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Blood pressure targets: we need a broad view

10 patients with frequent dialysis hypotension
HD thrice weekly 4 hours
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Guidelines on blood pressure targets in HD

K/DOQI 2005:

General 
population

NKF KDOQI GUIDELINES

KDOQI Clinical Practice Guidelines for Cardiovascular Disease in Dialysis Patients

Section II. Guidelines on management of cardiovascular risk factors

Traditional risk factors—such as diabetes, hypertension, dyslipidemia—and those specific to dialysis patients (anemia and
mineral metabolism abnormalities) require regular assessment and treatment as per current recommendations. The relative
importance and weight of each of these risk factors in the dialysis population is not known and, in the absence of controlled
trials in this population, current recommendations from existing organizations should be followed, with special consideration
given to potential risks.

Furthermore, lifestyle issues such as smoking, physical activity, depression, and anxiety are the cornerstones of therapy as
in the general population. The treatment options are often similar, but the impact of these factors is potentially more
profound in dialysis patients. These factors are all discussed in this section. Special attention will be paid to the difference
between the usual recommendations and those for dialysis patients.

Guideline 12: Blood Pressure

The management of blood pressure is an important component of CVD risk management for all
aspects of CVD: CAD, cardiomyopathy, VHD, CBVD, and PVD. There are unique challenges in both the
measurement and management of blood pressure in dialysis patients.

12.1 Measurement of blood pressure:

12.1a In patients who have undergone multiple surgical procedures for vascular
accesses in both arms, blood pressure should be measured in the thighs or legs.
However, health-care professionals should use appropriate cuff size and
measure blood pressure only in the supine position. (B)

12.2 Predialysis and postdialysis blood pressure goals should be <140/90 mm Hg and
<130/80 mm Hg, respectively. (C)

12.3 Management of blood pressure by adjustment of dry weight:

12.3a Management of hypertension in dialysis patients requires attention to
both management of fluid status and adjustment of antihypertensive
medications. This requires close collaboration among health-care providers. (B)

Excessive fluid accumulation between dialysis sessions should be managed
with: (B)

Education and regular counseling by dietitians
Low sodium intake (2–3 g/day sodium intake)
Increased ultrafiltration
Longer dialysis
More than 3 dialysis treatments per week
Drugs that reduce salt appetite

12.4 Management of hypertension with drugs in dialysis patients:

12.4a Drugs that inhibit the renin-angiotensin system, such as ACE inhibitors or
angiotensin II-receptor blockers should be preferred because they cause
greater regression of LVH, reduce sympathetic nerve activity, reduce pulse wave
velocity, may improve endothelial function, and may reduce oxidative stress. (C)

12.4b Antihypertensive drugs should be given preferentially at night, because it
may reduce the nocturnal surge of blood pressure and minimize intradialytic
hypotension, which may occur when drugs are taken the morning before a
dialysis session. (C)

12.4c In patients with difficult-to-control hypertension, the dialyzability of
antihypertensive medications should be considered (see Table 10).(C)

K/DOQI clinical practice guidelines for CV disease in 
dialysis patients. AJKD 2005;45(Suppl 3):S1–S153.

Prospective Studies Collaboration. 
Lancet 2002;360:1903-1913

Coronary disease 
mortality

Pre-dialysis SBP – Observational studies

The Epidemiology of Systolic Blood Pressure and Death Risk
in Hemodialysis Patients

Zhensheng Li, MD, Eduardo Lacson Jr, MD, Edmund G. Lowrie, MD, Norma J. Ofsthun, PhD,
Martin K. Kuhlmann, MD, J. Michael Lazarus, MD, and Nathan W. Levin, MD

● Background: This study compares the associations of predialysis systolic blood pressure (SBP) with mortality
risk in both incident and prevalent hemodialysis (HD) cohorts by using both conventional and time-varying Cox
analyses, thus addressing limitations of prior studies. Methods: A total of 56,338 incident patients starting HD
therapy during 1997 to 2001 and 69,590 prevalent HD patients on January 1, 2002, were grouped into the following
categories: (1) SBP less than 120 mm Hg, (2) 120 < SBP < 140 mm Hg, (3) 140 < SBP < 160 mm Hg, (4) 160 < SBP <
180 mm Hg, (5) 180 < SBP < 200 mm Hg, and (6) SBP of 200 mm Hg or greater. Conventional and time-varying
models evaluated 1-year and 3-year (incident patients only) survival. Results: Nine percent and 26.0% of incident
patients and 5.7% and 20.1% of prevalent patients were in categories 1 and 2, respectively. Their associated 1-year
hazard ratios (HRs) were 2.63 to 3.68 and 1.57 to 1.68 compared with category 4, the reference group. HRs for
categories 3, 5, and 6 were not different from category 4. Time-varying models magnified category 1 and 2 HRs to
5.54 to 7.42 and 1.92 to 2.21, such that 25% to 35% of patients in the target SBP range (<140 mm Hg) had the greatest
risk. A “reversed J-shaped” risk profile emerged in the time-varying models, with very high SBP (category 6)
associated with HRs of 1.52 to 1.55, but only 1% of patients were in category 6. Three-year outcomes were similar.
Conclusion: Epidemiological characteristics of predialysis SBP consistently differ from those in the general
population despite different analytic perspectives. The data suggest a need for greater investigative, diagnostic, and
therapeutic focus on HD patients with normal and prehypertensive blood pressure ranges. Am J Kidney Dis 48:606-615.
© 2006 by the National Kidney Foundation, Inc.

INDEX WORDS: Hemodialysis; mortality risk; systolic blood pressure; survival; blood pressure; reverse
epidemiology.

HYPERTENSION USUALLY BEGINS in
the early stages of renal disease and is still

prevalent in up to 80% of hemodialysis (HD)
patients.1-4 However, the association of greater
mortal risk in patients with “normal” blood pres-
sure (BP) than high BP was observed more than a
decade ago.5 More recent reports confirmed the
association.6-10 The term reverse epidemiology10

has been used to describe this counterintuitive
phenomenon. Those findings recently were ques-
tioned on methodological grounds,11 and current
clinical guidelines for BP management in HD
patients address only the management of BP
exceeding 140/90 mm Hg.12

The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation
and Treatment of High Blood Pressure defined a
4-level classification for systolic BP (SBP) in the
general population as follows: normal (SBP !
120 mm Hg), prehypertension (120 ! SBP ! 140
mm Hg), stage 1 hypertension (140 ! SBP !
160 mm Hg), and stage 2 hypertension (SBP " 160
mm Hg).13 The practice guideline for HD patients
therefore requires SBP to be in the prehypertensive
range or less.

The guidelines,12 lack of understanding about
the meaning of normal SBP in HD patients, and
questioning of prior literature11 prompted us to
reevaluate the epidemiological associations of
SBP with death risk in HD patients by using a
combination of patient sampling and analytic
strategies. A clear understanding of those associa-
tions could lay foundations for future physiolog-
ical studies, randomized trials comparing specific
cardiovascular and BP management strategies, and,
perhaps, changes in clinical practice.
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Multiphasic effects of blood pressure on survival in
hemodialysis patients
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Dialysis patients exhibit an inverse, L- or U-shaped
association between blood pressure and mortality risk, in
contrast to the linear association in the general population.
We prospectively studied 9333 hemodialysis patients in
France, aiming to analyze associations between predialysis
systolic, diastolic, and pulse pressure with all-cause
mortality, cardiovascular mortality, and nonfatal
cardiovascular endpoints for a median follow-up of 548
days. Blood pressure components were tested against
outcomes in time-varying covariate linear and fractional
polynomial Cox models. Changes throughout follow-up
were analyzed with a joint model including both the time-
varying covariate of sequential blood pressure and its slope
over time. A U-shaped association of systolic blood
pressure was found with all-cause mortality and of both
systolic and diastolic blood pressure with cardiovascular
mortality. There was an L-shaped association of diastolic
blood pressure with all-cause mortality. The lowest hazard
ratio of all-cause mortality was observed for a systolic
blood pressure of 165 mm Hg, and of cardiovascular
mortality for systolic/diastolic pressures of 157/90 mm Hg,
substantially higher than currently recommended values
for the general population. The 95% lower confidence
interval was approximately 135/70 mm Hg. We found no
significant correlation for either systolic, diastolic, or pulse
pressure with myocardial infarction or nontraumatic
amputations, but there were significant positive
associations between systolic and pulse pressure with
stroke (per 10-mm Hg increase: hazard ratios 1.15, 95%
confidence interval 1.07 and 1.23; and 1.20, 1.11 and 1.31,
respectively). Thus, whereas high pre-dialysis blood
pressure is associated with stroke risk, low pre-dialysis

blood pressure may be both harmful and a proxy for
comorbid conditions leading to premature death.
Kidney International (2016) 90, 674–684; http://dx.doi.org/10.1016/
j.kint.2016.05.025

KEYWORDS: cardiovascular disease; hemodialysis; hypertension
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M ore than 2 million patients are receiving long-term
dialysis therapy worldwide, and their survival rate
is unacceptably low. In the general population, the

risk of cardiovascular and all-cause mortality increases
continuously and linearly with the increase in blood pressure
(BP), without any evidence of a threshold.1 Conversely,
reduction in BP by antihypertensive drugs decreases the car-
diovascular risk in proportion to the BP-lowering effect, albeit
with a small residual risk.2 Recent evidence pointed to a J-
curve association between BP and mortality in elderly adults
and patients with pre-existing coronary artery disease.3,4 The
risk of mortality is higher at lower levels of BP achieved under
treatment. The nadir of the J curve is considered the target BP,
at least in patients with a high coronary risk, although the
value of the precise inflection point is still a matter of debate.

In dialysis patients, nearly all observational studies have
reported a U-shaped or even an L-shaped association between
BP and all-cause mortality, with higher mortality at low BP
values and either no or only a small increase in mortality with
increasing BP.5–10 These paradoxical findings have been
coined “reverse epidemiology” as they largely differ from the
association observed in the general population and have
generated some form of therapeutic nihilism regarding the
treatment of hypertension in the dialysis population. For
example, data from a large US cohort indicates that the BP of
as many as 60% of dialysis patients was either untreated or
inadequately treated, whereas the prevalence of arterial hy-
pertension was nearly 90%.11

Several explanations, which are not mutually exclusive,
have been proposed to explain the so-called reverse epidemi-
ology, including poor assessment of BP, measurement of the
wrong components of BP (i.e., pulse pressure [PP] vs. systolic

Correspondence: T. Hannedouche, Department of Nephrology, Hôpitaux
Universitaires de Strasbourg, University School of Medicine, Strasbourg,
France 67000. E-mail: thannedouche@unistra.fr
8See Appendix for list of regional study coordinators and study
investigators.
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Reverse Epidemiology of Hypertension and Cardiovascular
Death in the Hemodialysis Population

The 58th Annual Fall Conference and Scientific Sessions

Kamyar Kalantar-Zadeh, Ryan D. Kilpatrick, Charles J. McAllister, Sander Greenland, Joel D. Kopple

Abstract—Maintenance hemodialysis patients in the United States have a high prevalence (!80%) of systolic hypertension
and a high mortality (!20% per year). Some reports indicate a paradoxical association between hypertension and
morality in hemodialysis patients (ie, a normal to low blood pressure is associated with poor outcome), whereas high
pressure confers survival advantages, a phenomenon referred to as “reverse epidemiology.” We hypothesized that
malnutrition-inflammation complex syndrome may be a cause of this paradoxical association. We studied a 15-month
cohort of 40 933 hemodialysis patients in the United States whose predialysis and postdialysis blood pressure values
were recorded routinely during each hemodialysis treatment. Patients were 59.8"15.3 years old; 54% were women and
46% diabetics. Cox proportional hazard models were used for blood pressure categories (systolic #110, !190 mm Hg;
diastolic #50, !110; and increments of 10 mm Hg in between). Unadjusted, case-mix and dialysis dose–adjusted, and
additional malnutrition-inflammation–adjusted hazard ratios of all-cause and cardiovascular death showed progressively
increasing all-cause and cardiovascular death risk for decreasing blood pressure values. The lowest mortality was
associated with predialysis systolic pressure of 160 to 189 mm Hg, whereas normal to low predialysis pressure values
were associated with significantly increased mortality. Adjustment for the malnutrition-inflammation mitigated only a
small portion of paradoxical associations between the low blood pressure and mortality. Predialysis systolic
hypertension remained a significant predictor of highest all-cause and cardiovascular survival rate. Although these
associations may not be causal, they call into question whether treatment goals for the general population can be applied
to dialysis patients or other similar populations. (Hypertension. 2005;45[part 2]:811-817.)

Key Words: epidemiology ! cardiovascular diseases

Eighty percent of a 250 000 maintenance hemodialysis
(MHD) patients in the United States have systolic

hypertension (HTN).1 Approximately two thirds of Amer-
ican MHD patients die within 5 years of initiation of
chronic dialysis treatment, mostly because of cardiovascu-
lar (CV) disease.1 HTN is a known risk factor of CV
disease in the general population.2 Hence, HTN has been
implicated as a major cause of poor clinical outcome and
high mortality in MHD patients. However, efforts to treat
conventional CV risk factors in MHD patients including
HTN, hypercholesterolemia, and hyperhomocysteinemia
have not resulted in significant improvement of their poor
clinical outcome.1 Surprisingly, several recent studies have
indicated an inverse association between blood pressure
(BP) values and death in MHD patients (ie, a high
mortality rate has been paradoxically observed in MHD
patients who have a low rather than a high predialysis BP,
whereas high BP values have been shown to confer

survival advantages).3–5 Similar inverse associations have
also been observed between mortality and body mass index
(BMI),6 serum concentrations of cholesterol,7 homocys-
teine,8 and advanced glycation end-products,9 and other
traditional risk factors. The phenomenon has been referred
to as reverse epidemiology.10 In addition to MHD patients,
an estimated number of 20 to 40 million Americans may
have a reverse epidemiology, including patients with
advanced age, chronic heart failure (CHF), AIDS, and
malignancies.11 The occurrence of protein-energy malnu-
trition and inflammation, together also known as
malnutrition-inflammation complex syndrome (MICS),
which is frequently found in MHD patients, has been
implicated as a main cause of the reverse epidemiology in
MHD patients.10,12 However, it is not clear whether MICS
can explain the entire reverse epidemiology of HTN in
MHD patients. We hypothesized that the reverse epidemi-
ology of HTN is a robust phenomenon for all-cause and
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sion, including those with stage 2!! hyperten-
sion. The Cox analyses again suggest that SBP in
the normal and prehypertensive range is associ-
ated with the greatest risk; the risk profile is
accentuated by time-varying analyses, very high
SBP becomes associated significantly with risk
only in the time-varying analyses, and statistical
adjustments for case-mix and BSA did not alter
results. Finally, addition of admission year to the
models did not alter these findings (analyses not
shown).

