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Blood pressure and long-term mortality in United States hemo-
dialysis patients: USRDS Waves 3 and 4 Study.

Background. The long-term prognostic associations of pre-
and post-dialysis blood pressures, interdialytic weight gain, and
antihypertensive use in hemodialysis patients are unclear.

Methods. The United States Renal Data System (USRDS)
Dialysis Morbidity and Mortality Waves 3 and 4 Study, a ran-
domly generated sample of 11,142 subjects receiving hemodial-
ysis on December 31, 1993, was examined, with vital status fol-
lowed until May 2000.

Results. Pre-and post-dialysis blood pressure values, interdi-
alytic weight gain and number of antihypertensives averaged
151.8/79.7, 137.0/74, 3.6% and 0.76, respectively. Prognostic dis-
crimination was maximized by considering pre- and post-sys-
tolic and diastolic blood pressure values simultaneously, in a
pattern suggesting that wide pulse pressures were associated
with mortality (P < 0.0001). Comorbidity adjustment markedly
affected associations, with low pre-dialysis diastolic (P < 0.05),
low post-dialysis dialysis diastolic pressure (P < 0.05), high
post-dialysis dialysis systolic pressure (P < 0.05), and high
interdialytic weight gains (P = 0.005) associated with mortality.
Each class of antihypertensive drug, except angiotensin-con-
verting enzyme (ACE)-inhibitors, was associated with lower
mortality in unadjusted models, an effect most pronounced for
beta-blockers (hazards ratio 0.72, 95% CI 0.66 to 0.79, P <
0.0001). Comorbidity adjustment eliminated survival associa-
tions for each antihypertensive class except beta-blockers.

Conclusions. Pre- and post-dialysis blood pressure values have
independent associations with mortality, in a way that impli-
cates wide pulse pressures. Much of the adverse prognosis of
wide pulse pressures probably reflects older age and cardio-
vascular comorbidity. Large interdialytic weight gains are asso-
ciated with shorter survival when comorbidity is taken into
account. Beta-blocker use shows a robust association with sur-
vival, and may be protective.

!The data reported here were supplied by the United States Renal
Data System. Interpretation of these data is the responsibility of the
authors, and in no way should be seen as an official policy or interpreta-
tion of the U.S. government.
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Hypertension and cardiovascular disease are notable
features of chronic kidney disease. Only a few recent ob-
servational studies, surprisingly, have associated hyper-
tension and shorter survival in dialysis patients [1, 2].
Most studies have shown an association between low
blood pressure and increased mortality, or have shown
a “U”-shaped relationship, with both low and high blood
pressure being associated with an increased relative risk
of death [3-6]. A credible explanation for the findings is
that the patient sample includes a sizeable proportion of
patients with incipient or established cardiac decompen-
sation, with the counterintuitive relationship between
lower blood pressure and survival caused by reverse cau-
sation. Alternative explanations than reverse causation
are possible, however. It is conceivable that low blood
pressure could jeopardize coronary perfusion in the set-
ting of the altered cardiac energetics, diastolic dysfunc-
tion, and decreased capillary density so characteristic of
uremic cardiomyopathy, leading to myocardial ischemia.
Ischemia would be magnified in the presence of fixed
coronary stenosis, a common entity, which is often clini-
cally silent in dialysis patients.

To date, almost all mortality analyses in end-stage renal
disease patients have used either systolic blood pressure,
or diastolic blood pressure as the candidate variable.
Most analyses have focused on pre-dialysis blood pres-
sure, and very few have examined the prognostic associa-
tions of post-dialysis blood pressures. Very few epidemi-
ological studies have attempted to quantify the relative
contributions of blood pressures, interdialytic weight
gains, and the number and classes of antihypertensives
used, all of which are clearly interrelated.

There has been a growing realization that stiffening
of large arteries is a major feature of uremic states, which
has independent associations with mortality [7]. Widen-
ing arterial pulse pressure is the major clinical correlate
of arterial stiffening. Pulse pressure, calculated as systolic
minus diastolic blood pressure, presents some challenges
in observational studies. Analyses that include either sys-
tolic or diastolic blood pressure alone, the most common
approach, may fail to uncover a real association between
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pulse pressure and mortality. On the other hand, using
pulse pressure in isolation may create an artifactual asso-
ciation when high systolic blood pressure or low diastolic
blood pressure is the real culprit, and pulse pressure has
no causal relationship. Such problems can be uncovered
when two of the three parameters (systolic, diastolic and
pulse pressure) are included simultaneously in mortality
analyses, an approach used recently in studies in the both
the general and end-stage renal disease populations [8, 9].

