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Abstract
Background: Intradialytic increases in blood pressure (BP) can complicate the management of
hypertension in hemodialysis (HD) patients but the long-term consequences are uncertain. Thus, we
sought to determine if BP elevations during HD were associated with higher 2-year mortality among
incident HD patients.

Study Design: Secondary analysis of a prospective dialysis cohort.

Setting and Participants: Incident hemodialysis patients in the Dialysis Morbidity and Mortality
Wave 2 Study.

Predictors: Changes in systolic BP (SBP) during hemodialysis (ie, postdialysis SBP–predialysis
SBP), averaged from 3 hemodialysis sessions prior to enrollment.

Outcome: Time to 2-year all-cause mortality.

Measurements: Cox regression was used to model hazard ratios for mortality associated with
changes in SBP during HD, while adjusting for demographics, comorbid conditions, interdialytic
weight gain, laboratory variables, and antihypertensive agents.

Results: Of 1,748 patients, 12.2% exhibited >10mmHg increases in SBP during HD. In adjusted
analyses, every 10mmHg increase in SBP during HD was independently associated with a 6%
increased hazard of death (HR 1.06, CI 1.01-1.11). When also adjusted for diastolic BP and
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postdialysis SBP, the adjusted hazard of death associated with increasing SBP during HD remained
significant (HR 1.12, CI 1.05-1.21, per 10mmHg increase in ΔSBP during HD). However, in analyses
adjusted for predialysis SBP, there was a significant interaction between change in SBP and
predialysis SBP. In analyses stratified by predialysis SBP, trends for an increased mortality associated
with increasing SBP during dialysis were present in patients with predialysis SBP <160mmHg,
however, this relationship was only significant in patients with predialysis SBP <120mmHg.

Limitations: Secondary analysis with a limited number of baseline BP measurements and limited
information on dialysis prescription.

Conclusions: Increasing SBP >10mmHg during hemodialysis occurs in ∼10% of incident patients
and while increasing systolic BP during HD was associated with decreased 2-year survival, these
findings were limited to patients with predialysis systolic BP <120 mmHg.

Keywords
blood pressure; end-stage renal disease; epidemiology and outcomes; hemodialysis; hypertension;
mortality

INTRODUCTION
While hemodialysis (HD) lowers blood pressure in most hypertensive patients, in some it
causes intradialytic hypotension and in others it may result in intradialytic increases in blood
pressure (BP). While intradialytic hypotension is a common well-recognized complication of
HD associated with adverse outcomes(1), intradialytic increases in BP can occur in up to 15%
of prevalent HD patients and is also associated with adverse short-term outcomes.(2,3)
However, the prevalence of intradialytic BP increases in incident patients is unknown and the
clinical consequences have yet to be defined.

While the long-term consequences of intradialytic increases in blood pressure are uncertain,
recent investigations into its pathophysiology have demonstrated that patients with blood
pressure elevations during HD have elevated peripheral vascular resistance.(4,5) The elevated
peripheral vascular resistance associated with intradialytic increases in BP occurs independent
of the renin-angiotensin system and sympathetic hormones and appears related to abnormal
elevations in post-dialysis endothelin-1 (a vasoconstrictor) relative to nitric oxide (a
vasodilator).(4) Considering endothelin-1 and nitric oxide are endothelial derived blood
pressure mediators, abnormalities in these substances (as evidenced in patients with
intradialytic increases in BP) may suggest underlying endothelial cell dysfunction, a condition
that is associated with detrimental cardiovascular outcomes among dialysis patients.(6,7)
These proposed mechanisms suggest that patients with intradialytic increases in BP may have
an increased risk for mortality.

In a cohort of prevalent HD patients, we recently demonstrated that systolic BP elevations of
>10 mmHg with HD are associated with increased 6-month hospitalization and mortality.(3)
However, the long-term consequences of intradialytic increases in BP remain to be determined.
Therefore based on our previous work in prevalent HD patients, we hypothesize that a > 10
mmHg increase in blood pressure during HD is associated with increased 2-year mortality risk
in a cohort of incident dialysis patients.