SBP Change During Follow-Up
Survival analyses were supplemented with

simple SBP change analyses to better understand
why the apparent risks associated with normal
and stage 2!! hypertension were amplified by the
time-varying Cox models compared with conven-
tional models. The top panels of Fig 6 show com-
parisons of the first and last SBPs measured in
patients who survived 1 year on dialysis therapy
with those who died. The pairwise change in SBPs
is shown in the bottom panels.

Average SBP of incident patients who sur-
vived for 1 year increased from 149.9 to 153.2
mm Hg, a difference of 3.26 mm Hg (P "
0.0001). Conversely, incident patients who died
showed a decrease in average SBP from 140.6 to
134.7 mm Hg, a difference of #5.44 mm Hg
(P " 0.0001). In the prevalent cohort, survivors
maintained their average SBP from 154.3 to

154.1 mm Hg (difference, P $ 0.05), whereas
those who died had a decrease from 148.4 to
137.9 mm Hg, a difference of #10.5 mm Hg
(P " 0.0001).

SBP for patients with SBP less than 120 mm
Hg who lived 1 year increased by averages of
19.8 (incident patients) and 10.4 mm Hg (preva-
lent patients). Conversely, it was relatively un-
changed in dying patients, increasing by only 1.9
mm Hg (incident patients) or decreasing by 2.7
mm Hg (prevalent patients). SBP tended to de-
crease more dramatically in dying than living pa-
tients in all SBP categories (P " 0.0001), with the
possible exception of stage 2!! hypertension. The
decrease in SBPs for incident patients in the refer-
ence category (160 " SBP ! 180 mm Hg) who
lived and died averaged 5.8 and 14.1 mm Hg,
respectively: a difference of 8.3 mm Hg. Similar
values for prevalent patients in that category were
5.1 and 14.2 mm Hg, a similar difference of 9.1
mm Hg. However, living-dying differences were
much less in patients with stage 2!! hypertension:
4.0 mm Hg for incident patients (#31.2 and #35.2
mm Hg, respectively) and 2.7 mm Hg for prevalent
patients (#24.5 and #27.2 mm Hg, respectively).

DISCUSSION

This study evaluates the epidemiological asso-
ciations of SBP with death risk by using a variety
of analytic approaches to ascertain robustness of
the observations. We used 2 sampling methods
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Fig 5. Three-year survival risk profiles of predialysis categorical SBP in the incident sample.
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with other chronic diseases such as heart failure. This author
suggested that the U curve describing the association between
BP and outcomes in dialysis patients may result from the
summation of different associations in 2 discrete patient
subgroups. The first subgroup with heart failure would
exhibit an inverse association between BP and mortality,
similar to that observed in patients with advanced chronic
heart failure but in the absence of chronic kidney disease. In
these patients, low BP would be a proxy for low cardiac
output and, hence, closely associated with worse outcomes in

the short term. The second group would correspond to pa-
tients without heart failure but with arterial hypertension as a
consequence of sympathetic activation, volume overload, and
arterial stiffness. These patients would be primarily exposed
to the deleterious effects of hypertension and exhibit the
typical direct association between BP and mortality over the
long term. Accordingly, among patients on hemodialysis, the
ability to raise an elevated blood pressure further in response
to fluid accumulated between hemodialysis sessions may
represent a sign of relative health. However, the same

50 70 90 110 130 150 170 190 210 230
SBP (mm Hg)

50 70 90 110 130 150 170 190 210 230
SBP (mm Hg)

40 60 80 100 120
DBP (mm Hg)

40 60 80 100 120
DBP (mm Hg)

1600
1200

800
400

0

P
at

ie
nt

s
H

az
ar

d 
R

at
io

H
az

ar
d 

R
at

io
0

1
2

3
4

5
6

1200
1000

800
600
400
200

0

0
1

2
3

4

P
at

ie
nt

s

a

b

Figure 1 | Multivariate-adjusted hazard ratios (95% confidence intervals) of all-cause mortality associated with systolic blood pressure
(a) and diastolic blood pressure (b). Values were calculated in time-varying covariate Cox models using fractional polynomials for the blood
pressures and adjusted for sex, age, dialysis vintage, serum values of corrected albumin, C-reactive protein, phosphate, and uncorrected total
calcium, plasma corrected intact parathyroid hormone level, blood hemoglobin concentration, use of antihypertensive therapy, diabetes
mellitus, and history of cardiovascular disease and smoking. The histograms depict the number of patients at inclusion for each incremental
bracket of 5 mm Hg. Powers of fractional polynomials: SBP [2 2], DBP [!2 !2] (see explanation in legend of Table 2). DBP, diastolic blood
pressure; SBP ¼ systolic blood pressure.
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heart disease, and CHF. However, after development of
cardiac failure, low BP predicts mortality and is a potential
marker for severity of cardiac disease.27,43 Hence, it is
possible that low BP in MHD patients is preceded by HTN
and its CV consequences during early stages of chronic
kidney disease; although mechanisms that maintain eleva-
tion of BP may fail gradually by the time the end-stage
renal disease is reached, the impaired CV system may
persist. In addition, patients presenting with baseline
predialysis hypotension may possess such subclinically
significant risk factors or comorbidities as heart failure or
ischemic cardiomyopathy.30 However, even if we assume
that the reverse association between BP and mortality in
MHD patients is attributable to coexistence of CHF in
these patient populations, the question as to why the
reverse epidemiology exists in CHF patients remains to be
answered. Low BP may also be a reflection of autonomic
neuropathy that, in turn, is a marker for more severe
uremic complications. Because antihypertensive drug ther-
apy may contribute to low predialysis systolic BP, one may
hypothesize that either overmedication (perhaps specific
antihypertensive agents) or cardiac pump failure is the
major contributor to the observed associations. We did not
have the medication data for this cohort, and to our

knowledge, virtually no other study has examined the
potential role of medications as a cause of low BP and
increased mortality in such large populations of dialysis
patients.

The concept of reverse epidemiology may appear counter-
intuitive, especially because HTN is an established risk factor
for CV disease and poor outcome in the general population.
Nonetheless, given the consistency of the observations among
MHD patients, there must be population-specific conditions,
which render these populations more susceptible to a poor
outcome when low BP is present while protecting them when
HTN coexists. Several explanations have been suggested,
including a more stable hemodynamic status and neurohor-
monal alterations in obese and hypertensive individuals,44

endotoxin–lipoprotein interaction,45 reverse causation,46 sur-
vival bias,10 time discrepancies among competitive risk fac-
tors (overnutrition versus undernutrition),10 and the over-
whelming effect of MICS on traditional CV risk factors.12

Moreover, normal to low predialysis BP may increase the risk
of ischemic injury during the hemodialysis and ultrafiltration
procedures leading to increased mortality in MHD patients.47

Because most MHD patients die within 5 years of commenc-
ing dialysis treatment, the long-term effects of conventional
CV risk factors on future mortality might be overwhelmed by

Association between BP and 15-month CV death in 40 933 MHD patients (95% confidence interval bars are depicted). Note that the
unadjusted models also include entry quarter. **MICS-adjusted models also include all covariates in the previous models.

Kalantar-Zadeh et al Reverse Epidemiology of Hypertension 815
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Predialysis Blood Pressure and Mortality Risk in a National
Sample of Maintenance Hemodialysis Patients

Friedrich K. Port, MD, Tempie E. Hulbert-Shearon, MS, Robert A. Wolfe, PhD,
Wendy E. Bloembergen, MD, Thomas A. Golper, MD,
Lawrence Y.C. Agodoa, MD, and Eric W. Young, MD

● The role of predialysis blood pressure (BP) as a risk factor for the high mortality in chronic hemodialysis (HD)
patients has remained controversial. The objective of the current study was to further explore in a national random
sample of 4,499 US hemodialysis patients any relationship of systolic or diastolic and predialysis or postdialysis BP
with mortality, while considering subgroups of patients and controlling for other patient characteristics and
comorbidities. The main finding of this study is the association of a low predialysis systolic BP with an elevated
adjusted mortality risk (relative mortality risk [RR]! 1.86 for systolic BPF 110, PF 0.0001). No association with an
elevated mortality risk could be observed for predialysis systolic hypertension (RR ! 0.98 to 0.99, not significant
[NS]), except for an elevated risk of cerebrovascular deaths. Postdialysis systolic BP was associated with an elevated
mortality risk both for low and high BP levels as compared with midrange BP. Further evaluation of the elevated
mortality risk associated with low predialysis systolic BP indicated similar patterns for both diabetic and nondia-
betic subgroups and for patients with and without congestive heart failure (CHF) or coronary artery disease, although it
was more pronounced among those with CHF. The level of predialysis fluid excess did not modify these results
substantially. The findings from this historical prospective national study do not argue against the treatment of hyperten-
sion and suggest greater attention to postdialysis hypertension. The strikingly elevatedmortality riskwith lowpredialysis
systolic BP suggests that low predialysis BP needs to be viewed with great concern and avoided where possible.
" 1999 by the National Kidney Foundation, Inc.

INDEXWORDS: Hemodialysismortality; blood pressure; diabetic end-stage renal disease; heart disease in dialysis;
hypertension in dialysis; hypotension in dialysis.

Editorial, p. 592

SYSTOLIC AND diastolic hypertension
(HTN) are established risk factors for myo-

cardial infarction, cerebrovascular accidents, and
death in the nondialysis population.1,2 HTN is a
frequent complication of renal disease and is
common in maintenance hemodialysis (HD) pa-
tients. In the United States, 75% of HD patients
could be labeled as hypertensive by the fact that
they were prescribed antihypertensive medica-
tions.3 In these patients, HTN may be aggravated
or primarily caused by excess extracellular fluid
volume,4,5 which may be a reason for differences
in the prevalence of hypertension in different
centers. An association between excess interdia-
lytic weight gain and use of antihypertensive
medication has been shown.6 It is clear, however,
that other factors also contribute to HTN in
dialysis patients.7
Evidence for heart disease is found in most

HD patients in a national sample of US dialysis
patients.8,9 Congestive heart failure (CHF) was
documented in 41% and coronary artery disease
(CAD) also in 41% (combined for either condi-
tion! 65%) according to medical record abstrac-
tion of prevalent HD patients in 1990.9

Dialysis patients also have a high mortality
rate due to cardiovascular causes, specifically
myocardial infarction and cerebrovascular acci-
dents. It has long been assumed that the role of
HTN in the development of cardiovascular com-
plications applies equally to dialysis patients as
to the general population and that it is also an
independent risk factor for mortality among HD
patients.
Several studies have indeed suggested that

predialysis HTN among chronic HD patients
reflects HTN during the interdialytic period10
and is associated with increasedmortality risk.11,12
This has led several advisors to focus on predialy-
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gain (percent weight gain), at study start. Only patients with
available predialysis and postdialysis weight measurements
were included in these analyses, and patients had to be on
dialysis for at least 1 year (n! 2,584).
To look more closely at the effect of heart disease on

mortality, the patients were divided into four groups, based
on the presence or absence of heart disease at or before the
study start, and four separate models were fit to predict

mortality on the basis of predialysis systolic BP. These four
groups included those with CHF only (n ! 653, 14.5%);
CAD only, includingmyocardial infarction (n! 821, 18.2%);
both CHF and CAD (n ! 1,234, 27.4%); and neither
condition (n ! 1,791, 39.8%). The four models were ad-
justed and stratified in the same fashion as in the main model
(model 2). The same models were also fit for these four
groups, excluding patients with diabetes as the cause of
ESRD.

BP and Causes of Death
To explore the possibility that high or low BP might be

associated with particular causes of death, deaths were
categorized as due to CAD, ‘‘other cardiac,’’ CVD deaths,
and ‘‘all other.’’ Time to a particular cause of death was the
outcome for these analyses. Deaths from other causes were
censored (ie, patients were no longer at risk of dying of the
cause of interest). Additional Cox proportional hazards re-
gression models with the adjustments of the main model
were fit to determine the relationship of systolic, diastolic,
and mean arterial blood pressure with specific causes of
death categories.

RESULTS

The patient characteristics and percentage of
study patients with various comorbid conditions
are listed in Table 1. This table also shows the
factors used for statistical adjustment in three
separate models.
Figure 1 shows the relative mortality risk (RR)

for patients in each of five predialysis systolic BP
groupings using three levels of statistical adjust-
ments (three models). The comparison group
(reference) was chosen to include patients with
systolic BP between 120 and 149 mmHg, (RR!
1.00). The results from the three models were

Table 1. Description of Study Patients and Levels
of Adjustment for Three Models

Percent of
Patients or
Mean ("SD)

Stratification (models 1, 2, and 3)
Age at study start date (yr)
Under 30 5.8%
30-39 10.1%
40-49 13.6%
50-59 17.6%
60-69 27.1%
70 and over 25.7%

Race—white (other) 57.1%
Sex—female (male) 50.0%
Diabetes as cause of ESRD (other) 25.7%

Noncardiovascular comorbid conditions
and patient characteristics
(models 2 and 3)

Age at study start date—continuous
variable (yr) 57.8 ("15.9)

Serum albumin* 3.77 ("0.43)
Body mass index (used as logarithm

[ln] BMI)* 23.8 ("0.22)
Body mass index missing 15.6%
Smoker (any v none) 55.4%
Duration of prior ESRD*—continuous

(yr) 4.49 ("3.69)
Diabetes, not cause of ESRD 10.2%
Insulin therapy (% of all) 19.8%
Peripheral vascular disease 22.0%
Chronic obstructive pulmonary

disease 11.6%
Neoplasm 9.3%
Inability to ambulate or transfer 18.5%

Cardiovascular comorbid conditions
(model 3)

Congestive heart failure 41.9%
Prior diagnosis or treatment of coro-

nary heart disease 45.7%
Myocardial infarction 14.7%
Cardiac arrest 2.7%
Arrhythmia or atrial fibrillation 30.6%
Pericarditis 6.9%
Cerebrovascular accident or transient

ischemic attacks, CVD 15.7%

*Missing values replaced with the mean; models pa-
rameterized to allow a change in slope of mortality risk at
serum albumin 3.25 and 4 and at BMI ! 25.