METHODS

The objectives of this study were to determine (1) the
optimum way to handle blood pressure parameters for
a hemodialysis population, in a way that maximizes prog-
nostic discrimination, as described by the x? statistic in
Cox regression models of mortality; (2) the mortality
associations of interdialytic weight gains; (3) the mortal-
ity associations of classes of antihypertensive used; and
(4) the impact of comorbidity adjustment on objectives
1 to 3.

We used the United States Renal Data System (USRDS)
DMMS Waves 3 and 4 Study, a historical prospective
study of a randomly generated sample of 11,142 United
States subjects receiving hemodialysis at the end of De-
cember 1993. Participating dialysis units were selected
at random, with case records reviewed retrospectively.
For this study, the following fixed patient characteristics
were included, as of December 31, 1993: age, gender, eth-
nicity, race, primary renal disease, duration of hemodial-
ysis, smoking, diabetic status, presence of coronary artery
disease or coronary heart disease, congestive heart fail-
ure, cerebrovascular accident and peripheral vascular
disease.

Pre- and post-dialysis blood pressures, and interdia-
lytic weight gains were averaged from the three most
recent values immediately preceding December 31, 1993.
Vasoactive medications were grouped into the following
classes: calcium channel blockers, angiotensin-convert-
ing enzyme (ACE) inhibitors, beta blockers, alpha block-
ers, centrally active agents, and vasodilators.

USRDS patient numbers were used to combine the
DMMS Waves 3 and 4 file with the Patient’s file, with
vital status ascertained up to May 2000. Cox proportional
hazards modeling was the primary analytical tool em-
ployed. The analyses presented in this report did not
censor patients at transplantation. However, the associa-
tions were virtually identical with such an approach.

RESULTS

The patient characteristics on December 31, 1993 are
shown in Table 1. The mean pre- and post-dialysis blood
pressures, averaged from the three most recent values
immediately preceding December 31, 1993, were 151.8/
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Table 1. Patient characteristics on December 31, 1993 (N = 11,142)

Mean (SD) Missing data

Age years 59.7 (15.8) 13.1%
Gender 0.1%

Male 50.7%

Female 49.2%
Race

Hispanic 13.1% 6.3%

Caucasian 51.0% 6.4%

African American 41.0%

Asian 23%

Native American 1.5%

Other 42%
Primary renal disease 7.3%

Diabetes 34.3%

Hypertension 29.6%

Primary glomerulonephritis 11.5%

Other 42%

Unknown 20.5%
Smoking status 17.2%

Still smoking 16.1%

Former, stopped <1 year ago 2.7%

Former, stopped >1 year ago 14.2%

Smoker, current status unknown 14.4%

Non-smoker 52.6%
Diabetes mellitus 42.9% 8.8%
Cardiovascular disease

Coronary artery disease 36.0% 12.4%

Congestive heart failure 39.2% 12.2%

Peripheral vascular disease 22.1% 11.7%

Cerebrovascular disease 12.5% 11.7%
Duration of hemodialysis years 3.1 (3.5) 14.2%
Pre-dialysis blood pressure mm Hg 151.8 (22.1)/  11.2%/

79.7 (12.2) 11.5%
Post-dialysis blood pressure mm Hg 137.0 (21.0)/  11.6%/
74.1 (11.3) 11.9%

Interdialytic weight gain % 3.6 (1.9) 15.6%
Calcium channel antagonists 350%  Assumed® 0%
Angiotensin-converting enzyme inhibitors  13.9%  Assumed® 0%
Beta blockers 8.5%  Assumed® 0%
Alpha blockers 34%  Assumed® 0%
Centrally active agents 9.8%  Assumed® 0%
Vasodilators 51%  Assumed® 0%

*All medications were recorded in 15 data-fields. Dichotomous ‘yes’ or ‘no’
variables asking whether specific drug classes were used were not used.

79.7 and 137.0/74.1 mm Hg equating to pulse pressures
of 72.1 and 62.9 mm Hg, respectively. On average, inter-
dialytic weight gain was 3.6 % of pre-dialysis body weight,
and the patients were prescribed 0.76 antihypertensive
agents. A percentage of 49.6% of patients were pre-
scribed no antihypertensive agents, 30.9% one agent,
14.7% two agents, 3.9% three agents, 0.8% four agents,
and 0.1% five agents. Calcium channel antagonists (35.0%
of patients) were the most frequently prescribed class,
followed by ACE inhibitors (13.9%), centrally acting
agents (9.8%), beta blockers (8.5%), vasodilators (5.1%),
and alpha blockers (3.4%).