METHODS
Study Design

This study is a secondary analysis of a prospective cohort of incident dialysis patients enrolled
in the Dialysis Morbidity and Mortality Study (DMMS) Wave 2.
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Setting
All incident peritoneal dialysis (PD) and a 20% random sample of incident HD patients starting
dialysis during the years 1996 and 1997 in the United States were enrolled into the DMMS
cohort. Entry into the cohort began 60 days after dialysis initiation at which time demographics,
comorbid conditions, clinical variables, laboratory measurements, and medications were
recorded by trained health professionals through chart abstraction and patient interviews.(8)

Participants
Patients with invalid or duplicate US Renal Data System (USRDS) numbers, whose dialysis
initiation date was not between 1996 and 1997, or who were undergoing PD were excluded
from this analysis, leaving 1,820 incident HD patients at study entry eligible for inclusion. In
addition, we excluded those with missing systolic BP (SBP; n=59) or diastolic BP (DBP; n=8)
or those who died within the first 60 days of dialysis initiation (n=5). Thus, the final study
cohort consisted of 1,748 (out of 1,820) incident HD patients.

Variables
Blood pressure measurements were collected as part of routine clinical care and the 3 most
recent dialysis session BP measurements (sitting pre and post HD SBP and DBP) prior to the
study start date were averaged. All patients included in this analysis had 12 BP parameters
available (pre and postdialysis SBP and DBP for the last 3 dialysis sessions). The difference
between pre- and postdialysis BP (ΔBP) was calculated as postdialysis minus predialysis BP.
Mean arterial pressure (MAP) was defined as [(2 × diastolic BP) + systolic BP]/3. Pulse
pressure (PP) was defined as SBP – DBP. For descriptive purposes, patients were categorized
into 3 groups based on ΔBP (3 each for systolic BP, PP and MAP): 1) BP increased >10 mmHg
from pre to postdialysis 2) BP unchanged, that is within the range of −10 mmHg to +10 mmHg,
and 3) BP decreased > 10 mmHg from pre to postdialysis.

Interdialytic weight gain (averaged from the 3 most recent dialysis sessions) was calculated as
the average change in weight between dialysis sessions. Percent interdialytic weight gain was
calculated as the average interdialytic weight gain divided by the postdialysis weight(9).
Tobacco use was defined as active or former tobacco use vs. nonsmoker or unknown. Coronary
artery disease was defined as myocardial infarction, coronary artery bypass grafting, prior
angioplasty, abnormal cardiac catheterization, or cardiac arrest. Cerebrovascular disease was
defined as prior stroke or transient ischemic attack. Peripheral vascular disease (PVD) was
defined as a diagnosis of PVD, an amputation due to PVD, absent foot pulses, or claudication.
Hypertension was defined per the National Kidney Foundation's Kidney Disease Outcomes
Quality Initiative[ND1] (KDOQI) as predialysis SBP>140 or postdialysis SBP ≥ 130 or
predialysis DBP≥ 90 or postdialysis DBP≥80)(10). Urea reduction ratio was defined as
predialysis – postdialysis serum urea nitrogen divided by predialysis serum urea nitrogen.
Antihypertensive medications were grouped into the following classes: angiotensin converting
enzyme (ACE) inhibitors or angiotensin receptor blockers (ARB), beta blockers (cardio
selective and nonselective), calcium channel blockers (dihydropyridine and
nondihydropryidine), clonidine, hydralazine, and nitrates.

The primary outcome was time to 2-year all-cause mortality. The follow-up time began at study
start date which was 60 days after dialysis initiation. Patients were censored on death, renal
transplant, or end of study period. Due to the known limitations in using USRDS data to classify
cause of death,(11) our primary analyses were performed assessing all-cause mortality, rather
than cause-specific mortality.
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Statistical Methods
The DMMS Wave 2 data was combined with the USRDS standard analytic files that contain
information on mortality and cause of death.