Fig 1. RR according to predialysis systolic BP com-
pared with the reference group of 120 to 149 mm Hg
(RR! 1.00). Three separate models are shown accord-
ing to the level of statistical adjustment (see Table 1).
*PF 0.0001.
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Achieving 
blood pressure targets during dialysis improves 
control but increases intradialytic hypotension.
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Incident & prevalent patients: same pattern

The Epidemiology of Systolic Blood Pressure and Death Risk
in Hemodialysis Patients

Zhensheng Li, MD, Eduardo Lacson Jr, MD, Edmund G. Lowrie, MD, Norma J. Ofsthun, PhD,
Martin K. Kuhlmann, MD, J. Michael Lazarus, MD, and Nathan W. Levin, MD

● Background: This study compares the associations of predialysis systolic blood pressure (SBP) with mortality
risk in both incident and prevalent hemodialysis (HD) cohorts by using both conventional and time-varying Cox
analyses, thus addressing limitations of prior studies. Methods: A total of 56,338 incident patients starting HD
therapy during 1997 to 2001 and 69,590 prevalent HD patients on January 1, 2002, were grouped into the following
categories: (1) SBP less than 120 mm Hg, (2) 120 < SBP < 140 mm Hg, (3) 140 < SBP < 160 mm Hg, (4) 160 < SBP <
180 mm Hg, (5) 180 < SBP < 200 mm Hg, and (6) SBP of 200 mm Hg or greater. Conventional and time-varying
models evaluated 1-year and 3-year (incident patients only) survival. Results: Nine percent and 26.0% of incident
patients and 5.7% and 20.1% of prevalent patients were in categories 1 and 2, respectively. Their associated 1-year
hazard ratios (HRs) were 2.63 to 3.68 and 1.57 to 1.68 compared with category 4, the reference group. HRs for
categories 3, 5, and 6 were not different from category 4. Time-varying models magnified category 1 and 2 HRs to
5.54 to 7.42 and 1.92 to 2.21, such that 25% to 35% of patients in the target SBP range (<140 mm Hg) had the greatest
risk. A “reversed J-shaped” risk profile emerged in the time-varying models, with very high SBP (category 6)
associated with HRs of 1.52 to 1.55, but only 1% of patients were in category 6. Three-year outcomes were similar.
Conclusion: Epidemiological characteristics of predialysis SBP consistently differ from those in the general
population despite different analytic perspectives. The data suggest a need for greater investigative, diagnostic, and
therapeutic focus on HD patients with normal and prehypertensive blood pressure ranges. Am J Kidney Dis 48:606-615.
© 2006 by the National Kidney Foundation, Inc.

INDEX WORDS: Hemodialysis; mortality risk; systolic blood pressure; survival; blood pressure; reverse
epidemiology.

HYPERTENSION USUALLY BEGINS in
the early stages of renal disease and is still

prevalent in up to 80% of hemodialysis (HD)
patients.1-4 However, the association of greater
mortal risk in patients with “normal” blood pres-
sure (BP) than high BP was observed more than a
decade ago.5 More recent reports confirmed the
association.6-10 The term reverse epidemiology10

has been used to describe this counterintuitive
phenomenon. Those findings recently were ques-
tioned on methodological grounds,11 and current
clinical guidelines for BP management in HD
patients address only the management of BP
exceeding 140/90 mm Hg.12

The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation
and Treatment of High Blood Pressure defined a
4-level classification for systolic BP (SBP) in the
general population as follows: normal (SBP !
120 mm Hg), prehypertension (120 ! SBP ! 140
mm Hg), stage 1 hypertension (140 ! SBP !
160 mm Hg), and stage 2 hypertension (SBP " 160
mm Hg).13 The practice guideline for HD patients
therefore requires SBP to be in the prehypertensive
range or less.

The guidelines,12 lack of understanding about
the meaning of normal SBP in HD patients, and
questioning of prior literature11 prompted us to
reevaluate the epidemiological associations of
SBP with death risk in HD patients by using a
combination of patient sampling and analytic
strategies. A clear understanding of those associa-
tions could lay foundations for future physiolog-
ical studies, randomized trials comparing specific
cardiovascular and BP management strategies, and,
perhaps, changes in clinical practice.
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patients, except that higher HRs were observed in
the stage 2! category in 2 of 3 analyses using the
conventional model. The profiles suggest improve-
ment in death risk with increasing SBP into the
range of 160 to 180 mm Hg. Similarly, category 6,

stage 2!!, was associated significantly with greater
relative death risk only in time-varying analyses.
Addition of the vintage category to the models did
not result in a meaningful change in risk profiles
(analyses not shown).

Table 2. One-Year Death Hazard Analyses: Incident Patient Sample

Conventional Cox Model Time-Varying Cox Model
Analysis

Wald
Chi-Square P HR

95% Confidence
Interval

Wald
Chi-Square P HR

95% Confidence
IntervalSBP Group (mm Hg)

Unadjusted
"120 1,355.6 "0.0001 3.682 3.435-3.946 2,247.1 "0.0001 7.419 6.829-8.060
120-140 263.3 "0.0001 1.682 1.580-1.792 335.0 "0.0001 2.214 2.033-2.411
140-160 6.4 0.012 1.085 1.018-1.155 19.8 "0.0001 1.221 1.118-1.333
160-180 0.0 Reference 1.000 0.0 Reference 1.000
180-200 0.2 NS 0.976 0.877-1.088 0.2 NS 0.972 0.853-1.108
!200 0.7 NS 1.104 0.873-1.397 4.4 0.0357 1.248 1.015-1.536

Case-mix
adjusted

"120 994.4 "0.0001 3.143 2.927-3.375 1,872.3 "0.0001 6.497 5.969-7.071
120-140 194.0 "0.0001 1.573 1.476-1.676 283.8 "0.0001 2.096 1.923-2.285
140-160 3.6 0.059 1.063 0.998-1.133 16.2 "0.0001 1.199 1.098-1.311
160-180 0.0 Reference 1.000 0.0 Reference 1.000
180-200 0.3 NS 0.970 0.870-1.081 0.1 NS 0.983 0.862-1.120
!200 0.7 NS 1.108 0.876-1.401 4.9 0.0274 1.264 1.026-1.557

Case-mix ! BSA
adjusted

"120 898.6 "0.0001 3.191 2.957-3.442 1,594.8 "0.0001 6.273 5.733-6.865
120-140 171.9 "0.0001 1.576 1.472-1.687 233.8 "0.0001 2.042 1.864-2.238
140-160 4.1 0.043 1.072 1.002-1.147 12.3 0.0005 1.183 1.077-1.299
160-180 0.0 Reference 1.000 0.0 Reference 1.000
180-200 0.2 NS 0.977 0.870-1.097 0.2 NS 0.972 0.845-1.117
!200 0.4 NS 1.085 0.842-1.397 4.5 0.0341 1.268 1.018-1.580

Abbreviation: NS, not significant (P # 0.10).
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Fig 3. Risk profiles of predialysis SBPs in the incident sample.
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Incident Sample 3-Year Survival
Figure 5 shows corresponding Cox model re-

sults for the 3-year follow-up of the incident

cohort. Patients with initial SBP in the normal
and prehypertensive range experienced notice-
ably worse survival than patients with hyperten-

Table 3. One-Year Death Hazard Analyses: Prevalent Patient Sample

Conventional Cox Model Time-Varying Cox Model
Analysis

Wald
Chi-Square P HR

95% Confidence
Interval

Wald
Chi-Square P HR

95% Confidence
IntervalSBP Group (mm Hg)

Unadjusted
!120 793.1 !0.0001 2.769 2.579-2.972 1,682.2 !0.0001 5.949 5.463-6.479
120-140 295.0 !0.0001 1.627 1.539-1.720 254.5 !0.0001 2.029 1.860-2.213
140-160 15.5 !0.0001 1.111 1.054-1.171 19.8 !0.0001 1.224 1.120-1.338
160-180 0.0 Reference 1.000 0.0 Reference 1.000
180-200 4.8 0.029 1.090 1.009-1.178 0.7 NS 1.054 0.933-1.191
!200 3.4 NS 1.192 0.990-1.435 20.5 !0.0001 1.520 1.268-1.823

Case-mix
adjusted

!120 640.9 !0.0001 2.644 2.452-2.851 1,403.8 !0.0001 5.587 5.106-6.114
120-140 223.9 !0.0001 1.569 1.479-1.664 192.8 !0.0001 1.917 1.749-2.101
140-160 11.2 0.0008 1.100 1.040-1.163 16.8 !0.0001 1.216 1.107-1.334
160-180 0.0 Reference 1.000 0.0 Reference 1.000
180-200 4.5 0.034 1.092 1.006-1.185 1.0 NS 1.069 0.940-1.214
!200 2.5 NS 1.171 0.961-1.428 20.8 !0.0001 1.554 1.286-1.879

Case-mix " BSA
adjusted

!120 636.0 !0.0001 2.634 2.443-2.840 1,365.6 !0.0001 5.535 5.054-6.060
120-140 232.3 !0.0001 1.582 1.491-1.678 192.7 !0.0001 1.926 1.756-2.113
140-160 12.9 0.0003 1.107 1.048-1.171 17.1 !0.0001 1.220 1.110-1.340
160-180 0.0 Reference 1.000 0.0 Reference 1.000
180-200 3.8 NS 1.084 0.999-1.177 1.0 NS 1.067 0.938-1.213
!200 1.5 NS 1.133 0.930-1.381 18.8 !0.0001 1.523 1.259-1.843

Abbreviation: NS, not significant (P # 0.10).
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Fig 4. Risk profiles of predialysis SBPs in the prevalent sample.
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Chronic Fluid Overload and Mortality in ESRD
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ABSTRACT
Sustained fluid overload (FO) is considered a major cause of hypertension, heart failure, and mortality in
patients with ESRD on maintenance hemodialysis. However, there has not been a cohort study investi-
gating the relationship between chronic exposure to FO and mortality in this population. We studied the
relationship of baseline and cumulative FO exposure over 1 year with mortality in 39,566 patients with
incident ESRD in a large dialysis network in 26 countries using whole-body bioimpedance spectroscopy to
assess fluid status. Analyses were applied across three discrete systolic BP (syst-BP) categories (,130,
130–160, and .160 mmHg), with nonoverhydrated patients with syst-BP=130–160 mmHg as the refer-
ence category;.200,000 FOmeasurements were performed over follow-up. Baseline FO value predicted
excess risk of mortality across syst-BP categories (,130 mmHg: hazard ratio [HR], 1.51; 95% confidence
interval [95%CI], 1.38 to 1.65; 130–160mmHg: HR, 1.25; 95%CI, 1.16 to 1.36;.160mmHg: HR, 1.30; 95%
CI, 1.19 to 1.42; all P,0.001). However, cumulative 1-year FO exposure predicted a higher death risk
(P,0.001) across all syst-BP categories (,130 mmHg: HR, 1.94; 95% CI, 1.68 to 2.23; 130–160 mmHg: HR,
1.51; 95%CI, 1.35 to 1.69;.160mmHg: HR, 1.62; 95%CI, 1.39 to 1.90). In conclusion, chronic exposure to
FO in ESRD is a strong risk factor for death across discrete BP categories. Whether treatment policies that
account for fluid status monitoring are preferable to policies that account solely for predialysis BP mea-
surements remains to be tested in a clinical trial.

J Am Soc Nephrol 28: ccc–ccc, 2017. doi: 10.1681/ASN.2016121341

Life expectancy inpatientswithESRD isnotoriously
very limited.1 Progress in technology notwith-
standing, the prognosis in ESRD has shown only
modest improvement over the last decades.2 Con-
trolling the high prevalence of fluid overload (FO)
in this population is considered an unmet clinical
need, and there is a quest for clinical policies spe-
cifically aimed at optimizing the control of FO to
improve the dim prognosis of patients with ESRD.3

However, until now, the relationship between ob-
jectively measured FO and mortality has been in-
vestigated in just three small studies in prevalent
patients,4–6 and FO in these studies was quantified
only at baseline.

In the Fresenius Medical Care (FMC) dialysis
network, systematic measurements of FO over
time were implemented in 2009 and 2010. We

have, therefore, used the extensive clinical data-
base from this large international dialysis network
to estimate the risk of death by chronic fluid vol-
ume excess in a large cohort of patients on incident
hemodialysis treated in FMC centers in 26 coun-
tries in Europe, Africa, the Middle East, and Latin
America. Overall, analyses in this study are on the
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patients died in the nonoverhydrated group. As presented in
detail in Figure 4, right panel and Table 3 (detailed description
of the full model), the independent risk attributable to chronic
FO in patients with BP,130 or.160 mmHg was comparable
in magnitude or higher than that of coronary artery disease
(HR, 1.63; 95% CI, 1.46 to 1.82), congestive heart failure (HR,
1.65; 95% CI, 1.52 to 1.81), or an increase in age of$12 years
(HR, 1.48; 95% CI, 1.39 to 1.56), and excluding BP from the
multivariate model did not materially change the HR associ-
ated with FO (HR, 1.50; 95% CI, 1.38 to 1.64).

In this subcohort of patientswho survived at least 1 year, the
relationship between systolic BP and mortality was U shaped,
and the risk of death was minimal in the 130- to 160-mmHg
category (Figure 3). Of note, the fully adjusted risk associated
with cumulative exposure to FO was substantially higher than
that estimated for baseline FO across all BP strata (Figure 4).
Fluid-overloaded patients with either high BP (.160 mmHg;
HR, 1.62; 95% CI, 1.39 to 1.90) or low BP (,130 mmHg; HR,

1.94; 95% CI, 1.68 to 2.23) exhibited the
highest risk of death, whereas the mortality
riskwas intermediate in overhydrated patients
with normal BP (130–160 mmHg; HR, 1.51;
95% CI, 1.35 to 1.69); such as in the analysis
on the basis of the baseline FO, the death risk
was substantially lower in nonoverhydrated
patients. Indeed, the risk was just 19% higher
than that in the reference category (BP=130–
160 mmHg) in patients with low BP (HR,
1.19; 95% CI, 1.06 to 1.33) and 18% higher
in patients with high BP (HR, 1.18; 95% CI,
1.00 to 1.38). No effect modification by type
of treatment (hemodialysis versus hemodiafil-
tration) or country was registered (P.0.20).