Sixty-three percent of the subjects died over an aver-
age follow-up of 3.8 years, with a median survival of 3.9
years. Figure 1 shows hazards ratios and the overall
model y’ statistics in Cox regression models of mortality
which have not been adjusted for age or comorbidity.
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Fig. 1. (A) Cox regression models relating blood pressure levels to
subsequent mortality rates, expressed as hazards ratios per 10 mm Hg.
Symbols are: ((J) pre-dialysis parameters; (l) post-dialysis parameters.
Abbreviations are: S, systolic blood pressure; D, diastolic blood pres-
sure; Alone, only that single parameter was entered in the Cox model;
together, all of the parameters shown were entered simultaneously in
the model. Hazards ratios greater than 1 imply higher mortality rates,
while hazards ratios less than 1 imply lower mortality rates. ***P <
0.0001; **P < 0.001; *P < 0.05. (B) Cox regression models relating blood
pressure levels to subsequent mortality rates. The columns show the
variance explained, expressed as the associated x* statistic for different
models. Symbols are: ([J) models with only pre-dialysis parameters;
(M) models with only post-dialysis parameters; () models with both
pre-dialysis and post-dialysis parameters.

Judged in terms of the x? value, the prognostic discrimi-
nation was maximized by analyzing diastolic and systolic
blood pressure values simultaneously, both before and
after dialysis. In the latter models, the hazards ratios
for systolic blood pressures increased, while those for
diastolic blood pressures decreased, suggesting that wide
pulse pressure may be a better marker of mortality risk
than systolic or diastolic blood pressure in isolation.
The associations between blood pressure, related vari-
ables, and mortality are shown in Table 2. All four blood
pressure variables, that is, pre- and post- systolic and
diastolic values, were entered simultaneously. When an-
alyzed by quintiles, all relationships tended to be mono-
tonic, with the possible exception of pre-dialysis systolic
blood pressure, for which the hazards ratios were equiva-
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lently higher for second, third and fourth quintiles, with
a further rise in hazards ratio for the fifth quintile. Per-
centage of interdialytic weight gain exhibited a weak in-
verse association with mortality in unadjusted analyses.
Each antihypertensive class, except ACE inhibitors, was
associated with statistically significantly longer survival.
This effect was greatest for beta blocker use (hazards
ratio 0.72,95% CI 0.66 to 0.79, P < 0.0001) and vasodila-
tor use (hazards ratio 0.73, 95% CI 0.65 to 0.82, P <
0.0001).

When an adjustment was made for comorbidity, low
pre-dialysis diastolic, low post-dialysis diastolic, and high
post-dialysis systolic blood pressure values were associ-
ated with higher mortality, albeit much less strongly than
in unadjusted models. Percentage interdialytic weight
gain, on the other hand, showed a direct association with
mortality, most apparent for weight gains in the highest
quintile, greater than 4.8% of pre-dialysis body weight.
All classes of antihypertensive lost their mortality associ-
ations in comorbidity-adjusted models, with the excep-
tion of beta-blockers, which retained their association
with lower mortality rates (hazards ratio 0.84, 95% CI
0.75 to 0.93, P = 0.001).

DISCUSSION

Considering pre- and post-systolic and -diastolic blood
pressure values simultaneously maximized the prognos-
tic discrimination in this study, in a pattern suggesting that
wide pulse pressure may be a marker of short survival.
Adjustment for older age and comorbidity greatly modi-
fied these associations. Similarly, complex associations
were found between interdialytic weight gain and mor-
tality, with shorter associated survival apparent after co-
morbidity adjustment. Finally, we observed that beta-
blocker use was associated with longer survival, whether
or not comorbidity adjustment was undertaken.

Hypertension in the general population increases the
long-term risk of end-stage renal disease [10, 11]. Among
patients with renal impairment, strategies that lower
blood pressure, including ACE inhibitors and angioten-
sin II receptor inhibitors, are known to retard the rate
of loss of renal function, and to delay the onset of end-
stage renal disease [12-17]. It is likely that blood pressure
reduction per se contributes to these salutary effects [18].
Hypertension is an almost universal feature of end-stage
renal disease, and this group of patients is at the highest
cardiac risk. Unfortunately, there are no large hyperten-
sion-management trials in dialysis patients. It could be
argued that such trials might not be needed if the epide-
miological patterns linking blood pressure and outcome
in the dialysis population were similar to those seen in
the general population. Most recent studies, however,
have been at variance to those seen in non-renal popula-
tions, with inverse or “U”-shaped relationships with mor-
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Table 2. Blood pressure and mortality associations
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Unadjusted hazards ratio®

Adjusted hazards ratio®

Pre-dialysis DBP*

Quintiles
=70

70.1 to 76.7
76.8 to 82.0
82.1 to 89.3
>89.3

Pre-dialysis SBP¢

Quintiles
=133.3

133.4 to 146.7
146.8 to 157.3
157.4 to 170.0
>170.0

Post-dialysis DBP*

Quintiles
=64.7

64.8 to 70.7
70.8 to 76.7
76.8 to 83.0
>83.0

Post dialysis SBP¢

Quintiles
=119.3

119.4 to 130.7
130.8 to 141.3
141.4 to 154.0
>154.0

Interdialytic weight gain

Quintiles

=2.3 (reference)
23 to 3.1
32t039

4.0 to 4.8

>4.8

Calcium channel antagonists®
Angiotensin-converting enzyme inhibitors¢
Beta blockers?