Continuous variables are presented as means and standard deviations unless otherwise noted.
Categorical variables are presented as proportions. ANOVA was used to compare normally
distributed continuous variables; otherwise the nonparametric Kruskal-Wallis test was used.
Chi square tests were used to compare categorical variables. For missing categorical data
(<5%), the condition was assumed to be absent similar to previous investigators;(12) for
missing continuous values (<5%) other than SBP or DBP, the variable was replaced with the
mean. For validation, analyses were also performed without imputation of missing continuous
values.

Kaplan Meier curves were used to describe unadjusted outcomes between patients stratified
by 10 mmHg changes in BP with HD. For descriptive purposes, cardiovascular-related cause
of death was compared among patients categorized by BP changes with HD. Cardiovascular-
related cause of death was ascertained from the ESRD Death Notification Form.

Adjusted comparisons of mortality were performed using Cox proportional hazards models
with ΔBP modeled as a continuous variable. Formal and graphical methods were used to test
for proportional hazards for continuous variables. When the relationship was found to be
nonlinear, appropriate data transformations were applied. All clinical and demographic
characteristics were eligible for inclusion in the final model (Table 1). Variables known to be
associated with clinical outcomes were forced in all models (age, diabetes mellitus, body mass
index, interdialytic weight gain, serum albumin, serum creatinine); other variables were
removed from the final model if they had a p-value of >0.1. To determine if other BP
measurements modified the magnitude of the relationship between ΔBP and mortality,
additional models were created which included the addition of other BP parameters and
significant interactions (P<0.05) between SBP and ΔSBP in the following manner: 1)
predialysis SBP, 2) postdialysis SBP, and 3) pre- and postdialysis DBP, 4) predialysis SBP
and pre and postdialysis DBP, and 5) postdialysis SBP and pre and postdialysis DBP. When
interactions were found to be present, a separate model was generated describing the
association between ΔBP and mortality across strata of the other BP parameter.

Separate analyses were conducted to explore the relationship between 2-year mortality and
ΔPP and ΔMAP. Separately, predialysis and postdialysis PP (13) and MAP were added to the
final models to determine if these BP parameters modified the relationship between ΔBP and
mortality. The results of these analyses are available in Item S1 (provided as supplementary
material available with this article at www.ajkd.org).

Sensitivity analyses that did not censor on the date of renal transplant were performed and these
results were identical to the main findings presented in this manuscript. Separate exploratory
analyses were performed to investigate whether the presence or absence of certain risk factors
modified the relationship between ΔSBP and 2-year mortality. For these analyses, interaction
terms of interest were individually added to the final model and included the following
interactions: ΔSBP × cardiac disease (defined as a history of coronary artery disease, peripheral
vascular disease, cerebrovascular disease, or congestive heart disease), ΔSBP × history of
congestive heart failure, ΔSBP × albumin<3.4 mg/dl, ΔSBP × body mass index <26 kg/m2,
and ΔSBP × interdialytic weight gain>5%.

All analyses were performed with SAS Eguide (version 4.1, Cary, NC). This study was
approved by the Duke Institutional Review Board and the UT Southwestern Institutional
Review Board.
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RESULTS
Participants and Descriptive Data

Of 1,748 incident HD patients, 213 (12.2%) exhibited >10 mmHg increases in systolic BP
(SBP) during HD (Table 1). Figure 1 depicts the distribution of changes in SBP during HD
across the cohort of patients. In general, patients with intradialytic increases in SBP had a lower
dry weight, a smaller body mass index, and lower interdialytic weight gain compared to patients
whose SBP was unchanged or fell with HD (p<0.001 for all). Patients with intradialytic
increases in SBP also had lower serum albumin, lower serum creatinine, and lower serum
phosphorus (p<0.05 for all). Further, patients whose SBP increased during HD were more
likely to be prescribed beta-blockers, calcium-channel blockers, clonidine, and nitrates. Results
were similar when values were not imputed (data not shown). Baseline characteristics of
patients categorized by changes in PP and MAP during HD are available in the online
supplementary material (Item S1).

Outcome Data
There were a total of 570 deaths during the 2-year follow-up and the remaining patients were
censored for transplantation (n=100) or study end (n=1,078). Two-year all-cause mortality was
32.6% overall and 37.0% among patients with intradialytic increases in SBP. The primary
cause of mortality in this cohort was cardiovascular-related, accounting for 58.9% of deaths
during the 2-year follow-up (Table 2). Among patients with >10 mmHg intradialytic increases
in SBP, cardiovascular-related mortality accounted for 62.0% of deaths during the 2-year
period.

