reported; outcomes

End-stage renal disease (ESRD) and dialysis have major impacts on health-related quality of
life (HRQOL) 1 which, in turn, predicts hospitalization and mortality 2. There is little
evidence about how recovery after a dialysis session affects HRQOL or how hemodialysis
can be modified to shorten it.

The question, “How long does it take you to recover from a dialysis session?” has been
validated in 46 Canadian patients 3. Reported recovery time (RT) was correlated with
HRQOL (more strongly with the physical than the mental component), was stable over three
months, and had high test-retest correlation. Patients changing to daily or nocturnal dialysis
reported a reduction in RT.
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We have studied the recovery time question in a large, representative sample of
hemodialysis patients from 12 countries who received treatments thrice weekly. We
examined: 1) how reported RT correlates with other measures of health status; and 2)
whether reported RT predicts hospitalization and mortality. We also examined the
associations of reported RT with patient characteristics and treatment variables.

METHODS

Study Population

Data were from Phase 4 (2009-2011) of the Dialysis Outcomes and Practice Patterns Study
(DOPPS), a prospective cohort study of a random sample of hemodialysis patients from
stratified random samples of hemodialysis facilities in 12 countries: Australia, Belgium,
Canada, France, Germany, Japan, Italy, New Zealand, Spain, Sweden, the United Kingdom,
and the United States. The DOPPS study design and sampling scheme have been previously
published?: .

Measurement of Recovery Time and Other Patient Characteristics

Patient demographics, comorbid conditions, dialysis prescription, medications, laboratory
measurements, hospitalizations, and deaths (including cause, if known) were collected by
chart abstraction or electronic medical record download at study entry and every four
months thereafter 4 6. Time of day of dialysis was not collected. Patient-reported data were
collected at study entry and annually thereafter. For this analysis, patient demographics,
vascular access, and comorbidities reflect information at the patient’s start of the study.
Other patient covariates such as laboratory measurements and hemodialysis treatment
variables reflect information from the 4-month interval closest to when the patient
questionnaire was completed. Informed patient consent was obtained.

The previously validated question, “How long does it take you to recover from a dialysis
session?” was included in a patient questionnaire in 2010. As in the original description 3,
the question was not linked to a phase of the dialysis routine. Four answer categories were
offered: <2, 2-6, 7-12, and >12 hours. Other patient-reported data were collected on the
same questionnaire or at study entry.

The HRQOL was measured using the Kidney Disease Quality of Life 36 (KDQOL-36) short
form. Scores for the physical component summary (PCS) and mental component summary
(MCS) were calculated for patients answering all subscale questions (from the 36-Item Short
Form Healthy Survey [SF-36], which is the core of the KDQOL-36). Scores for the effects
of kidney disease and kidney disease burden subscales in the KDQOL-36 may vary from 0
to 100; higher scores indicate lower burden, i.e., better HRQoL. Because of the weighting
used, the PCS scores ranged from 10 to 66 and MCS scores from 18 to 74 points . Physical
activity levels were measured with the Rapid Assessment of Physical Activity (RAPA) &;
higher scores indicate greater activity.
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Statistical Methods

Descriptive statistics were used to examine the means and proportions for demographics,
health status and dialysis treatment variables, and patient-reported outcomes by categories of
reported RT. Patients not receiving three-times-weekly dialysis or missing reported RTs
were excluded from this analysis (n = 820 [12%]).