Alpha blockers?

Centrally active agents*

Vasodilators®

0.79 (0.76, 0.82) per 10 mm Hg

P < 0.0001

1.06 (reference category)
0.79 (0.73, 0.85)

0.73 (0.67, 0.79)

0.64 (0.59, 0.71)

0.49 (0.44, 0.55)

1.06 (1,04, 1.08) per 10 mm Hg

P < 0.0001

1 (reference category)
1.14 (1.05, 1.24)

1.16 (1.06, 1.28)

1.15 (1.04, 1.27)

1.38 (1.22, 1.55)

0.87 (0.76, 0.82) per 10 mm Hg

P < 0.0001

1 (reference category)
0.92 (0.85, 1.00)

0.86 (0.79, 0.93)

0.83 (0.75, 0.92)

0.65 (0.57, 0.73)

3 (1.03, 1.08) per 10 mm Hg

P < 0.0001

1 (reference category)
1.11 (1.02, 1.21)

1.15 (1.05, 1.27)

1.22 (1.11, 1.35)

1.31 (1.16, 1.47)

0.99 (0.97, 1.00) per %

P =0.05

1 (reference category)
0.97 (0.90, 1.06)

1.02 (0.94, 1.10)

0.99 (0.91, 1.07)

0.92 (0.85, 1.00)

0.95 (0.90, 1.00)
P = 0.04

0.94 (0.88, 1.01)
P =007

0.72 (0.66, 0.79)
P < 0.0001
0.87 (0.77, 1.00)
P =005

0.89 (0.82, 0.96)
P = 0.004

0.73 (0.65, 0.82)
P < 0.0001

0.95 (0.91, 0.99) per 10 mm Hg

P =0.03

1 (reference category)
0.90 (0.82, 0.98)

0.97 (0.88, 1.07)

0.94 (0.84, 1.05)

0.90 (0.77, 1.02)

0.99 (0.97, 1.02) per 10 mm Hg

P =06

1 (reference category)
0.97 (0.93, 1.01)

0.89 (0.79, 0.99)

0.87 (0.77, 0.97)

0.96 (0.83, 1.10)

0.94 (0.90, 0.98) per 10 mm Hg

P = 0.006

1 (reference category)
0.95 (0.87, 1.05)

0.95 (0.86, 1.05)

0.93 (0.82, 1.04)

0.85 (0.73, 0.99)

1.03 (1.00, 1.05) per 10 mm Hg

P =0.03

1 (reference category)
0.93 (0.84, 1.03)

0.95 (0.85, 1.06)

0.97 (0.86, 1.06)

1.07 (0.93, 1.22)

1.02 (1.01, 1.03) per %

P = 0.005

1 (reference category)
0.96 (0.88, 1.05)

1.03 (0.94, 1.13)

1.03 (0.94, 1.14)

1.12 (1.02, 1.23)

1.0 (0.94, 1.07)
P =09

1.05 (0.96, 1.17)
P=03

0.84 (0.75, 0.93)
P = 0.001

0.93 (0.80, 1.09)
P =04
4(0.97,1.17)

P =02

0.99 (0.86, 1.14)
P =09

“Hazards ratios greater than 1 imply higher mortality rates, while hazards ratios less than 1 imply lower mortality rates

 Adjusted for age, gender, ethnic status, race, cause of renal disease, duration of end-stage renal disease, smoking, diabetes, coronary artery disease, congestive
heart failure, peripheral vascular disease, and interdialytic weight gain
¢Predialysis-SBP (systolic blood pressure), Predialysis-DBP (diastolic blood pressure); postdialysis-SBP and postdialysis-DBP have been included simultaneously

in the unadjusted and adjusted models

dReference categories are subjects not on calcium channel antagonists, angiotensin-converting enzyme inhibitors, beta blockers, alpha blockers, centrally active

agents, and vasodilators, respectively

tality [3-6]. Few studies in end-stage renal disease pa-
tients have examined non-fatal cardiovascular end-points.
Some studies have tried to address this issue indirectly,
using cause-specific mortality in registry databanks. This
approach may not be very reliable, as inter-rater dis-