Unadjusted mortality associated with ΔSBP
In unadjusted analyses, patients whose SBP increased >10 mmHg or was unchanged during
HD had lower survival compared to patients whose SBP decreased >10 mmHg during HD
(p=0.01) (Figure 2). In models with ΔSBP as a continuous variable, every 10 mmHg increase
in ΔSBP during HD was associated with an unadjusted 9% increased hazard ratio of death (HR
1.09, CI 1.04-1.15, p<0.001). Results were similar when patients were stratified by intradialytic
changes in PP and MAP (see Item S1).

Adjusted mortality associated with ΔSBP
Figure 3 (Model A) graphically demonstrates the association between predialysis SBP and
postdialysis SBP and 2-year mortality when analyzed together in fully adjusted models. In this
model, higher predialysis SBP was associated with a decreased hazard of death while
postdialysis SBP was not a mortality predictor. Figure 3 (Model B) demonstrates graphically
the relationship between increased SBP during HD and a higher hazard ratio of 2-year mortality
in analyses adjusted for confounders but not other BP parameters.

In the fully adjusted final model including predialysis SBP and ΔSBP (Table 3), increasing
SBP during HD remained associated with an increased hazard of death, however a significant
interaction was identified between predialysis SBP and ΔSBP during HD (p=0.02). Other
variables associated with an increased hazard of death included increasing age, lower body
mass index, history of peripheral vascular disease and congestive heart disease, and the use of
nitrates. History of hypertension was associated with decreased mortality as was increasing
serum albumin and increasing serum creatinine.

Table 4 shows the relationship between increasing systolic BP during HD and 2-year mortality
in adjusted models including other BP parameters. In models adjusted for ΔSBP during HD
and postdialysis systolic BP (Table 4: models 3 and 6), increasing SBP during HD remained
associated with an increased hazard ratio of death. There was no significant interaction between
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ΔSBP and postdialysis SBP (p=0.1). In models adjusted for increasing SBP during HD and
DBP (Table 4: models 4, 5, and 6), diastolic BP did not persist as an independent predictor of
mortality when also adjusted for SBP, but increasing SBP during HD remained as a significant
predictor of 2-year mortality.

Considering we identified a significant interaction between predialysis SBP and ΔSBP during
HD, the relationship between increasing SBP during HD and 2-year mortality was analyzed
across strata of predialysis SBP (Figure 4). In fully adjusted stratified analyses, trends for an
increased mortality associated with increasing SBP during dialysis were present in patients
with predialysis SBP <160 mmHg, however, this relationship was only significant in patients
with predialysis systolic BP <120 mmHg.

Models analyzing the relationship between changes in PP and MAP during HD and 2-year
mortality can be found in Item S1.

Sensitivity analyses
Considering the adverse association between increasing SBP during HD and 2-year mortality
was pronounced in patients with low-normal predialysis SBP, we explored whether the
presence or absence of other risk factors modified the relationship between increasing systolic
BP during HD and 2-year mortality. However, we found no significant interaction between
increasing SBP during HD and history of cardiovascular disease (p=0.4), history of congestive
heart failure (p=0.9), hypoalbuminemia (p=0.4), body mass index <26 kg/m2 (p=0.8), or
interdialytic weight gain >5% (p=0.8).

DISCUSSION
Intradialytic rise in BP is a known phenomenon of HD; however, this is the first study to identify
its association with adverse 2-year clinical outcomes. While clinicians often focus on
intradialytic hypotension and its complications, intradialytic increases in BP are often largely
ignored. Considering our investigation identified an intradialytic increase in SBP to be
associated with an increased hazard of death, particularly among patients with low predialysis
SBP, further investigation into the pathophysiology measured by this phenomenon and the
reason behind its association with adverse outcomes is warranted.