Proportional odds logistic regression models based on generalized estimating equations
(GEEs) were used to identify characteristics associated cross-sectionally with reported RT
treated as a 4-category ordinal outcome variable. To account for clustering within facilities,
an independent working correlation was assumed. The proportional odds model estimates an
adjusted common odds ratio (OR) for each predictor across all cutpoints of the ordered RT
categories (i.e., <2 hours vs. =2 hours; <6 hours vs. =7 hours; and <12 hours vs. >12 hours).
The proportional odds assumption was verified using a score test. Models included the
following covariates: country, race (US black versus US other races), age, male, 14
summary comorbidities (coronary artery disease, congestive heart failure, other
cardiovascular disease, cerebrovascular disease, cancer other than skin, diabetes,
gastrointestinal bleed in the past 12 months, HIV, hypertension, lung disease, neurologic
disorder, peripheral vascular disease, psychiatric disorder, and recurrent cellulitis/gangrene),
full-time employment, dialysis vintage in years, body mass index (BMI), hemodialysis
catheter use, albumin level, hemoglobin level, hemodiafiltration, intradialytic weight loss
(IDWL), dialysate sodium concentration (DNa) prescription, change in systolic blood
pressure (pre — post dialysis), dialysis session length, single-pool Kt/V, ultrafiltration rate,
and prescribed blood flow rate.

For the analysis of DNa as a predictor of reported RT, patients with DNa = 125-155 mEq/L
were included unless dialyzing against variable DNa concentrations (sodium modeling/
profiling, 10%).

Spearman correlations were calculated to examine how reported RT varied with other
measures (construct validity). To facilitate comparisons to the previous study 3, Pearson
correlations were calculated as a sensitivity analysis. Mixed-effects linear regressions were
used to confirm the monotonic association between MCS and PCS scores and reported RT.
These models adjusted for country, race (US black only), sex, age, BMI, dialysis vintage in
years, and 14 summary comorbidities.

Cox regression was used to estimate the crude and adjusted effects of reported RT on all-
cause mortality and first hospitalization, stratified by country and using the robust
“sandwich” variance estimator to account for facility clustering. Time at risk was defined as
the time from the patient’s completion of the RT questionnaire to the outcome event (death
or first hospitalization) or censoring (withdrawal from the study or end of follow-up). Model
estimates were calculated for two levels of progressive adjustment: model 1) potential
confounders (i.e., can predict RT—country, race [US-black only], dialysis vintage, age,
BMI, sex, catheter use, and 14 summary comorbidities); and model 2) model 1 plus
covariates that could be either potential confounders or potential mediators (i.e., could be
predicted by RT—activities of daily living count, RAPA score, full-time employment,
pruritus severity, depression severity, and sleep problems). The 2- to 6-hours category of
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reported RT included the largest number of patients and was used as the reference. A linear
trend test was done by recoding the categories as a single interval variable (coded 2, 4, 9,
and 12 hours) in the Cox model. The proportional hazards assumption was verified for all
models.

To control for ascertainment differences among US comorbidity data sources, comorbidity-
by—data source product terms were included in models using comorbidity data.

Data manipulations and statistical analyses were performed using SAS 9.2 (SAS Institute
Inc., Cary, NC)°.

Descriptive Analysis

There were 6,860 patients who returned the questionnaire; 6,513 (95%) answered the RT
question and 5,427 (79%) answered all relevant SF-36 subscale questions in the KDQOL-36
(allowing MCS and PCS scores to be calculated).

Table 1 provides the distribution of reported RTs; Figure S1 (provided as online
supplementary material) shows the distributions by country. Sixty-eight percent of patients
reported a RT of at least 2 hours; 10% reported RT longer than 12 hours. Italy had the
highest percentage of patients reporting RT >6 hours (39%); Japan, the lowest (18%).

Associations With Patient Demographic and Health Status Variables

The following were associated with a patient reporting a longer RT (i.e., being in a higher
RT category): age (adjusted OR [AORY], 1.03 per 5 years; 95% confidence interval [CI],
1.01-1.06), dialysis vintage (AOR, 1.02 per year; 95% CI, 1.01-1.03), BMI (AOR, 1.07 per
5 units BMI higher; 95% Cl, 1.02-1.12), diabetes (AOR, 1.14; 95% Cl, 1.02-1.27), and
psychiatric disorders (AOR, 1.39; 95% Cl, 1.20-1.62). The following were associated with a
patient reporting a shorter RT: male sex (AOR, 0.86; 95% ClI, 0.77-0.97), full-time
employment (AOR, 0.73; 95% ClI, 0.59-0.91), and serum albumin level (AOR, 0.89 per 0.5
g/dl; 95% ClI, 0.83-0.95) (Table 2). Note that proportional ORs can be interpreted at any
cutpoint of ordered RT categories; i.e., <2 hours vs. =2 hours, <6 hours vs. =7 hours, or <12
hours vs. >12 hours.