cordance regarding cause of death has been reported to
occur in approximately two out of every three cases in
one study, while a more recent study suggested that dis-
cordance may occur even more commonly for cardiovas-
cular causes of death [19, 20].
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In one long-term prospective inception cohort study,
higher time-averaged blood pressures predated the de-
velopment of echocardiographic left ventricular hyper-
trophy, new-onset ischemic heart disease and new-onset
cardiac failure. In this latter study, new-onset cardiac fail-
ure was a lethal event, which came before two-thirds of
all the observed causes of mortality, and was followed
by a fall in blood pressure. The degree of hypotension
was the only predictor of mortality after cardiac failure
[21]. This is a plausible, though partial, explanation for
the paradox that high blood pressure comes before a
major apparent killer, cardiac failure, while low blood
pressure is a better predictor of death. These data suggest
that the association between high blood pressure and
longer survival may be due to reverse causality. Blood
pressure is a problematic parameter in dialysis studies with
several inherent limitations. Ambulatory blood pressure
monitoring was not used in this study, but would have
an obvious attraction in comparison to single values im-
mediately before and after dialysis. For example, a recent
study performed 48-hour interdialytic ambulatory blood
pressure monitoring on 21 hemodialysis patients on two
different occasions two months apart. Blood pressure
was analyzed according to three different methods on
each occasion: isolated levels before and after dialysis,
levels averaged over five dialysis sessions, and 48-hour
interdialytic ambulatory blood pressure monitoring.
Variability was considerable, even with ambulatory blood
pressure (the most reproducible measure of blood pres-
sure, followed by averages and single values), with coef-
ficients of variation 7.5% for systolic and 8.1% and dis-
cordance rates for nocturnal dipper status of 43% [22].

Hypertension has been consistently associated with
left ventricular enlargement in observational studies in
chronic renal insufficiency, which is likely to be a poten-
tially reversible intermediate stage between cardiac health
and clinical cardiovascular disease, as is the case in the
general population [23-27]. Hypertension in dialysis pa-
tients is often due to subclinical salt and water overload
[28-30]. For example, a recent crossover trial was re-
ported comparing short daily and conventional, three
times weekly hemodialysis sessions. Although weekly urea
removal was similar with either strategy, blood pressure
was significantly better in the daily dialysis group, in
whom antihypertensives were discontinued in most pa-
tients. Left ventricular hypertrophy regressed in the daily
hemodialysis group, probably due to lowering of extra-
cellular fluid volume [31]. A number of other studies have
shown that inexorable progression of left ventricular hy-
pertrophy is not inevitable in dialysis patients. In one
study, dialysis patients with left ventricular hypertrophy
and hypertension were randomly assigned to an ACE
inhibitor or a dihydropyridine calcium antagonist for
one year. Left ventricular hypertrophy regressed in both
groups, but more so in the ACE inhibition group, despite
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the fact that blood pressures were similar, suggesting an
independent impact of ACE inhibitors on left ventricular
hypertrophy regression [32]. Similarly, another study
used ACE inhibitors as the primary antihypertensive
therapy in hemodialysis patients, and observed a gradual
regression of left ventricular hypertrophy over a period
of several years [33]. Thus, the consistent association
between echocardiographic left ventricular hypertrophy
and mortality is at variance with the inconsistent associa-
tion between blood pressure and mortality in large regis-
try studies, as higher blood pressure levels have consis-
tently been associated with the development of left
ventricular hypertrophy.

Stiffening of the vascular tree appears to be a charac-
teristic feature of uremia, which has recently been dem-
onstrated to be highly predictive of short survival [7].
Widened pulse pressure, a clinical hallmark of vascular
rigidity, lately has become a focus of more intensive in-
vestigation. For example, a very interesting report from
the Framingham Heart Study suggests that parameters
like systolic and diastolic blood pressures, in isolation,
have less predictive power in general population subjects
over 60, in whom high pulse pressures are more highly
predictive of adverse cardiovascular events [8]. Similar
findings were reported from a French hypertensive popu-
lation [34]. If pulse pressure is indeed a superior prognos-
tic discriminate, analyses that use either systolic or dia-
stolic blood pressures alone should have less predictive
power, while analyses that include both systolic and
blood pressure parameters simultaneously should have
more predictive power. This pattern was seen in our cur-
rent study, which suggested that high pulse pressure,
whether before or after dialysis, is a marker of short sur-
vival in dialysis, mostly, but not completely, as a marker
of underlying comorbidity. These findings are consistent
with those recently reported by Tozawa and co-workers,
who examined a cross-section of 1243 chronic hemodial-
ysis patients alive on January 1, 1991 followed for nine
years [9]. Pulse pressure was found to be an independent
predictor of total mortality, and was a superior predictor
of total mortality than systolic or diastolic pressures. For
predicting cardiovascular events, however, systolic blood
pressure was better than either pulse pressure or diastolic
blood pressure [9]. In epidemiological analyses, pulse
pressure is necessarily handled as a somewhat static pa-
rameter, in the sense that a single unique value exists for
each study subject. However, from a pathophysiological
perspective, pulse pressure is clearly a composite param-
eter determined by parameters of left ventricular ejec-
tion, opposition to ejection, and wave reflections. Thus,
the pathways to a given pulse pressure must be very di-
verse in the population examined in this study. It is
believed that in older subjects the wide pulse pressure
reflects increased stiffness, a characteristic feature of
end-stage renal disease patients, which accelerates dia-
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stolic decay rates, leading to lower diastolic blood pres-
sure and wider pulse pressure [35].