Previously, we demonstrated in a cohort of 438 prevalent HD patients that every 10 mmHg
increase in SBP during HD is associated with a 20% increased odds of death or hospitalization
at 6 months.(3) In our prior investigation, the adverse association between intradialytic
increases in SBP and short-term outcomes were most pronounced in prevalent patients with
KDOQI-defined hypertension. In our current investigation of incident HD patients, there was
a modest association between intradialytic increases in SBP and 2-year mortality; however,
these findings were limited to patients without predialysis hypertension. There are a number
of potential reasons for the different findings between our two studies. In prevalent dialysis
patients, those who exhibit intradialytic increases in SBP likely have an overall higher
hemodynamic burden. In fact, a recent study by Agarwal et al noted the use of intradialytic BP
recordings improved the diagnosis of hypertension as measured by ambulatory blood pressure
(ABP).(14) In addition, a study by Mendes et al noted that in patients with intradialytic BP
increases, the elevated postdialysis BP measurement was a better estimate of interdialytic BP
load (measured by ABP) than the low predialysis BP parameter.(15) Considering 2 recent meta-
analyses identified treatment of high BP to improve outcomes in prevalent HD patients (16,
17), the association between intradialytic increases in BP and poorer outcomes in prevalent
HD patients may reflect the adverse effects of a higher hemodynamic burden over time. In
incident dialysis patients, many of whom likely have not reached a target dry weight,
intradialytic increases in BP may be less of a measure of hemodynamic burden and more a
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marker of volume overload or underlying cardiac comorbidity. In 2 small investigations of
patients who exhibited intradialytic increases in BP and cardiac dilation on echocardiography,
volume removal with HD improved the patient's cardiac output resulting in increased BP during
HD.(18-20) Incident patients in our study with intradialytic BP elevations had a lower body
mass index, lower interdialytic weight gain, lower serum albumin, and lower serum creatinine
compared to patients without intradialytic BP elevations. Therefore, under recognized volume
overload and/or a reluctance to aggressively remove volume (resulting in inappropriately low
sodium solute removal) in patients with low albumin and low body mass may partially underlie
the adverse outcomes associated with intradialytic increases in BP in incident dialysis patients.
Alternatively, intradialytic increases in BP may purely be a marker of underlying
cardiomyopathy as patients with low-normal predialysis SBP exhibited the highest mortality
ratios associated with increasing SBP during HD; however, we did not identify a higher
prevalence of cardiac disease among patients with intradialytic BP increases.

While intradialytic BP elevations have been demonstrated to be due to volume overload and
dilated cardiomyopathy in select patients, more recent studies have suggested endothelial cell
dysfunction may contribute to the pathogenesis of intradialytic increases in BP. In 2 small
investigations, participants with intradialytic increases in BP (compared to control individuals)
exhibited inappropriately elevated postdialysis peripheral vascular resistance.(4,5) The
elevated peripheral vascular resistance was not associated with an increase in catecholamines
or renin but rather was associated with an imbalance of endothelin-1 (an endothelial derived
vasoconstrictor) to nitric oxide (an endothelial derived vasodilator). Thus, these 2 studies raise
the hypothesis that the pathophysiology of intradialytic increases in BP may be related to
underlying endothelial cell dysfunction. Endothelial cell dysfunction is a precursor to vascular
damage and is associated with an increased risk of future cardiovascular events.(6,21,22) In
our present investigation of patients with intradialytic BP elevations, the primary reported
cause of death was cardiovascular. Thus, underlying endothelial cell dysfunction may provide
a common mechanistic explanation behind the pathophysiology of intradialytic increases in
BP and its association with increased mortality risk.

While our investigation revealed unique associations between intradialytic BP elevations and
mortality, these results should be interpreted in the setting of limitations. First, as a retrospective
analysis, cause and effect cannot be determined and unmeasured or unknown confounders
cannot be accounted for. This analysis cannot determine if intradialytic BP is merely a marker
for severity of underlying disease. Second, this study is not able to identify pathophysiologic
mechanisms associated with intradialytic BP increases nor was data available to determine
specific dialytic techniques or intradialytic food intake which may have contributed to
intradialytic BP increases. Further, we lacked information on timing of antihypertensive
medication and the dose of erythropoietin which theoretically could lead to intradialytic BP
changes and contribute to adverse outcomes. Third, the BP parameters used in this analysis
were collected as part of routine clinical care and non-standardized BP parameters are less
predictive of end-organ damage compared to standardized BP measurements or ambulatory
BP.(23,24) Finally, regression to the mean is more likely to occur in patients with extremes of
systolic BP and measurement error may have contributed to our findings of intradialytic BP
changes being associated with adverse outcomes. In addition, we used BP measurements from
only 3 HD sessions to define intradialytic increases in BP which does not account for changes
in BP over time.