Associations With Dialysis-Related Treatment Variables

The following treatment variables were associated with a patient reporting a longer RT:
greater IDWL (AOR, 1.04 per percent higher; 95% CI, 1.00-1.08) and longer dialysis
session duration (AOR, 1.05 per 30 minutes longer; 95% CI, 1.00-1.10). Both slow and fast
ultrafiltration (UF) rate (<5 and >15 mL/min, respectively) were associated with a patient
reporting a shorter RT compared with an UF rate of 5-15 mL/min (AORs of 0.86 [95% Cl,
0.75-0.99] and 0.73 [95% CI, 0.61-0.87], respectively, in models excluding session length
and IDWL). Separate analyses of UF rate expressed as mL/h/kg and among patients without
residual kidney function and ESRD >1 year yielded similar U-shaped associations.
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Prescription of a dialysate sodium concentration of <140 versus equal to 140 mEg/L was
associated with a longer reported RT (AOR, 1.34; 95% Cl, 1.11-1.61; Table 2). Additional
adjustment for serum sodium did not significantly affect this association (AOR, 1.33; 95%
Cl, 1.11-1.59). Fifty-nine percent of DNa values <140mEg/L were exactly 138 mEg/L. A
consistent association was seen specifically for DNa of 138 versus 140 mEg/L (AOR, 1.37;
95% ClI, 1.11-1.70). The association of a longer reported RT with DNa of <140 vs. 140
mEg/L was stronger in facilities that used a single DNa for 290% of patients, i.e., ‘non-
individualized” DNa facilities (AOR, 1.72; 95% Cl, 1.37-2.16; p for interaction between
DNa and type of facility [individualized or non-individualized] = 0.01; n = 3,181) (Figure
1).

In ‘non-individualized’ facilities, patients treated with DNa<140 mEg/L had MCS and PCS
scores that were respectively 1.2 (95% CI, -3.0 t0 0.7) and 1.1 (95% CI, —2.5 to 0.3) points
lower than patients treated with DNa equal to 140 mEqg/L. Patients with DNa<140 mEq/L
had a kidney disease burden score 1.4 (95% CI, =5.2 to 2.5) points lower than patients
treated with DNa equal to 140 mEq/L, indicating a higher perceived burden of disease.

Dialysate potassium and bicarbonate concentrations were not associated with reported RT
(dialysate potassium of 1-1.5 versus > 3 mEg/L: AOR, 1.05 [95% ClI, 0.82-1.35]; dialysate
potassium of 2 versus > 3 mEg/L: AOR, 1.06 [95% CI, 0.90-1.25]; dialysate bicarbonate™:
AOR per 3-mEg/L increase, 1.01 [95% CI, 0.94-1.08]).

Associations With Patient-Reported Variables

Patients in longer reported RT categories tended to report symptoms related to kidney
failure, including pruritus (Spearman correlation [r] = 0.12), cramping (r = 0.15), trouble
falling asleep (r = 0.16), and feeling depressed (r = 0.22) (Table 3). Patients reporting fewer
activities of daily living (r = —0.27) and scoring lower on the RAPA scale (aerobic) (r =
-0.18) tended to report a longer RT. Reported RT was inversely correlated with KDQOL-36
measures: kidney disease burden score (r = —0.26), effects of kidney disease (r = —-0.31),
MCS score (r =—0.33), PCS score (r = -0.37), and subscales (r = —0.29 to —0.38). Nearly
identical results were obtained when using Pearson correlations.

The association of RT with MCS and PCS scores followed a dose-dependent pattern and
remained after adjustment (Figure S2). Compared to patients who reported a RT of 2-6
hours, mean MCS scores were 4.9 points higher for RTs of < 2 hours, 2.4 points lower for
RTs of 7-12 hours, and 6.2 points lower for RTs of >12 hours. Mean PCS scores were 4.6
points higher, 2.9 points lower, and 4.7 points lower, respectively.