It has long been a doctrine of dialysis treatment that
blood pressure and extracellular fluid volumes are closely
related. It makes intuitive sense that patients who will
develop overt cardiovascular disease in the future may
not exhibit symptoms of cardiac decompensation with
higher interdialytic fluid gains. Our current study suggests
that interpreting the relationship between interdialytic
fluid gains and mortality is heavily dependent on consid-
ering the underlying comorbidity of the population.

We observed an association between beta-blocker use
and longevity in this study, an association that was only
partly affected by comorbidity adjustment. Clearly, an
observational study like this cannot account for the se-
lection biases connecting different patients to different
classes of antihypertensive drugs, and cannot adduce
causality. However, beta blockers have several theoreti-
cally appealing features in uremic populations. They re-
duce stroke volume and thus would be attractive agents
to interrupt the vicious cycle whereby high stroke vol-
umes and large vessel rigidity exacerbate each other.
Sympathethic overload and cardiomyopathy are cardinal
features of uremia [36, 37]. In non-uremic subjects, beta-
blockers have been shown to improve outcome in the
setting of decompensated cardiomyopathy and ischemic
heart disease, which are common occurrences in dialysis
populations [38-40]. A highly noteworthy, randomized,
placebo-controlled trial assessed the effect of carvedilol
in dialysis patients with symptomatic heart failure [41].
Over a study duration of 12 months, carvedilol treatment
led to sustained improvements in left ventricular ejection
fraction and reduced left ventricular end-diastolic and
end-systolic volumes, associated with improvements in
New York Heart Association cardiac failure symptom
severity [41]. Finally, beta blockers have anti-arrhythmic
properties that make them attractive in a population
where dysrhythmia, ion shifts, and sudden death are very
common. The associations between antihypertensive class
and mortality were not seen in the recent study of Guerin
and co-workers of 150 dialysis patients followed for an
average of 51 months. Cox analyses showed that failure
of pulse wave velocity to decline in response to lowering
of blood pressure, while left ventricular mass, older age,
cardiovascular disease at study inception were associated
with higher all-cause and cardiovascular mortality rates.
ACE inhibitor use, in contrast to our current study, was
independently associated with longer survival [42]. The
disparity may reflect the fact that the mean age of their
study population was significantly younger, 52 years old
compared to 60 years old in our current study. In addi-
tion, the proportion of patients with diabetes mellitus
and cardiovascular disease was higher in our study. In
addition, associations between antihypertensive classes
and outcome are highly questionable in diseased popula-
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tions, especially when multiple strategies, both phar-
macological and non-pharmacological, can be used to
achieve a given blood pressure level. Similarly, a given
antihypertensive class may be used more as the treat-
ment for ischemic heart disease, cardiac failure, systolic
dysfunction or left ventricular hypertrophy, all of which
are common in dialysis patients.
Randomized controlled trials are sorely needed in di-
alysis populations to define optimal strategies for manag-
ing blood pressure. It is possible that relatively recent
observational studies linking higher blood pressures to
longer survival have engendered therapeutic uncertainty
and neutrality, and lessened enthusiasm to undertake ade-
quately powered clinical trials. Blood pressure levels in
a modern dialysis population are likely to reflect the
age and comorbidity of the population, deviations from
euvolemia, and antihypertensive use. This study, in which
the follow-up period was long, suggests that high blood
pressure (pulse pressure), high interdialytic weight gains,
and not being on antihypertensives (beta blockers) define
a dialysis population at high risk, which may be modifiable.