In summary, among incident HD patients, we have identified increasing systolic BP during
HD to be associated with poorer 2-year survival; however, these findings are limited to patients
with normal predialysis systolic BP. Whether an intradialytic increase in systolic BP in incident
dialysis patients is simply a marker of volume overload or comorbid illness or is an independent
modifiable risk factor remains to be determined.

Inrig et al. Page 7

Am J Kidney Dis. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Distribution of change in systolic blood pressure during hemodialysis among 1,748 incident
hemodialysis patients in the Dialysis Morbidity and Mortality Wave 2 Study
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Figure 2.
Kaplan Meier survival curves of time to death over 2-years among a national cohort of incident
hemodialysis patients stratified by changes in systolic blood pressure during hemodialysis
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Figure 3.
Bar plots of adjusted hazard ratios (95% confidence intervals) for death associated with
predialysis and postdialysis systolic blood pressure (SBP) analyzed together and ΔSBP
analyzed alone. Model A: higher predialysis SBP was associated with a decreased hazard of
2-year mortality (HR 0.90 per 10 mmHg, CI 0.85-0.95, p<0.001) while postdialysis SBP was
not associated with mortality (HR 1.01 per 10 mmHg, CI 0.96-1.07, p=0.1). Model B: higher
ΔSBP was associated with an increased hazard of 2-year mortality (HR 1.06 per 10 mmHg,
CI 1.01-1.12, p=0.03).
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*Models are also adjusted for age, body mass index<26 kg/m2, interdialytic weight gain >5%,
diabetes mellitus, hypertension, peripheral vascular disease, congestive heart disease, coronary
artery disease, serum albumin, creatinine, phosphorus, and the use of nitrates.
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Figure 4.
Adjusted × hazard ratio for mortality associated with ΔSBP across strata of predialysis SBP.
*model also adjusted for age, body mass index<26 kg/m2, interdialytic weight gain >5%,
predialysis SBP, pre and postdialysis DBP, diabetes mellitus, hypertension, peripheral vascular
disease, congestive heart disease, coronary artery disease, serum albumin, creatinine,
phosphorus, and the use of nitrates. Abbreviation: SBP, systolic blood pressure; DBP, diastolic
blood pressure.
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Table 1

Baseline Characteristics of Incident Hemodialysis Patients in the DMMS Wave 2 as categorized by Systolic
Blood Pressure Changes during Hemodialysis

Variable SBP
decreased
>10 mmHg
during HD
(n=744)

SBP
unchanged ±10
mmHg during
HD
(n=791)

SBP increased >10
mmHg during HD
(n=213)

P-value

Age (years, mean ±SD) 61.0 ± 14.8 61.8 ± 16.0 62.0 ± 15.5 0.5
Diabetes as primary cause of ESRD (%) 45.8 39.7 45.1 0.2
Hispanic ethnicity (%) 10.2 12.9 8.9 0.1
African American Race (%) 35.4 32.1 34.3 0.8
Male sex (%) 54.4 53.1 47.0 0.2
Tobacco use (%) 42.2 43.1 44.1 0.9
Dry weight (kg, mean ±SD) 75.0 ± 20.0 70.8 ± 19.1 68.3 ± 17.8 <0.001
Body Mass Index (kg/m2) 25.6 (17.9,

39.2)
24.0 (17.3,
37.8)