In a sensitivity analysis with face to face
comparison of the fully adjusted HR of
1-year cumulative exposure to FO (in the
22,845 patients who survived at least 1

year) with the HR of the baseline FO in the same patients,
the risk of cumulative FO exposure (see above) was again
more pronounced than the corresponding risk estimated by
the baseline FO measurement across all systolic BP categories
(,130 mmHg: HR, 1.32; 95% CI, 1.15 to 1.51 versus 130–160
mmHg: HR, 1.13; 95%CI, 1.00 to 1.27 and.160 mmHg: HR,
1.21; 95% CI, 1.06 to 1.38; all P,0.001).

DISCUSSION

Chronic exposure to FO as quantified by repeated measure-
ments of body fluids by bioimpedance spectroscopy substan-
tially increased the risk of death across discrete BP categories
in a large cohort of patients on incident hemodialysis. The
magnitude of death risk attributable to chronic FO was com-
parable with that of coronary artery disease or congestive heart
failure per se or an increase in age of $12 years.

Only three studies have tested the rela-
tionship between directlymeasured FO and
the risk of death in the ESRDpopulation.4–6

In these studies—all on the basis of preva-
lent patients and collectively including just
667 patients—FO was measured only at
baseline. We tested the relationship be-
tween exposure to FO and mortality by
two approaches. By the first approach, we
estimated the risk of death associated with
baseline FO in incident patients, which is a
survival bias–free approach. By the second
approach, we investigated the relationship
between cumulative exposure to FO over 1
year and death beyond the first year, an ap-
proach surmising that, like for traditional
risk factors,7–10 the effects of FO are cumu-
lative in nature. In both analyses, the link

Figure 3. Relationship between (left panel) baseline and (right panel) 1-year cumu-
lative systolic BP and mortality. Data are adjusted for the full list of variables in Table 1.

Figure 4. (Left panel) Baseline and (right panel) 1-year cumulative FO and mortality in
patients stratified by predialysis systolic BP. Data are adjusted for the full list of var-
iables in Table 1. Data are HR and 95% CIs. Fluid-overloaded patients had a signif-
icantly higher risk of death compared with nonoverloaded patients across all BP strata
(all P,0.001).
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patients died in the nonoverhydrated group. As presented in
detail in Figure 4, right panel and Table 3 (detailed description
of the full model), the independent risk attributable to chronic
FO in patients with BP,130 or.160 mmHg was comparable
in magnitude or higher than that of coronary artery disease
(HR, 1.63; 95% CI, 1.46 to 1.82), congestive heart failure (HR,
1.65; 95% CI, 1.52 to 1.81), or an increase in age of$12 years
(HR, 1.48; 95% CI, 1.39 to 1.56), and excluding BP from the
multivariate model did not materially change the HR associ-
ated with FO (HR, 1.50; 95% CI, 1.38 to 1.64).

In this subcohort of patientswho survived at least 1 year, the
relationship between systolic BP and mortality was U shaped,
and the risk of death was minimal in the 130- to 160-mmHg
category (Figure 3). Of note, the fully adjusted risk associated
with cumulative exposure to FO was substantially higher than
that estimated for baseline FO across all BP strata (Figure 4).
Fluid-overloaded patients with either high BP (.160 mmHg;
HR, 1.62; 95% CI, 1.39 to 1.90) or low BP (,130 mmHg; HR,

1.94; 95% CI, 1.68 to 2.23) exhibited the
highest risk of death, whereas the mortality
riskwas intermediate in overhydrated patients
with normal BP (130–160 mmHg; HR, 1.51;
95% CI, 1.35 to 1.69); such as in the analysis
on the basis of the baseline FO, the death risk
was substantially lower in nonoverhydrated
patients. Indeed, the risk was just 19% higher
than that in the reference category (BP=130–
160 mmHg) in patients with low BP (HR,
1.19; 95% CI, 1.06 to 1.33) and 18% higher
in patients with high BP (HR, 1.18; 95% CI,
1.00 to 1.38). No effect modification by type
of treatment (hemodialysis versus hemodiafil-
tration) or country was registered (P.0.20).

In a sensitivity analysis with face to face
comparison of the fully adjusted HR of
1-year cumulative exposure to FO (in the
22,845 patients who survived at least 1

year) with the HR of the baseline FO in the same patients,
the risk of cumulative FO exposure (see above) was again
more pronounced than the corresponding risk estimated by
the baseline FO measurement across all systolic BP categories
(,130 mmHg: HR, 1.32; 95% CI, 1.15 to 1.51 versus 130–160
mmHg: HR, 1.13; 95%CI, 1.00 to 1.27 and.160 mmHg: HR,
1.21; 95% CI, 1.06 to 1.38; all P,0.001).

DISCUSSION

Chronic exposure to FO as quantified by repeated measure-
ments of body fluids by bioimpedance spectroscopy substan-
tially increased the risk of death across discrete BP categories
in a large cohort of patients on incident hemodialysis. The
magnitude of death risk attributable to chronic FO was com-
parable with that of coronary artery disease or congestive heart
failure per se or an increase in age of $12 years.

Only three studies have tested the rela-
tionship between directlymeasured FO and
the risk of death in the ESRDpopulation.4–6

In these studies—all on the basis of preva-
lent patients and collectively including just
667 patients—FO was measured only at
baseline. We tested the relationship be-
tween exposure to FO and mortality by
two approaches. By the first approach, we
estimated the risk of death associated with
baseline FO in incident patients, which is a
survival bias–free approach. By the second
approach, we investigated the relationship
between cumulative exposure to FO over 1
year and death beyond the first year, an ap-
proach surmising that, like for traditional
risk factors,7–10 the effects of FO are cumu-
lative in nature. In both analyses, the link

Figure 3. Relationship between (left panel) baseline and (right panel) 1-year cumu-
lative systolic BP and mortality. Data are adjusted for the full list of variables in Table 1.

Figure 4. (Left panel) Baseline and (right panel) 1-year cumulative FO and mortality in
patients stratified by predialysis systolic BP. Data are adjusted for the full list of var-
iables in Table 1. Data are HR and 95% CIs. Fluid-overloaded patients had a signif-
icantly higher risk of death compared with nonoverloaded patients across all BP strata
(all P,0.001).
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neity among studies. Therefore, pooled estimates of overesti-
mation were not possible by the standard meta-analytic meth-
ods. The SD of the difference of the pooled observations was
16.7 mmHg. Therefore, the limits of agreement between the two
methods were 41.7 mmHg to !25.2 mmHg. Predialysis DBP

also overestimated ABP, but heterogeneity between studies
precluded pooling of data (Figure 2). Agreement limits were
similarly wide (23.7 to !18.9 mmHg).

Three studies did not report postdialysis BP; therefore, the
number of paired ABP and dialysis unit BP recordings were

Figure 4. Weighted mean difference between postHD DBP and Diast ABP and their 95% CI.

Figure 5. Average of the dialysis unit BP are plotted against the differences in BP. The error bars reflect the SD of the differences.
The solid horizontal line is the mean bias; the dotted lines are the limits of agreement between the two BP.
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Pre- and Postdialysis Blood Pressures Are Imprecise
Estimates of Interdialytic Ambulatory Blood Pressure
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BP readings that are obtained in the dialysis unit are commonly used to make therapeutic decisions by clinicians and to predict
morbidity and mortality by epidemiologists. Dialysis unit BP are also incorporated in the recent guidelines to target BP
control. The magnitude of the difference, overestimation or underestimation, and agreement between dialysis unit BP and
ambulatory BP (ABP) are unknown. Articles were selected from Medline to identify those that reported both ABP and dialysis
unit BP in hemodialysis patients. Bias was calculated as the difference between dialysis unit and the corresponding ABP.
Agreement limits between the BP measurement techniques were assessed by pooled SD of the difference using Bland-Altman
methods. Predialysis systolic BP generally overestimated ABP by a variable amount. The heterogeneity between BP measure-
ments did not allow for pooling of the estimates. The agreement limits between the two BP was 41.7 to !25.2 mmHg.
Predialysis diastolic BP also generally overestimated the ABP with wide agreement limits (23.7 to !18.9 mmHg). In contrast,
postdialysis BP underestimated average ABP with wide agreement limits for both postdialysis systolic BP (33.1 to !36.3
mmHg) and diastolic BP (19.3 to !23.9 mmHg). Dialysis unit BP measurements are imprecise estimates of ABP. Better methods
are needed for the assessment of BP in hemodialysis patients for clinical decision making.

Clin J Am Soc Nephrol 1: 389–398, 2006. doi: 10.2215/CJN.01891105

H ypertension is perhaps one of the most pervasive
problems of patients with ESRD. Although current
guidelines that focus on cardiovascular disease in

dialysis patients call for hypertension control as a top priority,
the vast majority of patients who are on hemodialysis are
hypertensive and control rates are poor (1). For practical rea-
sons, BP assessment and antihypertensive treatment in patients
with ESRD is performed on the basis of measurements that are
made either immediately before or after dialysis. Such time-
honored practice is widely accepted and formally recom-
mended by clinical guidelines. The recent National Kidney
Foundation Kidney Disease Outcomes Quality Initiative guide-
lines suggest that predialysis and postdialysis BP should be
!140/90 and !130/80 mmHg, respectively (2).

Population-based studies, including the recent Pressioni Ar-
teriose Monitorate e Loro Associazioni (PAMELA) (3) and
Ohasama studies (4) and studies on patients who had hyper-
tension and were referred to a specialist clinic in the Dublin
Outcome Study (5), have demonstrated clearly that ambulatory
BP monitoring (ABPM) provides more accurate prognostic in-

formation than office BP, an issue that seems to be of particular
relevance in the elderly. In a recent analysis of the ABPM
substudy of the Systolic Hypertension in Europe (Syst-Eur) trial
(6), ABPM and clinic BP did not identify the same patients for
antihypertensive treatment, and ABPM was a better predictor
of cardiovascular outcomes than clinic BP. These considerations
are of relevance to patients with ESRD because uremia is a
strong catalyst of the aging process and because patients with
ESRD are older, with an average age of 60 yr.

Given that the population with ESRD is elderly and the
relationship between ABPM and cardiovascular outcomes and
total mortality has scarcely been studied, we examined the
magnitude of the difference between ABPM and pre/postdi-
alysis BP. We hypothesized that if there were substantial dif-
ferences, especially when differences between the two methods
of measurements were unpredictable, then the two methods of
measurement may have differing prognostic significance. The
primary objective of this systematic analysis was to determine
the magnitude of the difference and the variability in the dif-
ference between BP that is recorded in the dialysis environ-
ment, before and after the dialysis procedure, and ABPM that is
performed simultaneously in the hemodialysis population.

Materials and Methods
Published studies that had reported paired ABP and pre/postdialy-

sis BP in patients who were undergoing conventional three times a
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Post-dialysis SBP and mortality

“U” curve association of blood pressure and mortality in
hemodialysis patients
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“U” curve association of blood pressure and mortality in hemo-
dialysis patients.

Background. Hypertension may play an important role in the
pathogenesis of the excess cardiovascular and cerebrovascular
(CV) morbidity observed in hemodialysis patients (HD). How-
ever, the optimal blood pressure (BP) range for HD patients has
not been defined. We postulated that there is a “U” curve
relationship between BP and CV mortality. To explore this
hypothesis we studied 5,433 HD patients in Dialysis Clinic Inc., a
large not-for-profit chain, over a five year period.

Methods. Cox regression, with fixed and time-varying covariates,
was used to assess the effect of systolic blood pressure (SBP) and
diastolic blood pressure (DBP), pre- and post-dialysis, on CV
mortality, while adjusting for age, gender, ethnicity, primary cause
of end-stage renal disease, Kt/V, serum albumin, and antihyper-
tensive medications.

Results. The overall impact of BP on CV mortality was modest.
Pre-dialysis, neither systolic nor diastolic hypertension were asso-
ciated with an increase in CV mortality. Post-dialysis, SBP ! 180
mm Hg (RR ! 1.96, P " 0.015) and DBP ! 90 mm Hg (RR !
1.73, P " 0.05) were associated with increased CV mortality. Low
SBP (SBP " 110 mm Hg) was associated with increased CV
mortality, pre- and post-dialysis.

Conclusions. The results suggest the presence of a “U” curve
relationship between SBP post-dialysis and CV mortality in HD
patients.

Hypertension is a leading public health problem in the
United States, affecting approximately 24% of the general
population [1, 2]. The detrimental effect of hypertension on
cardiovascular/cerebrovascular (CV) morbidity and mortal-

ity in the general population has been well established by
epidemiological studies [1, 3] and clinical trials [4–9].
Hypertension is also an important risk factor for declining
renal function [10, 11]. Lindeman, Tobin and Shock ob-
served a significant positive correlation between the rate of
decline in renal function and mean arterial pressure (MAP)
among hypertensive patients [10]. More recently, Klag et al
reported that hypertension is an important risk factor for
the development of end-stage renal disease (ESRD) [11].

Hypertension is present in 60 to 90% of hemodialysis
(HD) patients [12–15], and has been implicated in the
pathogenesis of the observed excess of CV morbidity and
mortality in these patients [16–20]. Foley et al reported
that in Caucasian HD patients, hypertension was associated
with echocardiographic evidence of an increased left ven-
tricular mass index and an increased risk for developing de
novo cardiac failure [16]. Charra et al attributed the
excellent survival that was observed in Tassin’s Centre de
Rein Artificiel to improved blood pressure (BP) control [17].
Iseki and Fukiyama recently reported an increase in the
cumulative incidence of stroke in Japanese HD patients
with hypertension [21]. Despite the association between
hypertension and increased left ventricular hypertrophy,
Foley et al also observed that low, not high, BP was
associated with increased mortality [16]. Other studies have
suggested that hypertension may not have a major adverse
effect on mortality of HD patients [22–24]. We recently
reported results of a preliminary study in HD patients in
which the best survival was associated with a systolic blood
pressure (SBP) of 150 to 179 mm Hg and a diastolic blood
pressure (DBP) of 90 to 99 mm Hg pre- and post-dialysis
[22]. Salem and Bower observed that in black HD patients
in the U.S., hypertension and the administration of antihy-
pertensive medications were associated with decreased
mortality [23]. Duranti, Imperiali and Sasdelli found that

Key words: hypertension, cardiovascular/cerebrovascular mortality, dialy-
sis, survival, anti-hypertensive drugs.