Reprint requests to Dr. Robert Foley, Nephrology Analytical Services,
914 8" Street, Suite D-273, Minneapolis, MN 55404 USA.
E-mail: rn_foley@hotmail.com

REFERENCES

1. CHArrA B, CALEMARD E, LAURENT G: Importance of treatment
time and blood pressure control in achieving long-term survival
on dialysis. Am J Nephrol 16:35-44, 1997
2. FERNANDEZ JM, CarBONELL ME, MazzucHi N, PETRUCELLI D:
Importance of blood pressure control in hemodialysis patient sur-
vival. Kidney Int 58:2147-2154, 2000
3. USRDS 1992 Annual Data Report. Comorbid conditions and cor-
relations with mortality risk among 3,399 incident hemodialysis
patients. Am J Kidney Dis 20:32-8, 1992
4. Isexr K, Mivasato F, TokuvyaMa K, et al: Low diastolic blood
pressure, hypoalbuminemia, and risk of death in a cohort of chronic
hemodialysis patients. Kidney Int 51:1212-1217, 1997
5. Port FK, HULBERT-SHEARON TE, WoLFE RA, et al: Predialysis
blood pressure and mortality risk in a national sample of mainte-
nance hemodialysis patients. Am J Kidney Dis 33:507-517, 1999
6. ZAGER PG, NikoLic J, BRowN RH, et al: “U” curve association of
blood pressure and mortality in hemodialysis patients. Medical
Directors of Dialysis Clinic, Inc. Kidney Int 54:561-569, 1998
7. BLACHER J, GUERIN AP, PANNIER B, et al: Impact of aortic stiff-
ness on survival in end-stage renal disease. Circulation 99:2434—
2439, 1999
8. FRANKLIN SS, LarRsoN MG, KHAN SA, et al: Does the relation of
blood pressure to coronary heart disease risk change with aging?
The Framingham Heart Study. Circulation 103:1245-1249, 2001
9. Tozawa M: Isex1 K, Isek1 C, TakisHITA S. Pulse pressure and risk
of total mortality and cardiovascular events in patients on chronic
hemodialysis. Kidney Int 61:717-726, 2002
10. Krac MJ, WHELTON PK, RANDALL BL, ef al: Blood pressure and
end-stage renal disease in men. N Engl J Med 334:13-18, 1996
11. Isexr K, Isexi C, Ikemiva Y, Fukivama K: Risk of developing
end-stage renal disease in a cohort of mass screening. Kidney Int
49:800-805, 1996
12. Lewis EJ, Hunsicker LG, Bain RP, Roupe RD: The effect of
angiotensin-converting-enzyme inhibition on diabetic nephropa-
thy. The Collaborative Study Group. N Engl J Med 329:1456—
1462, 1993
13. MascHio G, ALBERTI D, JANIN G, et al: Effect of the angiotensin-
converting-enzyme inhibitor benazepril on the progression of



1790

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

chronic renal insufficiency. The Angiotensin-Converting-Enzyme
Inhibition in Progressive Renal Insufficiency Study Group. N Engl
J Med 334:939-945, 1996

RUGGENENTI P, PERNA A, GHERARDI G, ef al: Renal function and
requirement for dialysis in chronic nephropathy patients on long-
term ramipril: REIN follow-up trial. Gruppo Italiano di Studi
Epidemiologici in Nefrologia (GISEN). Ramipril Efficacy in Ne-
phropathy. Lancet 352:1252-1256, 1998

BrenNER BM, CooPer ME, DE ZEEUW D, et al: Effects of losartan
on renal and cardiovascular outcomes in patients with type 2 diabe-
tes and nephropathy. N Engl J Med 345:861-869, 2001

ParvING HH, LEHNERT H, BROCHNER-MORTENSEN J, et al: The effect
of irbesartan on the development of diabetic nephropathy in pa-
tients with type 2 diabetes. N Engl J Med 345:870-878, 2001
Lewis EJ, Hunsicker LG, CLARKE WR, et al: Renoprotective ef-
fect of the angiotensin-receptor antagonist irbesartan in patients
with nephropathy due to type 2 diabetes. N Engl J Med 345:851—
860, 2001

RUGGENENTI P, PERNA A, LESTI M, et al: Pretreatment blood pres-
sure reliably predicts progression of chronic nephropathies. GISEN
Group. Kidney Int 58:2093-2101, 2000

PERNEGER TV, K1AG MJ, WHELTON PK: Cause of death in patients
with end-stage renal disease: death certificates vs registry reports.
Am J Public Health 83:1735-1738, 1993

Rocco MV, YaN G, GassMaN J, et al: Comparison of causes of
death using HEMO Study and HCFA end-stage renal disease
death notification classification systems. The National Institutes of
Health-funded Hemodialysis. Health Care Financing Administra-
tion. Am J Kidney Dis 39:146-153, 2002