23.4 (17.0, 33.6) <0.001*

IDWG (%, ±SD) 3.33 ± 1.73 3.05 ± 1.81 2.74 ± 2.13 <0.001
Average dialysis session duration (hours) 3.43 ± 0.55 3.37 ± 0.53 3.42 ± 0.53 0.2
Baseline comorbidities (%)
     Diabetes mellitus 51.6 47.3 52.6 0.2
     Coronary artery disease 21.5 24.4 23.0 0.4
     Cerebrovascular disease 11.7 15.2 10.8 0.07
     Congestive heart failure 35.2 39.1 40.4 0.2
     Peripheral vascular disease 18.8 19.2 23.5 0.3
Blood Pressure (mmHg)
     Predialysis systolic 159.1 ± 19.3144.9 ± 20.3 143.2 ± 20.6 <0.001
     Predialysis diastolic 81.5 ± 11.7 75.9 ± 12.3 76.3 ± 12.6 <0.001
     Postdialysis systolic 135.3 ± 17.2143.8 ± 20.4 161.1 ± 22.0 <0.001
     Postdialysis diastolic 73.1 ± 10.6 75.6 ± 12.0 81.4 ± 13.3 <0.001
     ΔSBP −23.8 ± 11.7−1.10 ± 5.5 17.9 ± 7.0 <0.001
Hypertension per KDOQI (%) 85.4 75.2 93.0 <0.001
Receiving BP medications (%) 66.1 70.0 77.9 0.004
Laboratory Data
     Serum albumin (mg/dl) 3.55 ± 0.55 3.46 ± 0.56 3.41 ± 0.56 0.001
     Serum creatinine (mg/dl) 7.8 ± 3.0 7.4 ± 3.1 7.4 ± 2.6 0.04
     Serum calcium (mg/dl) 8.7 ± 1.0 8.6 ± 0.96 8.6 ± 0.94 0.08
     Serum phosphorus (mg/dl) 5.7 ± 1.9 5.5 ± 1.9 5.3 ± 1.8 0.03
     Calcium × phosphorus product (mg2/dl2)48.7 ± 16.5 47.0 ± 16.5 44.9 ± 15.2 0.008
     Hematocrit (%) 29.9 (5.4) 29.7 (5.7) 29.6 (5.9) 0.7
     Urea reduction ratio 0.63 ± 0.14 0.62 ± 0.16 0.65 ± 0.09 0.1
Baseline Medications (%)
     Aspirin 16.1 20.4 20.7 0.07
     ACE-i/ARB 21.8 21.4 25.8 0.4
     Beta-blocker 14.8 16.1 23.5 0.01
     Calcium channel blocker 45.2 49.6 55.9 0.02
     Clonidine 11.0 13.2 22.3 <0.001
     Erythropoeitin use 92.2 92.3 93.4 0.8
     Hydralazine 3.2 3.3 5.2 0.4
     Nitrates 15.7 21.5 21.1 0.01
Values expressed as mean +/− SD, no. (%), or median (5th percentile, 95th percentile). Conversion factors for units: serum albumin in g/dl to g/L, ×10;
creatinine in mg/dL to mmol/L, ×88.4; calcium in mg/dl to mmol/L, ×0.25; phosphorus in mg/dl to mmol/L, ×.

Abbreviation: DMMS, Dialysis Morbidity and Mortality; HD, hemodialysis; ESRD, end-stage renal disease; IDWG, interdialytic weight gain; IQR,
interquartile range; BP, blood pressure; KDOQI, Kidney Dialysis Outcomes Quality Initiative; ACE-i, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker, SBP, systolic blood pressure.

*
Nonparametric Kruskal-wallis test used
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Table 2

Cause Specific 2-year Mortality among DMMS Wave 2 Patients grouped by Systolic Blood Pressure Changes
during Hemodialysis

SBP decreased
>10 mmHg
during HD

(n=744)

SBP unchanged
±10 mmHg
during HD

(n=791)

SBP increased >10
mmHg during HD

(n=213)

2-year all-cause mortality, n
(%)

218 (29.3%) 273 (34.5%) 79 (37.1%)

     Cardiovascular-related* 126 (57.8%) 161 (59.0%) 49 (62.0%)
Abbreviation: SBP, systolic blood pressure; HD, hemodialysis; DMMS, Dialysis Morbidity and Mortality.