Associations With Morbidity and Mortality

Median follow-up time in the study was 16 (range, 0-31; mean, 15) months. Hospitalization
events were recorded for 3,119 patients (52%), and 826 patients (14%) died.

After adjustment for demographic and comorbid factors, patient-reported RT was positively
and monotonically associated with the rates of first hospitalization (adjusted hazard ratio
[AHR] per additional hour of RT, 1.03; 95% CI, 1.02-1.04) and all-cause mortality (AHR,
1.05; 95% Cl, 1.03-1.07) (Table 4, model 1). These associations were attenuated slightly
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after further adjustment for patient-reported symptoms (AHRs for first hospitalization and
for mortality were 1.02 and 1.03, respectively; both p<0. 01; Table 4, model 2).

DISCUSSION

Following a hemodialysis treatment, many patients describe feeling tired and in need of a
rest or sleep. In this international population receiving unit-based three-times-weekly
hemodialysis, 68% of patients reported taking more than 2 hours to recover from a dialysis
session, and 27% more than 6 hours. Reported RT was more likely to be longer if patients
were older, female, or had a higher BMI, diabetes, or a psychiatric disorder. Patients who
suffered symptoms of kidney failure such as itching 10, cramping, sleep disturbance 11, or
depression 12: 13 were more likely to report a longer RT.

The pathophysiology of the recovery process is incompletely understood. Hemodialysis
causes salt and water to flow between body fluid compartments, osmotic imbalances
between extra- and intracellular fluid and across the blood—brain barrier, and the transport of
electrolytes across cell membranes. These changes may be greater after a stressful dialysis
session, leading to slower recovery. In addition, patients who are less able to withstand the
stress may experience symptoms longer. The symptoms may be related to cumulative effects
of kidney failure and/or hemodialysis treatments as the likelihood of a long reported RT
increased with the duration of kidney failure and dialysis vintage.

We investigated whether recovery time may be modified by alterations to the hemodialysis
regimen. Reported RT was minimally associated with the use of hemofiltration/
hemodiafiltration or with small solute clearance (Kt/V). Longer reported RT was associated
with higher intradialytic weight loss. However, it showed a U-shaped association with the
rate of fluid removal (ultrafiltration). The associations of low IDWL and slow UF rates with
shorter reported RT are as expected; recovery may be quicker after treatments in which fluid
shifts are slower and of smaller volume. Although patients who have maintained urine
output are more likely to have lower IDWL and slow UF rates, the U-shaped association
remained after adjusting for residual kidney function.

The associations of fast UF rates and shorter dialysis session time with shorter reported RT

are surprising. Patients who recover slowly after treatments with a fast UF rate may adopt a
lower salt and fluid intake and increased session time, selectively leaving those who recover
quickly in the faster UF rate category.

Intradialytic weight loss is modestly lower in patients prescribed a lower dialysate sodium
concentration4. However, after adjusting for IDWL, lower dialysate sodium concentration
(DNa <140 mEg/L) was associated with a longer reported RT. The association was stronger
in those facilities that did not modify the DNa 14. Patients in these facilities are quasi-
randomized to receive the DNa used by the dialysis facility. Thus, restricting the analysis to
these facilities reduces confounding by indication.

In the 1970s, the conventional dialysate sodium prescription increased to reduce dialysis
disequilibrium syndrome caused by osmotic shifts across the blood-brain barrier 15, Our
finding that lower DNa is associated with a longer reported RT suggests that symptoms
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during recovery may be partly a manifestation of disequilibrium. As higher DNa is not
associated with an increase in hospitalization or mortality 14, a controlled trial of the effect
of higher versus lower DNa on recovery after dialysis and on quality of life can be justified.

Two other interventions may be considered for patients reporting long RTs. First, increasing
the frequency of HD sessions to between 5 and 7 times per week has been shown to reduce
total weekly reported RT, increase quality of life, and reduce depression 16. Second,
changing to peritoneal dialysis (PD) will remove the post-dialysis recovery period. Quality
of life has been shown to be higher on PD than on hemodialysis in some patient groups,
such as the elderly 17.