FoLey RN, PARrREY PS, HARNETT JD, et al: Impact of hypertension
on cardiomyopathy, morbidity and mortality in end-stage renal
disease. Kidney Int 49:1379-1385, 1996

Peixoro AJ, Santos SF, MENDEs RB, et al: Reproducibility of
ambulatory blood pressure monitoring in hemodialysis patients.
Am J Kidney Dis 36:983-990, 2000

Levy D, GarrisoN RJ, Savace DD, et al: Prognostic implications
of echocardiographically determined left ventricular mass in the
Framingham Heart Study. N Engl J Med 322:1561-1566, 1991
LEVIN A, SINGER J, THoOMPSON CR, et al: Prevalent left ventricular
hypertrophy in the predialysis population: Identifying opportuni-
ties for intervention. Am J Kidney Dis 27:347-354, 1996

FoLEYy RN, PARFREY PS, HARNETT JD, et al: Impact of hypertension
on cardiomyopathy, morbidity, and mortality in end-stage renal
disease. Kidney Int 49:1379-1385, 1996.

Tucker B, FaBBIaN F, GILES M, et al: Left ventricular hypertrophy
and ambulatory blood pressure monitoring in chronic renal failure.
Nephrol Dial Transplant 12:724-728, 1997

FoLEY RN, PARFREY PS, HARNETT JD, et al: Clinical and echocardio-

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Foley et al: USRDS Waves 3 and 4 Study

graphic disease in patients starting end-stage renal disease therapy.
Kidney Int 47:186-192, 1995

RanMAN M, Dixit A, DoNLEY V, et al: Factors associated with
inadequate blood pressure control in hypertensive hemodialysis
patients. Am J Kidney Dis 33:498-506, 1999

FisHBANE S, NATKE E, Maesaka JK: Role of volume overload in
dialysis-refractory hypertension. Am J Kidney Dis28:257-261,1996
ScriBNER BH: Can antihypertensive medications control BP in hae-
modialysis patients: Yes or no? Nephrol Dial Transplant 14:2599—
2601, 1999

FacucLI RM, REBOLDI G, QUINTALIANI G, et al: Short daily hemodi-
alysis: Blood pressure control and left ventricular mass reduction
in hypertensive hemodialysis patients. Am J Kidney Dis 38:371—
376, 2001

LonpoN GM, PANNIER B, GUERIN AP, ef al: Cardiac hypertrophy,
aortic compliance, peripheral resistance, and wave reflection in
end-stage renal disease. Comparative effects of ACE inhibition and
calcium channel blockade. Circulation 90:2786-2796, 1994
CANNELLA G, PaoLETTI E, BAROCCI S, ef al: Angiotensin-converting
enzyme gene polymorphism and reversibility of uremic left ventric-
ular hypertrophy following long-term antihypertensive therapy.
Kidney Int 54:618-626, 1998

AsMAR R, RUDNICHI A, BLACHER J, ef al: Pulse pressure and aortic
pulse wave are markers of cardiovascular risk in hypertensive popu-
lations. Am J Hypertens 14:91-97, 2001

LonpoN GM, GUERIN AP, MARcHATIS SJ, et al: Cardiac and arterial
interactions in end-stage renal disease. Kidney Int 50:600-608, 1996
ConNvVERSE RL Jr, JacoBseN TN, Torto RD, et al: Sympathetic over-
activity in patients with chronic renal failure. N Engl J Med 327:
1912-1918, 1992

OrtH SR, AmANN K, STrOJEK K, et al: Sympathetic overactivity
and arterial hypertension in renal failure. Nephrol Dial Transplant
16(Suppl 1):67-69, 2001

Packer M, Coats AJ, FOwLER MB, et al: Effect of carvedilol on
survival in severe chronic heart failure. N Engl J Med 344:1651—
1658, 2001

GoOLDSTEIN S, FAGERBERG B, HJIALMARSON A, et al: Metoprolol
controlled release/extended release in patients with severe heart
failure. Analysis of the experience in the MERIT-HF study. J Am
Coll Cardiol 38:932-938, 2001

The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): A ran-
domised trial. Lancet 353:9-13, 1999

CicE G, FERRARA L, D1 BENEDETTO A, et al: Dilated cardiomyopathy
in dialysis patients—beneficial effects of carvedilol: A double-blind,
placebo-controlled trial. / Am Coll Cardiol 37:407-411, 2001
GUERIN AP, BLACHER J, PANNIER B, ef al: Impact of aortic stiffness
attenuation on survival of patients in end-stage renal failure. Circu-
lation 103:987-992, 2001