Received for publication May 5, 1997
and in revised form March 3, 1998
Accepted for publication March 3, 1998

© 1998 by the International Society of Nephrology

Kidney International, Vol. 54 (1998), pp. 561–569

561

Post-dialysis SBP:
Cardiac-related death

Kidney Int 1998;54:561-569

Reverse Epidemiology of Hypertension and Cardiovascular
Death in the Hemodialysis Population

The 58th Annual Fall Conference and Scientific Sessions

Kamyar Kalantar-Zadeh, Ryan D. Kilpatrick, Charles J. McAllister, Sander Greenland, Joel D. Kopple

Abstract—Maintenance hemodialysis patients in the United States have a high prevalence (!80%) of systolic hypertension
and a high mortality (!20% per year). Some reports indicate a paradoxical association between hypertension and
morality in hemodialysis patients (ie, a normal to low blood pressure is associated with poor outcome), whereas high
pressure confers survival advantages, a phenomenon referred to as “reverse epidemiology.” We hypothesized that
malnutrition-inflammation complex syndrome may be a cause of this paradoxical association. We studied a 15-month
cohort of 40 933 hemodialysis patients in the United States whose predialysis and postdialysis blood pressure values
were recorded routinely during each hemodialysis treatment. Patients were 59.8"15.3 years old; 54% were women and
46% diabetics. Cox proportional hazard models were used for blood pressure categories (systolic #110, !190 mm Hg;
diastolic #50, !110; and increments of 10 mm Hg in between). Unadjusted, case-mix and dialysis dose–adjusted, and
additional malnutrition-inflammation–adjusted hazard ratios of all-cause and cardiovascular death showed progressively
increasing all-cause and cardiovascular death risk for decreasing blood pressure values. The lowest mortality was
associated with predialysis systolic pressure of 160 to 189 mm Hg, whereas normal to low predialysis pressure values
were associated with significantly increased mortality. Adjustment for the malnutrition-inflammation mitigated only a
small portion of paradoxical associations between the low blood pressure and mortality. Predialysis systolic
hypertension remained a significant predictor of highest all-cause and cardiovascular survival rate. Although these
associations may not be causal, they call into question whether treatment goals for the general population can be applied
to dialysis patients or other similar populations. (Hypertension. 2005;45[part 2]:811-817.)

Key Words: epidemiology ! cardiovascular diseases

Eighty percent of a 250 000 maintenance hemodialysis
(MHD) patients in the United States have systolic

hypertension (HTN).1 Approximately two thirds of Amer-
ican MHD patients die within 5 years of initiation of
chronic dialysis treatment, mostly because of cardiovascu-
lar (CV) disease.1 HTN is a known risk factor of CV
disease in the general population.2 Hence, HTN has been
implicated as a major cause of poor clinical outcome and
high mortality in MHD patients. However, efforts to treat
conventional CV risk factors in MHD patients including
HTN, hypercholesterolemia, and hyperhomocysteinemia
have not resulted in significant improvement of their poor
clinical outcome.1 Surprisingly, several recent studies have
indicated an inverse association between blood pressure
(BP) values and death in MHD patients (ie, a high
mortality rate has been paradoxically observed in MHD
patients who have a low rather than a high predialysis BP,
whereas high BP values have been shown to confer

survival advantages).3–5 Similar inverse associations have
also been observed between mortality and body mass index
(BMI),6 serum concentrations of cholesterol,7 homocys-
teine,8 and advanced glycation end-products,9 and other
traditional risk factors. The phenomenon has been referred
to as reverse epidemiology.10 In addition to MHD patients,
an estimated number of 20 to 40 million Americans may
have a reverse epidemiology, including patients with
advanced age, chronic heart failure (CHF), AIDS, and
malignancies.11 The occurrence of protein-energy malnu-
trition and inflammation, together also known as
malnutrition-inflammation complex syndrome (MICS),
which is frequently found in MHD patients, has been
implicated as a main cause of the reverse epidemiology in
MHD patients.10,12 However, it is not clear whether MICS
can explain the entire reverse epidemiology of HTN in
MHD patients. We hypothesized that the reverse epidemi-
ology of HTN is a robust phenomenon for all-cause and
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heart disease, and CHF. However, after development of
cardiac failure, low BP predicts mortality and is a potential
marker for severity of cardiac disease.27,43 Hence, it is
possible that low BP in MHD patients is preceded by HTN
and its CV consequences during early stages of chronic
kidney disease; although mechanisms that maintain eleva-
tion of BP may fail gradually by the time the end-stage
renal disease is reached, the impaired CV system may
persist. In addition, patients presenting with baseline
predialysis hypotension may possess such subclinically
significant risk factors or comorbidities as heart failure or
ischemic cardiomyopathy.30 However, even if we assume
that the reverse association between BP and mortality in
MHD patients is attributable to coexistence of CHF in
these patient populations, the question as to why the
reverse epidemiology exists in CHF patients remains to be
answered. Low BP may also be a reflection of autonomic
neuropathy that, in turn, is a marker for more severe
uremic complications. Because antihypertensive drug ther-
apy may contribute to low predialysis systolic BP, one may
hypothesize that either overmedication (perhaps specific
antihypertensive agents) or cardiac pump failure is the
major contributor to the observed associations. We did not
have the medication data for this cohort, and to our

knowledge, virtually no other study has examined the
potential role of medications as a cause of low BP and
increased mortality in such large populations of dialysis
patients.

The concept of reverse epidemiology may appear counter-
intuitive, especially because HTN is an established risk factor
for CV disease and poor outcome in the general population.
Nonetheless, given the consistency of the observations among
MHD patients, there must be population-specific conditions,
which render these populations more susceptible to a poor
outcome when low BP is present while protecting them when
HTN coexists. Several explanations have been suggested,
including a more stable hemodynamic status and neurohor-
monal alterations in obese and hypertensive individuals,44

endotoxin–lipoprotein interaction,45 reverse causation,46 sur-
vival bias,10 time discrepancies among competitive risk fac-
tors (overnutrition versus undernutrition),10 and the over-
whelming effect of MICS on traditional CV risk factors.12

Moreover, normal to low predialysis BP may increase the risk
of ischemic injury during the hemodialysis and ultrafiltration
procedures leading to increased mortality in MHD patients.47

Because most MHD patients die within 5 years of commenc-
ing dialysis treatment, the long-term effects of conventional
CV risk factors on future mortality might be overwhelmed by

Association between BP and 15-month CV death in 40 933 MHD patients (95% confidence interval bars are depicted). Note that the
unadjusted models also include entry quarter. **MICS-adjusted models also include all covariates in the previous models.
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died of non-cardiac-related conditions, although the mag-
nitude of the BP effect was smaller.

Cause-specific mortality for time-varying SBP and DBP,
post-dialysis. Patients with SBP post-dialysis !110 mm Hg
had a 2.8-fold increase in RR for a cardiac-related death
compared with patients with SBP post-dialysis 140 to 149
mm Hg (Table 8). Mortality risk was also increased for
patients with SBP post-dialysis !180 mm Hg (RR " 1.96,
P ! 0.01). These data are consistent with a “U”-curve
relationship between SBP post-dialysis and cardiac-related
mortality (Fig. 1). A J-shape pattern was observed for DBP
post-dialysis and cardiac-related mortality. Patients with a
DBP post-dialysis !90 mm Hg had a 73% increased RR for
cardiac-related death versus patients with DBP post-dialy-
sis of 70 to 79 mm Hg. Among patients who died of a

non-cardiac-related condition, the RR of death was highest
among those with a SBP post-dialysis !110 mm Hg, (RR "
1.55, P ! 0.01) and those with SBP post-dialysis !180 mm
Hg (RR " 1.48, NS).

DISCUSSION
We found the overall impact of BP on both all-cause and

CV mortality to be modest. Low SBP, both pre-dialysis and
post-dialysis, when treated as fixed or time-varying covari-
ates, was associated with increased CV and non-CV mor-
tality. Pre-dialysis systolic hypertension was not associated
with an increase in either CV or non-CV mortality. How-
ever, post-dialysis hypertension with SBP ! 180 mm Hg
and DBP ! 90 mm Hg, when the values were treated as
time-varying covariates, was associated with significant
increases in CV mortality.

Although the results obtained in the two Cox models A
and B (fixed and time-varying) were similar (Table 5),
model A did not predict an increase in mortality for
patients with a post-dialysis SBP ! 180 mm Hg or SBP !
110 mm Hg. In contrast, model B predicted increased
mortality for both groups. Models utilizing fixed covariates
are easier to construct and analyze. However, because
certain covariates, such as BP, serum albumin, and Kt/V
may change over the study period, the models that incor-
porate time-varying covariates are likely to be more accu-
rate in predicting mortality. These models do have a
potential problem, however, in that changes in the values of
specific covariates may be a response to, rather than a cause
of, changes in the underlying disease process. To minimize
this possibility values of time-varying covariates were
lagged by one quarter: we used the values from the
previous quarter to predict death in the next quarter. Based
on post-hoc analyses, the percentage BP values missing for
any quarter for a patient included in the study was approx-
imately 5%. Administration of antihypertensive medica-
tions was associated with decreased age-adjusted mortality.

Our study population was similar to the U.S. hemodial-
ysis population with respect to age and gender [36], serum
albumin, Kt/V, urea reduction ratio (URR), and preva-
lence of diabetes (Table 9). Our study was also similar with
respect to blood pressure control (Table 10). However, our
study contained a slightly higher proportion of African
Americans (48.5%) than the U.S. HD population (40%)
[36].

The prevalence of hypertension in our study (64%) was

Fig. 1. Systolic blood pressure post-dialysis (SBP; time-varying) and
cardio/cerebrovascular mortality in hemodialysis (HD) patients 1992 to
1996. The “U” curve relationship between SBP post-dialysis and mortality
is: SBP ! 110 mm Hg, RR " 2.62, **P ! 0.01 versus reference 140 to 49;
SBP 110 to 19 mm Hg, RR " 1.48, **P ! 0.01 versus reference; SBP !
180 mm Hg, RR " 1.06, *P ! 0.05 versus reference.

Table 8. Cause-specific relative death ratea (RR) and 95% confidence
interval (CI) for SBP and DBP post-dialysis as time-varying covariates

Covariate

Cardiac-related cause
of death

Non-cardiac related
cause of death

RRa 95% CI RRa 95% CI

SBP-post
!110 2.62b (2.04–3.35) 1.55c (1.18–2.03)
110–19 1.48b (1.16–1.89) 1.27 (1.00–1.62)
120–29 1.04 (0.84–1.30) 1.11 (0.89–1.38)
130–39 1.06 (0.86–1.30) 0.98 (0.79–1.21)
140–49 1.00 — 1.00 —
150–59 0.98 (0.77–1.24) 0.80 (0.62–1.03)
160–69 0.87 (0.64–1.18) 1.08 (0.81–1.45)
170–79 1.27 (0.85–1.89) 1.08 (0.70–1.68)
180# 1.96c (1.20–3.19) 1.48 (0.84–2.60)

DBP-post
!70 1.04 (0.84–1.28) 1.15 (0.95–1.40)
70–79 1.00 — 1.00 —
80–89 0.97 (0.75–1.26) 1.01 (0.79–1.28)
90# 1.73d (1.14–2.62) 0.84 (0.50–1.40)
a Adjusted for age, race, gender, cause of ESRD, Kt/V, serum albumin,

and anti-hypertensive medication.
b P ! 0.001
c P ! 0.01
d P ! 0.05

Table 9. Characteristics of patients in the DCI Blood Pressure Study

Serum albumin Kt/V URR % % Diabetic

DCI 3.7 g/dl 1.23 63.3 33
U.S. 3.8 g/dla 1.21b 63.2b 37a

a ESRD Core Indicator Project 1996 [12]
b Dialysis Morbidity and Mortality Study (DMMS) Wave I patients:

USRDS 1996 Annual Report, Bethesda, National Institutes of Health,
April 1996 [41]
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HYPERTENSION IS AN IMPOR-
tant predictor of subse-
quent adverse clinical out-
comes in the general

population.1-3 Information from cross-
sectional and longitudinal cohort stud-
ies as well as interventional trials has
been used to identify normal and opti-
mal levels of blood pressure for healthy
adults and specific at-risk populations,
including patients with chronic kidney
disease.1,3-7 Application of such outcome-
derived management criteria to pa-
tients with end-stage renal disease
(ESRD) treated by maintenance dialy-
sis is hindered by counterintuitive epi-
demiological relationships between
blood pressure and clinical events. A
number of observational cohort stud-
ies have reported U-shaped or re-
verse-J relationships between conven-
tional blood pressure measures (systolic,
diastolic, and mean arterial) and mor-
tality in patients undergoing hemodi-
alysis.8-11 These investigations report that
patients receiving dialysis with systolic
blood pressures between 140 and 175
mm Hg have improved survival com-
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Context Although increased blood pressure is associated with adverse outcomes in
the general population, elevated blood pressure is associated with decreased mortal-
ity in patients with end-stage renal disease undergoing maintenance hemodialysis. Re-
cent investigations in the general population have demonstrated the predictive utility
of pulse pressure (systolic minus diastolic blood pressure), a measure reflecting the pul-
satile nature of the cardiac cycle.

Objectives To estimate the relationship between pulse pressure and mortality in pa-
tients undergoing maintenance hemodialysis and to test our hypothesis that an in-
creasing pulse pressure would be associated with increased risk of death up to 1 year
despite the inverse relationship between conventional blood pressure measures and
mortality in patients with end-stage renal disease.

Design, Setting, and Patients Retrospective cohort investigation of patients with
end-stage renal disease undergoing maintenance hemodialysis at 782 hemodialysis
facilities throughout the United States. Of 44 069 eligible patients as of January 1, 1998,
37069 with complete demographic data were included in the analyses of clinical and
laboratory data collected from October 1 through December 31, 1997. Patients were
followed up through December 31, 1998.

Main Outcome Measures The primary study outcome was death at 1 year. A sec-
ondary outcome was the magnitude of the pulse pressure.