The RT question is simple to incorporate into clinical practice and can be used as a guide to
a patient’s quality of life. Nearly all patients were able to give a response to the question. In
contrast, even after giving informed consent, only 79% of patients answered all the
questions required to calculate a summary score for mental and physical quality of life. The
strength of the correlation with the PCS score of the KDQOL-36™ was similar to that
reported previously 3 (=0.37 versus —0.341, respectively); the correlation with the MCS
score was stronger (—0.33 versus —0.155, respectively). This strengthens the validity of the
RT question as a guide to quality of life.

The RT question can also be used as a predictor of subsequent outcomes. For example, after
adjustment for potential confounders, patients reporting a RT greater than 12 hours had a
22% higher rate of first hospitalization and a 47% higher mortality rate than patients
reporting a RT between 2 and 6 hours.

The associations of reported RT with hospitalization and mortality were attenuated when
adjusting for covariates (Table 4). The additional covariates may be intermediate variables
in the causal pathways between recovery from dialysis and the two outcomes. Those results
may reflect over-adjustment rather than, or in addition to, the control of confounders.
Nonetheless, reported RT seems to capture important prognostic information that is not
captured in any single variable.

Recovery time has a significant impact on patients and may be affected by modifiable
aspects of the treatment regimen. Hence, the RT question potentially could be used as an
audit measure of the quality of hemodialysis treatment. Further intervention studies are
needed to provide evidence of how to reduce the length of recovery time and hence improve
the quality of treatment in a dialysis unit.

The following weaknesses and limitations to this study should be considered. As in any
observational study, unmeasured confounding or other sources may bias the observed
associations. We cannot assign causal interpretations to estimates from cross-sectional
analyses, such as the association between reported RT and patient-reported depression.
Although temporal directionality might be assumed for longitudinal associations between
reported RT and subsequent hospitalization or mortality, the use of time-independent
predictors may not fully eliminate bias due to time-dependent confounding.

Am J Kidney Dis. Author manuscript; available in PMC 2015 July 01.
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Patients were given no prompts on how to interpret the RT question, reflecting how it was
originally validated 3. This may lead to variation in interpretation of the question between
patients and countries. The question was asked once and responses may have varied over

time, affecting the strength of associations.

A categorical choice of answers was offered to make the question easier to answer. The
relative benefits of requesting an answer to the question as a time in minutes or as one of
four categories require further investigation.

Patients who sleep soon after finishing dialysis may include time spent asleep in their
reported RT. We did not capture the time of day of dialysis to study this possibility.

Recovery may be slower after periods of hemodynamic instability. While blood pressure
before and after dialysis was recorded, hypotension during dialysis and use of fluid boluses
were not. Data on the number of treatments missed by patients were not collected at the time
of the RT questionnaire.

This is not a study of the pathophysiology of recovery after dialysis. Answers to the RT
question are subjective and not supported by objective physiological measurements.
Intervention studies measuring the effect of the dialysis prescription on recovery after
dialysis are warranted.

Patients who were excluded from the study because they did not complete the patient
questionnaire were more likely to be black, use a catheter for vascular access, and have
greater comorbidity burdens. The impact of recovery time when generalized to other HD
patients may be different than reported in this analysis.

For patients making the decision of whether to start hemodialysis, it would be useful to offer
a prediction of their length of recovery time. As the majority of patients in this study were
already established on hemodialysis, a further study of recovery time in incident
hemodialysis patients is needed to provide a reliable prediction.

In conclusion, there is wide variation in the time it takes for patients to recover following a
dialysis session. The question, “How long does it take you to recover from a dialysis
session?” is a simple and meaningful self-reported measure that can be included in the
clinical assessment of hemodialysis patients and possibly used as an audit measure of the
quality of dialysis treatment. It helps identify patients with poorer HRQoL and higher risk of
hospitalization and mortality. Interventions to reduce recovery time and possibly to improve
clinical outcomes, such as increasing dialysate sodium concentration, need to be tested in
randomized studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Odds Ratio (95% Cl)
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Figure 1.