*
includes acute myocardial infarction, pericarditis, atherosclerotic heart disease, cardiomyopathy, cardiac arrest, cardiac arrhythmia, valvular heart disease,

congestive heart failure, cerebrovascular accident, and ischemic brain injury.
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Table 3

Adjusted Cox Proportional Hazard Model for Predictors of Time to 2-year All-cause Mortality in Incident
Hemodialysis Patients

Variable Hazard ratio, (95%
Confidence Interval)

p-value

ΔSBP during dialysis, per 10 mmHg increase 1.50 (1.08-2.07) 0.02
Predialysis SBP, per 10 mmHg increase 0.90 (0.85-0.94) <0.001
ΔSBP during dialysis × predialysis SBP 0.98 (0.96-0.99) 0.02
Age, per 10 year increase 1.26 (1.18-1.35) <0.001
Body mass index <26kg/m2 vs ≥26kg/m2 1.34 (1.11-1.63) 0.002
Interdialytic weight gain ≥5% vs <5% 1.12 (0.88-1.41) 0.4
Diabetes mellitus 1.00 (0.83-1.20) 0.9
Peripheral vascular disease 1.30 (1.07-1.57) 0.008
Congestive heart disease 1.20 (1.00-1.43) 0.05
Coronary artery disease 1.15 (0.95-1.40) 0.2
Hypertension 0.83 (0.69-0.99) 0.04
Nitrates 1.31 (1.08-1.60) 0.008
Serum albumin, per 1 mg/dl increase 0.57 (0.49-0.67) <0.001
Serum creatinine, per 1 mg/dl increase 0.94 (0.91-0.98) 0.001
Serum phosphorus, per 1 mg/dl increase 1.04 (0.99-1.09) 0.1
Variables tested for significance but removed with p value >0.10: race, sex, tobacco use, cerebrovascular disease, ace-inhibitor/angiotensin receptor
blocker, beta-blocker, calcium channel blocker, aspirin, urea reduction ratio, hematocrit, and calcium.

Abbreviation: SBP, systolic blood pressure
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Table 4

Adjusted* Cox Proportional Hazard Models for time to 2-year Mortality associated with ΔSBP during HD in
separate models adjusted for other BP parameters

Model BP Variable (per 10 mmHg increase) Hazard ratio,
(95% Confidence

Interval)

p-value

Model 1ΔSBP during dialysis 1.06 (1.01-1.12) 0.03
Model 2ΔSBP during dialysis 1.50 (1.08-2.07) 0.02

Predialysis systolic BP 0.90 (0.85-0.94) <0.001
ΔSBP during dialysis × predialysis SBP 0.98 (0.96-0.99) 0.02

Model 3ΔSBP during dialysis 1.11 (1.05-1.18) <0.001
Postdialysis SBP 0.91 (0.87-0.95) <0.001

Model 4ΔSBP during dialysis 1.08 (1.02-1.16) 0.01
Predialysis DBP 0.99 (0.87-1.12) 0.81
Postdialysis DBP 0.85 (0.74-0.97) 0.01

Model 5ΔSBP during dialysis 1.5 (1.08-2.07) 0.01
Predialysis SBP 0.92 (0.87-0.98) 0.01
Predialysis DBP 1.02 (0.89-1.17) 0.8
Postdialysis DBP 0.90 (0.78-1.03) 0.1
ΔSBP during dialysis × predialysis SBP 0.98 (0.96-1.00) 0.03

Model 6ΔSBP during dialysis 1.12 (1.05-1.21) 0.002
Postdialysis SBP 0.94 (0.88-1.00) 0.04
Predialysis DBP 1.03 (0.90-1.18) 0.6
Postdialysis DBP 0.88 (0.77-1.01) 0.08

Abbreviation: DBP, diastolic blood pressure; SBP, systolic blood pressure.

*
All models are also adjusted for age, body mass index<26 kg/m2, interdialytic weight gain >5%, diabetes mellitus, hypertension, peripheral vascular

disease, congestive heart disease, coronary artery disease, serum albumin, creatinine, phosphorus, and the use of nitrates.
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