Results The final patient cohort was similar to national averages with respect to age,
sex, race, and diabetic status. Mean (SD) pulse pressures before dialysis were 75.0 (15.0)
mm Hg and 66.9 (13.9) mm Hg after dialysis. By the end of the 1-year follow-up,
5731 patients (18.4%) died. After adjusting for level of systolic blood pressure, mul-
tivariable Cox proportional hazards modeling showed a direct and consistent relation-
ship between increasing pulse pressure and increasing death risk. Each incremental
elevation of 10 mm Hg in postdialysis pulse pressure was associated with a 12% in-
crease in the hazard for death (hazard ratio, 1.12; 95% confidence interval, 1.06-
1.18). Postdialysis systolic blood pressure was inversely related to mortality with a 13%
decreased hazard for death for each incremental elevation of 10 mm Hg (hazard ra-
tio, 0.87; 95% confidence interval, 0.84-0.90). In a multivariable linear regression model,
important variables directly associated with elevated pulse pressure included age, dia-
betes, white race, female sex, and number of years receiving dialysis (all P!.001).

Conclusions Pulse pressure is associated with risk of death in a large, nationally repre-
sentativesampleofpatientsundergoingmaintenancehemodialysis.Therecognitionofpulse
pressure as an important correlate of mortality in patients receiving dialysis highlights the
need to investigate the relationship between potential therapeutic implications of
conduit vessel function and clinical outcomes in patients with end-stage renal disease.
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dialysis pulse pressure showed similar
relationships (pulse pressure HR, 1.07;
95% CI, 1.02-1.13).

To further examine the relationships
between postdialysis blood pressure
components and mortality, each was en-
tered into the adjusted mortality model
as single and paired covariates (TABLE 4).
When examined as isolated variables,
systolic, diastolic, and pulse pressure are
each inversely associated with mortal-
ity (models 1-3). Adjusting for systolic
blood pressure changes the association
between pulse pressure and death to a
direct relationship (model 4). Adjust-

ing for diastolic blood pressure causes
both pulse pressure (model 5) and sys-
tolic pressure (model 6) to become non-
significant contributors to the mortal-
ity models (Table 4).

The risk attributed to pulse pressure
in the full mortality model differed
among individuals with elevated and
nonelevated blood pressure (P!.001 for
the interaction term between systolic
pressure and pulse pressure). Subjects
were then divided into 5 categories of
systolic blood pressure: !120, 120 to
139, 140 to 159, 160 to 179, and "180
mm Hg. The full mortality model was

tested for each blood pressure category
and the results are shown in TABLE 5.
Pulse pressure was significantly associ-
ated with mortality only in subjects with
systolic pressures less than or equal to
140 mm Hg. The relationship between
systolic blood pressure, pulse pressure,
and death is graphically demonstrated
in FIGURE 3. As pulse pressure in-
creased within each category of sys-
tolic blood pressure, the percentage of
subjects who died at 1 year also in-
creased. As systolic blood pressure in-
creased within each category of pulse
pressure, the death percentages de-
creased until pressures higher than 165
mm Hg, at which point some groups dis-
played an increase in death (reverse-J
curve).

The interaction between pulse pres-
sure and age was significant (P!.001).
The risk associated with pulse pressure
in the younger half of the cohort (age
!62 years) was approximately 2 times
the risk associated with pulse pressure
in the older half (HR, 1.24 vs 1.12). Simi-
lar interactions for race, diabetes melli-
tus, and sex were tested but did not meet
statistical significance.

COMMENT
To our knowledge, these analyses are the
first to demonstrate the association be-
tween pulse pressure and an increased
death risk in a large, Western national,
representative sample of patients receiv-
ing hemodialysis. In an adjusted model,

Figure2. Hazard Ratios for 1-Year Mortality Associated With Pulse Pressure and Diastolic Blood Pressure After Adjustment for Systolic Blood Pressure
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Table 3. Multivariable Cox Proportional Hazards Model of 1-Year Mortality*

Variable Increase
Parameter

Estimate (SD)
Hazard Ratio

(95% CI)
Wald

#2
P

Value
Pulse pressure by 10 mm Hg 0.12 (0.02) 1.12 (1.06-1.18) 20 !.001
Albumin by 1 g/dL −1.10 (0.04) 0.33 (0.31-0.36) 807 !.001
Age by 10 y 0.26 (0.01) 1.30 (1.26-1.33) 369 !.001
Weight by 5 kg −0.08 (0.01) 0.92 (0.91-0.93) 252 !.001
Diabetes mellitus 0.36 (0.03) 1.42 (1.32-1.51) 118 !.001
Urea reduction ratio by 5% −0.10 (0.03) 0.90 (0.88-0.92) 104 !.001
Ferritin by 100 mg/dL 0.02 (0.003) 1.02 (1.01-1.02) 70 !.001
Calcium by 1 mg/dL 0.16 (0.02) 1.16 (1.12-1.22) 64 !.001
Women −0.24 (0.03) 0.80 (0.74-0.85) 57 !.001
Systolic blood pressure by 10 mm Hg −0.14 (0.02) 0.87 (0.84-0.91) 56 !.001
Phosphorus by 1 mg/dL† 0.078 (0.01) 1.08 (1.06-1.10) 56 !.001
Black race −0.18 (0.03) 0.82 (0.77-0.88) 34 !.001
Years receiving dialysis by 2 y 0.04 (0.01) 1.04 (1.02-1.06) 23 !.001
Hematocrit by 3% −0.07 (0.02) 0.93 (0.90-0.96) 22 !.001
Parathyroid hormone by 100 mg/dL 0.02 (0.01) 1.02 (1.01-1.03) 20 !.001
Intradialytic volume change by 5% 0.16 (0.01) 1.17 (1.05-1.30) 8 .003
*CI indicates confidence interval.
†To convert phosphorous from mg/dL to mmol/L multiply by 0.323.
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Blood pressure levels and mortality risk among
hemodialysis patients in the Dialysis Outcomes
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KDOQI practice guidelines recommend predialysis blood
pressure o140/90 mm Hg; however, most prior studies had
found elevated mortality with low, not high, systolic blood
pressure. This is possibly due to unmeasured confounders
affecting systolic blood pressure and mortality. To lessen this
bias, we analyzed 24,525 patients by Cox regression models
adjusted for patient and facility characteristics. Compared
with predialysis systolic blood pressure of 130–159 mm Hg,
mortality was 13% higher in facilities with 20% more patients
at systolic blood pressure of 110–129 mm Hg and 16% higher
in facilities with 20% more patients at systolic blood pressure
of X160 mm Hg. For patient-level systolic blood pressure,
mortality was elevated at low (o130 mm Hg), not high
(X180 mm Hg), systolic blood pressure. For predialysis
diastolic blood pressure, mortality was lowest at
60–99 mm Hg, a wide range implying less chance to improve
outcomes. Higher mortality at systolic blood pressure of
o130 mm Hg is consistent with prior studies and may be due
to excessive blood pressure lowering during dialysis. The
lowest risk facility systolic blood pressure of 130–159 mm Hg
indicates this range may be optimal, but may have been
influenced by unmeasured facility practices. While additional
study is needed, our findings contrast with KDOQI blood
pressure targets, and provide guidance on optimal blood
pressure range in the absence of definitive clinical trial data.

Kidney International (2012) 82, 570–580; doi:10.1038/ki.2012.136;
published online 20 June 2012
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Hypertension (HTN) is a leading cause of mortality world-
wide.1,2 Based on large clinical outcomes trials, clinical practice
guidelines recommend treatment to blood pressure (BP)
o140/90 mm Hg in most patients with HTN and o130/
80 mm Hg in patients with diabetes or chronic kidney disease.3

Patients with end-stage renal disease (ESRD) treated by
dialysis have an increased risk of mortality, with nearly 50%
of deaths due to cardiovascular (CV) causes.4,5 The burden
of ESRD is rising internationally, with prevalence of ESRD
treated by dialysis exceeding 350,000 in the United States.4,6

Because the prevalence of HTN among maintenance dialysis
patients is 60–90%,5,7 its treatment is considered an
important means to improve outcomes. The 2005 National
Kidney Foundation Kidney Disease Outcomes Quality
Initiative (KDOQI) clinical practice guideline recommends
pre- and postdialysis BP goals of o140/90 and 130/
80 mm Hg, based in part on data in the nondialysis
population. A direct relation between treatment of elevated
BP levels and improved outcomes among dialysis patients has
not been demonstrated, and definitive clinical trials investi-
gating optimal target BP have yet to be carried out.
Observational studies consistently have found elevated
mortality in patients with low, but not high, BP levels.5,8–13

Some have speculated that the explanation for the
observed relation between lower BP and elevated mortality
is that hemodialysis (HD) patients have serious coexisting
illnesses (for example, poor ventricular function) that lower
BP and increase mortality risk (that is, association of lower
BP with elevated mortality is confounded by poor health
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Influence of covariate adjustment
Figures 5a and b and 6a and b show the influence of
progressively more comprehensive adjustment on the
associations of predialysis BP with survival. For patient-level
SBP, the associations were modestly attenuated (brought
toward null) at higher BP, with adjustment for demographics,
comorbidities, and laboratory values. Estimates for DBP were
substantially attenuated by adjustment for demographics
(mainly age), and were altered to a smaller extent by
adjustment for comorbidities and lab values. At high DBP,
progressive adjustment reversed direction of the association,
from lower-to-higher mortality. As additional sensitivity
analyses, adjustment for education level, household income,
and antihypertensive agents had very little influence on the
estimates presented herein. Antihypertensive agents were
analyzed in three different ways: (1) any use (yes/no), (2)
number of antihypertensive agents, and (3) separate dummy

variables for seven classes of antihypertensive medications
(yes/no for: angiotensin receptor blockers, angiotensin-
converting enzyme inhibitors, b-blockers, calcium channel
blockers, a-blockers, central agonists, and vasodilators).

Postdialysis BP
Postdialysis SBP. Patterns of associations with survival

were comparable to those for predialysis SBP, but the lowest
risk levels were (as expected) shifted lower than for
predialysis SBP (Figure 7a and b). For patient-level SBP,
mortality risk was elevated for patients with low (o110 or
120 mm Hg) but not high SBP levels. For facility-level SBP,
mortality risk was lowest at 120–139 mm Hg.

Postdialysis DBP. Mortality risk was lowest at
70–99 mm Hg (patient level) and 70–89 or 70–99 mm Hg
(facility level; Figure 8a and b).

Subgroup analyses
Subgroups studied were: with or without heart failure,
diabetes, and CV disease; serum albumin o or X3.8 g/dl;
ESRD duration o or X180 days; or use of any antihyper-
tensive medication (yes/no). Findings were consistent across
subgroups for analyses of patient-level and facility-level SBP.
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Figure 3 | Predialysis systolic blood pressure (SBP) and
mortality (fully adjusted model). (a) Mortality by patient-level
predialysis SBP categories (fully adjusted). (b) Mortality by facility-
level predialysis SBP categories (fully adjusted). A total of 24,525
hemodialysis patients from 920 facilities in Dialysis Outcomes and
Practice Patterns Study (DOPPS) I–III with end-stage renal disease
duration of 4180 days, excluding patients with predialysis SBP
o110 mm Hg. Cox models were stratified by geographic region
and study phase, accounting for facility-clustering effects, and
adjusted for all demographics, comorbid conditions, and labs
listed in Table 1. Facility-level analyses were adjusted additionally
for five facility practices. For this and subsequent figures, vertical
lines represent 95% confidence intervals (CIs). HR, hazard ratio.
*0.01pPo0.05; **0.001pPo0.01; ***Po0.001.
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Figure 4 | Predialysis diastolic blood pressure (DBP) and
mortality (fully adjusted model). (a) Mortality by patient-level
predialysis DBP categories (fully adjusted). (b) Mortality by facility-
level predialysis DBP categories (fully adjusted). A total of 25,424
hemodialysis patients from 919 facilities in Dialysis Outcomes and
Practice Patterns Study (DOPPS) I–III with end-stage renal disease
duration of 4180 days, excluding patients with predialysis
DBP o50 mm Hg. Cox models are as described for Figure 3.
*0.01pPo0.05; ***Po0.001. CI, confidence interval; HR, hazard ratio.
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Blood pressure trend predicts prognosis

Raimann et al. Kidney Int 2012;81;548-558

fully determined, but likely includes salt and fluid overload,
with a lesser effect on mortality than in those with declining
blood pressure. In addition, it is noteworthy that many
comorbidities and laboratory parameters lost significance
in the Cox proportional hazard model after inclusion of

temporal changes of SBP and also with the use of CPD. It is
well known that cardiovascular disease is the leading cause of
death in this population, but the extent to which temporal
changes of SBP appear to influence survival in this analysis is
quite remarkable (Table 5, Figure 4).
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Figure 4 | Forest plot of levels of systolic blood pressure (SBP) and temporal changes (reflected by changes in slope), and its
relationship with hazard ratio for death in all 12 groups. Data are presented as hazard ratio (HR) and 95% confidence interval
(lower confidence limit (LCL) to upper confidence limit (UCL)).

DBP < 65, declined

HR

6.98 5.02 9.71

2.27

6.00

6.58

1.45

4.15

4.09

1.00

4.55

3.75

1.46

7.00

1.24

3.27

3.57

0.78

2.20

2.21

1.00

2.26

1.94

0.65

3.06

1.68

4.43

4.85

1.07

3.02

3.01

1.00

3.21

2.70

0.98

4.63

LCL UCL

DBP < 65, stable

DBP < 65, increased

DBP 65 – 75, declined

DBP 65 – 75, stable

DBP 65 – 75, increased

DBP 76 – 85, declined

DBP 76 – 85, stable

DBP 76 – 85, increased

DBP > 85, declined

DBP > 85, stable

DBP > 85, increased

0 1 2 3 4 5

Hazard ratio (95% confidence interval)

6 7 8 9 10 11 12 13 14 15

Figure 5 | Forest plot of levels of diastolic blood pressure (DBP) and temporal changes (reflected by changes in slope), and its
relationship with hazard ratio (HR) for death in all 12 analyzed groups. Data are presented as HR and 95% confidence interval
(lower confidence limit (LCL) to upper confidence limit (UCL)).