Odds Ratios (with 95% CI) of longer reported recovery time in three categories of dialysate
sodium concentration (DNa) among facilities in which = 90% of patients used the same DNa
(‘non-individualized’ facilities).

N=3,181 patients. “Demographic adjustments” includes country, race (US-black only), ears
on dialysis, age, BMI, sex, and 14 summary comorbidities. “Health status and treatment
adjustments” includes demographic adjustments plus full-time employment, dialysis session
length, intradialytic weight loss, catheter use, serum albumin, hemoglobin, use of
hemodiafiltration, blood flow rate, single pool K/tV, and A(pre-post) systolic blood pressure.
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Estimated ORs for associations of patient-level variables and HD treatment variables with patient-reported

recovery time

Characteristic

Model 1*

Model 2**

Age, per 5-y older

1.05 (1.03-1.07)

1.03 (1.01-1.06)

Male sex, vs female sex

0.83 (0.75-0.92)

0.86 (0.77-0.97)

Dialysis vintage, per 1-y longer

1.02 (1.01-1.03)

1.02 (1.01-1.03)

BMI, per 5-kg/m? higher

1.08 (1.03-1.13)

1.07 (1.02-1.12)

Diabetes, vs no

1.19 (1.08-1.31)

1.14 (1.02-1.27)

Psychiatric disorder, vs no

1.47 (1.28-1.70)

1.39 (1.20-1.62)

Full-time employment, vs no

0.66 (0.53-0.81)

0.73 (0.59-0.91)

Catheter, vs fistula/graft

1.16 (1.02-1.32)

1.13 (0.99-1.29)

Albumin, per 1-g/dL higher

0.87 (0.81-0.93)

0.89 (0.83-0.95)

Hemoglobin, per 1-g/dL higher

0.99 (0.95-1.04)

1.01 (0.97-1.06)

Hemodiafiltration, vs standard HD

1.08 (0.87-1.35)

1.09 (0.88-1.35)

Intradialytic weight loss, per 1% higher

1.05 (1.02-1.09)

1.04 (1.00-1.08)

Dialysate sodium, vs 140 mEq/L

<140 mEg/L

1.28 (1.07-1.53)

1.34 (1.11-1.61)

>140 mEq/L

1.08 (0.90-1.30)

1.06 (0.89-1.27)

HD session length, per 30-min longer

1.06 (1.01-1.11)

1.05 (1.00-1.10)

ASBP, per 10-mm Hg greater

1.00 (0.98-1.03)

1.00 (0.98-1.03)

Single-pool Kt/V, per 0.1 higher

1.01 (0.99-1.03)

1.00 (0.98-1.02)

Blood flow rate, per 20-mL/min higher

0.98 (0.96-1.01)

0.99 (0.97-1.01)

Ultrafiltration rate, vs 5-15 mL/min2

<5 mL/min

0.85 (0.74-0.97)

0.86 (0.75-0.99)

>15 mL/min

0.75 (0.63-0.90)

0.73 (0.61-0.87)

Note: Values are given as OR (95% confidence interval). Proportional ORs above (below) 1.0 indicate an increased propensity to report longer

(shorter) recovery time category; i.e. <2 hvs. 22 h, <6 h vs. 27 h, or €12 h vs. >12 h.

BMI, body mass index; SBP, systolic blood pressure; OR, odds ratio; spKt/V, single-pool Kt/V; HD, hemodialysis

*
Model 1: adjusted for country and race (US black only), age, male sex, dialysis vintage, and BMI and accounting for facility clustering.

*%

Model 2: Model 1 adjustments plus 14 summary comorbidities, full-time employment, catheter use, aloumin, hemoglobin, hemodiafiltration use,

intradialytic weight loss, dialysate sodium, session length, ASBP, blood flow rate, and sKt/V.

a_ . . . . . L . N
Estimated OR from a separate model excluding adjustments for session length and intradialytic weight loss due to collinearity.
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