Kidney International (2012) 81, 548–558 553

JG Raimann et al.: Blood pressure change and outcome o r i g i n a l a r t i c l e

12.695 incident HD patients
Average predialysis BP 1st month All-cause mortality

Blood pressure stability in hemodialysis patients
confers a survival advantage: results from a large
retrospective cohort study
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The association between changes in systolic and diastolic
blood pressure, and the use of cardioprotective drugs on
survival of incident hemodialysis patients, was examined in
this retrospective cohort study. Pre-hemodialysis systolic and
diastolic blood pressures were averaged over the first month
of hemodialysis. Slopes, reflecting temporal changes, were
computed by linear regression of systolic blood pressures
and Cox regression was used for survival analyses. Patients
were initially stratified into four cohorts (below 120, 120
to 150, 151 to 180, and above 180 mm Hg) and further
subdivided into groups with stable (no more than a 1-mm Hg
change per month), increasing (over 1-mm Hg per month),
and decreasing (less than 1-mm Hg per month) slopes during
the first year. Analyses were repeated for patients who
were treated with cardioprotective drugs for 1 month or
more in the second year. In 10,245 patients (59% prescribed
cardioprotective drugs), both increases and decreases
in all ranges of blood pressure were associated with
worse outcomes, whereas stable blood pressure had a
survival advantage at all levels of systolic and diastolic
pressures. Use of cardioprotective drugs attenuated changes
and improved survival. Validation and sensitivity analyses
confirmed the primary findings. Therefore, previous temporal
trends need to be considered in patient care, and the use
of cardioprotective agents is associated with enhanced
survival at all blood pressure levels.

Kidney International (2012) 81, 548–558; doi:10.1038/ki.2011.426;
published online 4 January 2012

KEYWORDS: blood pressure; cardiovascular disease; chronic dialysis;
hemodialysis; mortality risk

In the general population, a strong association exists between
elevated systolic and diastolic blood pressure (SBP, DBP) and
mortality.1 A recent meta-analysis showed that lower SBP and
DBP are associated with a lower risk for stroke and ischemic
heart disease at all ages.2

In the majority of hemodialysis patients, predialysis
BP measurements are above normal ranges.3,4 The Kidney
Disease: Improving Global Outcomes recently reviewed
current views, and concluded hypertension to be ubiquitous
in this population, and suggested the general use of cardio-
protective drugs (CPD).5 Kidney Disease Outcomes Quality
Initiative recommends, without evidence from randomized
controlled trials, BP goals below 140/90 before hemodialysis
and 130/80 mm Hg after hemodialysis.6

Similar to the general population,7–15 in hemodialysis
patients the relationship between BP and mortality is
U-shaped in hemodialysis patients.16–18 Deviations of BP
levels associated with favorable outcomes in hemodialysis
patients as compared with those in the general population
have not been satisfactorily explained. It is remarkable that
most studies consider the patients’ average BP level as the key
prognosticator, ignoring temporal trends and the potential
impact of changes in BP.

This observational cohort study (www.clinicaltrials.gov:
#NCT01330004) examined the evolution and temporal
changes in SBP and DBP of incident patients over the first
year of dialysis and repeated the analysis in the subsequent
year for survivors to test the hypothesis that both increases
and decreases in BPs associate with higher mortality. The
secondary aim of the study was to test the hypothesis that
the use of CPD influences BP changes and also associates
with better survival.

RESULTS
Demographics
The study population included 12,695 incident hemodialysis
patients, with 10,245 patients who underwent an average
of 94±37 treatments in Year 1 meeting inclusion criteria
(Figure 1). Demographics are shown in Table 1.
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Blood pressure gradually falls towards death

The decline in SBP may reflect deterioration in cardio-
vascular function,3 such as reduced cardiac output over time.
The reduction in IDWG may reflect poorer appetite and
diminished food intake.12 In this respect, it may be more
sensitive than post-HD weight, which usually represents the
prescribed target weight. Importantly, body composition may
change significantly in the absence of body weight changes.
For instance, despite a decline in lean body mass, body
weight may remain stable because of a concurrent increase in
extracellular volume if post-HD target weight is not adjusted
accordingly. The decline in IDWG and SBP before death is
likely a reflection of ‘reverse epidemiology,’13 and cannot be
used as an argument against the importance of blood
pressure control and meticulous attention to sodium and
fluid volume restriction in dialysis patients. Indeed, several
studies have shown a relationship between high IDWG (as
well as fluid overload) and hypertension and mortality.14–16

Serum albumin, a composite marker of nutrition and
inflammation, and CRP are strong predictors of out-
come.17–19 The increase in CRP and the decline in the other
three studied parameters occurred largely independently of

age, gender, race, or region of the world (data on age and race
not shown). Notable exceptions were the absence of declines
in SBP in male, and in IDWG in both male and female Asian
patients. The fact that SBP declined before death in all
populations except in male HD patients from Asia is
remarkable, and one may speculate that fluid overload is
more prevalent in Asian patients close to death;
unfortunately, this observation cannot be explained by the
present data. It remains to be established whether environ-
mental, treatment-related, genetic, and/or cardiac factors are
involved in this phenomenon;15,20–22 the relatively small
number of patients (787 males) may also be a factor. Diffe-
rent clinical practices related to target weight determination
and monitoring may vary among the patients studied,
resulting in different blood pressure dynamics, particularly
for malnourished patients whose target weight is not adjusted
timely to their body weight.

Pre- and post-dialysis weights are only recorded once a
month in the FMC Asia-Pacific network, and hence detailed
information on IDWG may be missed. Studies in Southeast
Asian populations living in the United States may provide
important additional insights. The substantially higher SBP
seen in both surviving and nonsurviving US patients
compared with the other regions is impressive and deserves
further investigation. We hypothesize that differences in fluid
and anemia management and antihypertensive therapy may
contribute to this observation.23

Analysis of trajectories of all factors measured before death
by cause of death revealed no notable differences between
patients dying from cardiovascular disease, infections, or
neoplasms. Neoplasms appear to be associated with the most
striking dynamic trends in the four parameters studied.
Declines in albumin and increases in CRP were also observed
in patients who died of sudden death, consistent with prior
findings.24

This international study may contribute to the under-
standing of the pathophysiological phenomena occurring
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Figure 4 | Mean pre-hemodialysis (pre-HD) systolic blood
pressure (SBP) and 95% confidence intervals. (a) Mean pre-
hemodialysis (pre-HD) systolic blood pressure (SBP) and 95%
confidence intervals in female patients in the 104 weeks before
death. The left panels show estimates of the partially conditional
means with 95% confidence intervals, and the right panels show
estimates of rate of change trajectories with 95% confidence
intervals. (b) Mean pre-HD SBP and 95% confidence intervals in male
patients in the 104 weeks before death.
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The decline in SBP may reflect deterioration in cardio-
vascular function,3 such as reduced cardiac output over time.
The reduction in IDWG may reflect poorer appetite and
diminished food intake.12 In this respect, it may be more
sensitive than post-HD weight, which usually represents the
prescribed target weight. Importantly, body composition may
change significantly in the absence of body weight changes.
For instance, despite a decline in lean body mass, body
weight may remain stable because of a concurrent increase in
extracellular volume if post-HD target weight is not adjusted
accordingly. The decline in IDWG and SBP before death is
likely a reflection of ‘reverse epidemiology,’13 and cannot be
used as an argument against the importance of blood
pressure control and meticulous attention to sodium and
fluid volume restriction in dialysis patients. Indeed, several
studies have shown a relationship between high IDWG (as
well as fluid overload) and hypertension and mortality.14–16

Serum albumin, a composite marker of nutrition and
inflammation, and CRP are strong predictors of out-
come.17–19 The increase in CRP and the decline in the other
three studied parameters occurred largely independently of

age, gender, race, or region of the world (data on age and race
not shown). Notable exceptions were the absence of declines
in SBP in male, and in IDWG in both male and female Asian
patients. The fact that SBP declined before death in all
populations except in male HD patients from Asia is
remarkable, and one may speculate that fluid overload is
more prevalent in Asian patients close to death;
unfortunately, this observation cannot be explained by the
present data. It remains to be established whether environ-
mental, treatment-related, genetic, and/or cardiac factors are
involved in this phenomenon;15,20–22 the relatively small
number of patients (787 males) may also be a factor. Diffe-
rent clinical practices related to target weight determination
and monitoring may vary among the patients studied,
resulting in different blood pressure dynamics, particularly
for malnourished patients whose target weight is not adjusted
timely to their body weight.

Pre- and post-dialysis weights are only recorded once a
month in the FMC Asia-Pacific network, and hence detailed
information on IDWG may be missed. Studies in Southeast
Asian populations living in the United States may provide
important additional insights. The substantially higher SBP
seen in both surviving and nonsurviving US patients
compared with the other regions is impressive and deserves
further investigation. We hypothesize that differences in fluid
and anemia management and antihypertensive therapy may
contribute to this observation.23

Analysis of trajectories of all factors measured before death
by cause of death revealed no notable differences between
patients dying from cardiovascular disease, infections, or
neoplasms. Neoplasms appear to be associated with the most
striking dynamic trends in the four parameters studied.
Declines in albumin and increases in CRP were also observed
in patients who died of sudden death, consistent with prior
findings.24

This international study may contribute to the under-
standing of the pathophysiological phenomena occurring
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A comparative effectiveness research study of the
change in blood pressure during hemodialysis
treatment and survival
Jongha Park1,2, Connie M. Rhee1,3, John J. Sim4, Yong-Lim Kim5, Joni Ricks1, Elani Streja1,
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It is not clear to what extent changes in blood pressure (BP)
during hemodialysis affect or predict survival. Studying
comparative outcomes of BP changes during hemodialysis
can have major clinical implications including the impact on
management strategies in hemodialysis patients. Here we
undertook a retrospective cohort study of 113,255
hemodialysis patients over a 5-year period to evaluate an
association between change in BP during hemodialysis and
mortality. The change in BP was defined as post-hemodialysis
minus pre-hemodialysis BP, and mean of BP change values
during the hemodialysis session was used as a mortality
predictor. The patients’ average age was 61 years old and
consisted of 45% women, 32% African-Americans and 58%
diabetics. Over a median follow-up of 2.2 years, a total of
53,461 (47.2%) all-cause and 21,548 (25.7%) cardiovascular
deaths occurred. In a fully adjusted Cox regression model
with restricted cubic splines, there was a U-shaped
association between change in systolic BP and all-cause
mortality. Post-dialytic drops in systolic BP between ! 30 and
0 mm Hg were associated with greater survival, but large
decreases of systolic BP (more than ! 30 mm Hg) and any
increase in systolic BP (over 0 mm Hg) were related to
increased mortality. Peak survival was found at a change in
systolic BP of ! 14 mm Hg. The U-shaped association was
also found for cardiovascular mortality. Thus, modest
declines in BP after hemodialysis are associated with the

greatest survival, whereas any rise or large decline in BP is
associated with worsened survival.

Kidney International (2013) 84, 795–802; doi:10.1038/ki.2013.237;
published online 19 June 2013

KEYWORDS: blood pressure; hemodialysis; hypertension; mortality

Hypertension is highly prevalent in hemodialysis (HD)
patients, among whom cardiovascular disease is the leading
cause of death.1 Blood pressure (BP) is typically assessed in
HD patients using one of three methods, which include
peridialytic, intradialytic, and interdialytic measurements. BP
measured at a single point in time, as well as weekly averaged
BP, has been used.2,3 Although peridialytic (i.e., pre-HD
and post-HD) BP measurements may demonstrate greater
variability4,5 and may not consistently correlate with
interdialytic ambulatory BP monitoring,6 their use is
supported by the National Kidney Foundation’s Kidney
Disease Outcomes Quality Initiative guidelines7 and has
greater applicability to clinical practice. However, a number
of large epidemiologic studies using peridialytic BP measures
have shown an inverse J- or U-shaped association between BP
and mortality in HD patients.8–11 At this time, the optimal
metric for monitoring BP in HD patients remains unclear.

Intradialytic hypotension is a frequent complication of
HD that may be associated with reduced survival,12,13 but
emerging data suggest that increases in BP during or after
HD may also be associated with adverse short-term
outcomes.14–16 However, the association between BP
change during HD and mortality has been insufficiently
evaluated in large cohorts. Furthermore, evidence from prior
studies is limited by utilization of case–control designs or
regression models that assume a linear relationship between
BP change and mortality.15–20 These studies may have been
underpowered in detecting a U-shaped association (i.e., high
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range) follow-up was 2.2 (1.2–3.6) years. During the follow-
up, a total of 53,461 (47.2%) all-cause and 21,548 (25.7%)
cardiovascular deaths were reported. Crude mortality rates
were 191 per 1,000 patient-years (95% confidence interval
190–193) and 77 per 1000 patient-years (95% confidence
interval 76–78), respectively. Characteristics of the patients
stratified by change (D) in systolic BP are shown in Table 1.
The overall cohort mean (s.d.) age was 61 (15) years and
median (interquartile range) dialysis duration was 3 (1–26)
months; 45% of patients were female, 32% were African-
American, and 58% had diabetes. The mean (s.d.) D systolic
BP and D diastolic BP during the follow-up were ! 10 (17)
and ! 5 (10) mm Hg, respectively.

Compared with patients with D systolic BP of ! 10 to
o10 mm Hg, patients who experienced an increase in systolic
BP 410 mm Hg were older and had a higher prevalence of
diabetes mellitus, ischemic heart disease, and congestive heart
failure. By using the same reference group, patients who
experienced a decrease in systolic BP of at least 30 mm Hg
(D systolic BP less than ! 30 mm Hg) were younger and had a
higher prevalence of diabetes mellitus but a lower prevalence
of ischemic heart disease and congestive heart failure. Pre-HD
systolic BP level and ultrafiltration amount per session were
negatively related to D systolic BP level. Among the laboratory
parameters, serum creatinine, albumin, phosphorus, and
normalized protein nitrogen appearance showed negative
relationships with D systolic BP level.

Association of change in BP during HD with mortality
In unadjusted models, there were U-shaped associations
between D systolic and diastolic BP and all-cause mortality
(Figure 1). Large decreases (about less than ! 45 mm Hg)
and increases (about greater than ! 5 mm Hg) in systolic
BP during HD were associated with increased mortality.
In case mix–adjusted and fully adjusted (case-mix plus
malnutrition–inflammation cachexia syndrome adjusted)
models, the U-shaped associations between D systolic BP
(Figure 2) and D diastolic BP (Supplementary Figure S1
online) with all-cause mortality persisted. In fully adjusted
models, modest declines in D systolic BP between ! 30 and
0 mm Hg were associated with better survival, whereas both
D systolic BP less than ! 30 and D systolic BP 40 mm Hg
were associated with increased mortality (right panel in
Figure 2). The greatest survival was observed at D systolic BP
of ! 14 mm Hg (adjusted hazard ratio, 0.92; 95% confidence
interval, 0.91–0.93). Similarly, D diastolic BP between ! 15
and 5 mm Hg showed better survival, and the greatest
survival was observed at ! 6 mm Hg (adjusted hazard ratio,
0.93; 95% confidence interval, 0.91–0.94). The estimates for
the BP splines and other significant covariates in the final
model were presented in Supplementary Table S1 online.
When the outcome of interest was cardiovascular mortality,
similar U-shaped associations with D systolic BP were still
observed in unadjusted and fully adjusted models
(Supplementary Figure S2 online).
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Figure 1 | Association between changes in blood pressure (BP) during hemodialysis (HD) and all-cause mortality in 113,255 patients:
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95% confidence interval.
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Effect of peridialytic systolic blood pressure changes and pre-
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Pre-dialysis	fluid	status	modifies	the	relation	between	pre-dialysis	systolic	blood	pressure	and	outcome	in	
prevalent	hemodialysis	patients.	
Results	of	an	international	cohort	study	on	behalf	of	the	MONDO	initiative.	
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Chronic Fluid Overload and Mortality in ESRD
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ABSTRACT
Sustained fluid overload (FO) is considered a major cause of hypertension, heart failure, and mortality in
patients with ESRD on maintenance hemodialysis. However, there has not been a cohort study investi-
gating the relationship between chronic exposure to FO and mortality in this population. We studied the
relationship of baseline and cumulative FO exposure over 1 year with mortality in 39,566 patients with
incident ESRD in a large dialysis network in 26 countries using whole-body bioimpedance spectroscopy to
assess fluid status. Analyses were applied across three discrete systolic BP (syst-BP) categories (,130,
130–160, and .160 mmHg), with nonoverhydrated patients with syst-BP=130–160 mmHg as the refer-
ence category;.200,000 FOmeasurements were performed over follow-up. Baseline FO value predicted
excess risk of mortality across syst-BP categories (,130 mmHg: hazard ratio [HR], 1.51; 95% confidence
interval [95%CI], 1.38 to 1.65; 130–160mmHg: HR, 1.25; 95%CI, 1.16 to 1.36;.160mmHg: HR, 1.30; 95%
CI, 1.19 to 1.42; all P,0.001). However, cumulative 1-year FO exposure predicted a higher death risk
(P,0.001) across all syst-BP categories (,130 mmHg: HR, 1.94; 95% CI, 1.68 to 2.23; 130–160 mmHg: HR,
1.51; 95%CI, 1.35 to 1.69;.160mmHg: HR, 1.62; 95%CI, 1.39 to 1.90). In conclusion, chronic exposure to
FO in ESRD is a strong risk factor for death across discrete BP categories. Whether treatment policies that
account for fluid status monitoring are preferable to policies that account solely for predialysis BP mea-
surements remains to be tested in a clinical trial.

J Am Soc Nephrol 28: ccc–ccc, 2017. doi: 10.1681/ASN.2016121341

Life expectancy inpatientswithESRD isnotoriously
very limited.1 Progress in technology notwith-
standing, the prognosis in ESRD has shown only
modest improvement over the last decades.2 Con-
trolling the high prevalence of fluid overload (FO)
in this population is considered an unmet clinical
need, and there is a quest for clinical policies spe-
cifically aimed at optimizing the control of FO to
improve the dim prognosis of patients with ESRD.3

However, until now, the relationship between ob-
jectively measured FO and mortality has been in-
vestigated in just three small studies in prevalent
patients,4–6 and FO in these studies was quantified
only at baseline.

In the Fresenius Medical Care (FMC) dialysis
network, systematic measurements of FO over
time were implemented in 2009 and 2010. We

have, therefore, used the extensive clinical data-
base from this large international dialysis network
to estimate the risk of death by chronic fluid vol-
ume excess in a large cohort of patients on incident
hemodialysis treated in FMC centers in 26 coun-
tries in Europe, Africa, the Middle East, and Latin
America. Overall, analyses in this study are on the
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patients died in the nonoverhydrated group. As presented in
detail in Figure 4, right panel and Table 3 (detailed description
of the full model), the independent risk attributable to chronic
FO in patients with BP,130 or.160 mmHg was comparable
in magnitude or higher than that of coronary artery disease
(HR, 1.63; 95% CI, 1.46 to 1.82), congestive heart failure (HR,
1.65; 95% CI, 1.52 to 1.81), or an increase in age of$12 years
(HR, 1.48; 95% CI, 1.39 to 1.56), and excluding BP from the
multivariate model did not materially change the HR associ-
ated with FO (HR, 1.50; 95% CI, 1.38 to 1.64).

In this subcohort of patientswho survived at least 1 year, the
relationship between systolic BP and mortality was U shaped,
and the risk of death was minimal in the 130- to 160-mmHg
category (Figure 3). Of note, the fully adjusted risk associated
with cumulative exposure to FO was substantially higher than
that estimated for baseline FO across all BP strata (Figure 4).
Fluid-overloaded patients with either high BP (.160 mmHg;
HR, 1.62; 95% CI, 1.39 to 1.90) or low BP (,130 mmHg; HR,

1.94; 95% CI, 1.68 to 2.23) exhibited the
highest risk of death, whereas the mortality
riskwas intermediate in overhydrated patients
with normal BP (130–160 mmHg; HR, 1.51;
95% CI, 1.35 to 1.69); such as in the analysis
on the basis of the baseline FO, the death risk
was substantially lower in nonoverhydrated
patients. Indeed, the risk was just 19% higher
than that in the reference category (BP=130–
160 mmHg) in patients with low BP (HR,
1.19; 95% CI, 1.06 to 1.33) and 18% higher
in patients with high BP (HR, 1.18; 95% CI,
1.00 to 1.38). No effect modification by type
of treatment (hemodialysis versus hemodiafil-
tration) or country was registered (P.0.20).

In a sensitivity analysis with face to face
comparison of the fully adjusted HR of
1-year cumulative exposure to FO (in the
22,845 patients who survived at least 1

year) with the HR of the baseline FO in the same patients,
the risk of cumulative FO exposure (see above) was again
more pronounced than the corresponding risk estimated by
the baseline FO measurement across all systolic BP categories
(,130 mmHg: HR, 1.32; 95% CI, 1.15 to 1.51 versus 130–160
mmHg: HR, 1.13; 95%CI, 1.00 to 1.27 and.160 mmHg: HR,
1.21; 95% CI, 1.06 to 1.38; all P,0.001).

DISCUSSION

Chronic exposure to FO as quantified by repeated measure-
ments of body fluids by bioimpedance spectroscopy substan-
tially increased the risk of death across discrete BP categories
in a large cohort of patients on incident hemodialysis. The
magnitude of death risk attributable to chronic FO was com-
parable with that of coronary artery disease or congestive heart
failure per se or an increase in age of $12 years.

Only three studies have tested the rela-
tionship between directlymeasured FO and
the risk of death in the ESRDpopulation.4–6

In these studies—all on the basis of preva-
lent patients and collectively including just
667 patients—FO was measured only at
baseline. We tested the relationship be-
tween exposure to FO and mortality by
two approaches. By the first approach, we
estimated the risk of death associated with
baseline FO in incident patients, which is a
survival bias–free approach. By the second
approach, we investigated the relationship
between cumulative exposure to FO over 1
year and death beyond the first year, an ap-
proach surmising that, like for traditional
risk factors,7–10 the effects of FO are cumu-
lative in nature. In both analyses, the link

Figure 3. Relationship between (left panel) baseline and (right panel) 1-year cumu-
lative systolic BP and mortality. Data are adjusted for the full list of variables in Table 1.

Figure 4. (Left panel) Baseline and (right panel) 1-year cumulative FO and mortality in
patients stratified by predialysis systolic BP. Data are adjusted for the full list of var-
iables in Table 1. Data are HR and 95% CIs. Fluid-overloaded patients had a signif-
icantly higher risk of death compared with nonoverloaded patients across all BP strata
(all P,0.001).
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patients died in the nonoverhydrated group. As presented in
detail in Figure 4, right panel and Table 3 (detailed description
of the full model), the independent risk attributable to chronic
FO in patients with BP,130 or.160 mmHg was comparable
in magnitude or higher than that of coronary artery disease
(HR, 1.63; 95% CI, 1.46 to 1.82), congestive heart failure (HR,
1.65; 95% CI, 1.52 to 1.81), or an increase in age of$12 years
(HR, 1.48; 95% CI, 1.39 to 1.56), and excluding BP from the
multivariate model did not materially change the HR associ-
ated with FO (HR, 1.50; 95% CI, 1.38 to 1.64).

In this subcohort of patientswho survived at least 1 year, the
relationship between systolic BP and mortality was U shaped,
and the risk of death was minimal in the 130- to 160-mmHg
category (Figure 3). Of note, the fully adjusted risk associated
with cumulative exposure to FO was substantially higher than
that estimated for baseline FO across all BP strata (Figure 4).
Fluid-overloaded patients with either high BP (.160 mmHg;
HR, 1.62; 95% CI, 1.39 to 1.90) or low BP (,130 mmHg; HR,

1.94; 95% CI, 1.68 to 2.23) exhibited the
highest risk of death, whereas the mortality
riskwas intermediate in overhydrated patients
with normal BP (130–160 mmHg; HR, 1.51;
95% CI, 1.35 to 1.69); such as in the analysis
on the basis of the baseline FO, the death risk
was substantially lower in nonoverhydrated
patients. Indeed, the risk was just 19% higher
than that in the reference category (BP=130–
160 mmHg) in patients with low BP (HR,
1.19; 95% CI, 1.06 to 1.33) and 18% higher
in patients with high BP (HR, 1.18; 95% CI,
1.00 to 1.38). No effect modification by type
of treatment (hemodialysis versus hemodiafil-
tration) or country was registered (P.0.20).

In a sensitivity analysis with face to face
comparison of the fully adjusted HR of
1-year cumulative exposure to FO (in the
22,845 patients who survived at least 1

year) with the HR of the baseline FO in the same patients,
the risk of cumulative FO exposure (see above) was again
more pronounced than the corresponding risk estimated by
the baseline FO measurement across all systolic BP categories
(,130 mmHg: HR, 1.32; 95% CI, 1.15 to 1.51 versus 130–160
mmHg: HR, 1.13; 95%CI, 1.00 to 1.27 and.160 mmHg: HR,
1.21; 95% CI, 1.06 to 1.38; all P,0.001).

DISCUSSION

Chronic exposure to FO as quantified by repeated measure-
ments of body fluids by bioimpedance spectroscopy substan-
tially increased the risk of death across discrete BP categories
in a large cohort of patients on incident hemodialysis. The
magnitude of death risk attributable to chronic FO was com-
parable with that of coronary artery disease or congestive heart
failure per se or an increase in age of $12 years.

Only three studies have tested the rela-
tionship between directlymeasured FO and
the risk of death in the ESRDpopulation.4–6

In these studies—all on the basis of preva-
lent patients and collectively including just
667 patients—FO was measured only at
baseline. We tested the relationship be-
tween exposure to FO and mortality by
two approaches. By the first approach, we
estimated the risk of death associated with
baseline FO in incident patients, which is a
survival bias–free approach. By the second
approach, we investigated the relationship
between cumulative exposure to FO over 1
year and death beyond the first year, an ap-
proach surmising that, like for traditional
risk factors,7–10 the effects of FO are cumu-
lative in nature. In both analyses, the link

Figure 3. Relationship between (left panel) baseline and (right panel) 1-year cumu-
lative systolic BP and mortality. Data are adjusted for the full list of variables in Table 1.

Figure 4. (Left panel) Baseline and (right panel) 1-year cumulative FO and mortality in
patients stratified by predialysis systolic BP. Data are adjusted for the full list of var-
iables in Table 1. Data are HR and 95% CIs. Fluid-overloaded patients had a signif-
icantly higher risk of death compared with nonoverloaded patients across all BP strata
(all P,0.001).
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Summary of observational studies

Achieving 
blood pressure targets during dialysis improves 
control but increases intradialytic hypotension.

1. The relation between pre- & post-
dialysis SBP and outcome differs 
from the general population

2. The relation between SBP and 
outcome is complex and is 
modified by:
• Temporal trends
• BP behavior during HD
• Fluid status • BP is overshadowed by other (more 

potent) risk factors?
• Observation period was too short for 

BP to have an effect?
• Confounding? - low/ normal BP is a 

proxy for heart failure. High BP is 
proxy for better food/ salt/ fluid intake

Effects of BP lowering – a randomized trial

n=126 prevalent patients                      
2-week pre-dialysis SBP >155 mmHg 
Randomization: 110-140 or 155-165
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BP in Dialysis: Results of a Pilot Study

Dana C. Miskulin,1 Jennifer Gassman,2 Ronald Schrader,3 Ambreen Gul,3 Manisha Jhamb,4

David W. Ploth,5 Lavinia Negrea,6 Raymond Y. Kwong,7 Andrew S. Levey,1
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ABSTRACT
The optimal BP target for patients receiving hemodialysis is unknown.We randomized 126 hypertensive patients
on hemodialysis to a standardized predialysis systolic BP of 110–140 mmHg (intensive arm) or 155–165 mmHg
(standard arm). The primary objectives were to assess feasibility and safety and inform the design of a full-scale
trial. A secondary objectivewas to assess changes in left ventricularmass.Median follow-upwas 365days. In the
standardarm, the2-weekmovingaveragesystolicBPdidnot changesignificantlyduring the interventionperiod,
but in the intensive arm, systolic BP decreased from 160 mmHg at baseline to 143 mmHg at 4.5 months. From
months 4–12, the mean separation in systolic BP between arms was 12.9 mmHg. Four deaths occurred in the
intensive arm and one death occurred in the standard arm. The incidence rate ratios for the intensive compared
with the standard arm (95% confidence intervals) were 1.18 (0.40 to 3.33), 1.61 (0.87 to 2.97), and 3.09 (0.96 to
8.78) formajor adversecardiovascularevents, hospitalizations, andvascular access thrombosis, respectively. The
intensive and standard arms had similar median changes (95% confidence intervals) in left ventricular mass
of 20.84 (217.1 to 10.0) g and 1.4 (211.6 to 10.4) g, respectively. Although we identified a possible safety
signal, the small size and short duration of the trial prevent definitive conclusions. Considering the high risk for
major adverse cardiovascular events in patients receiving hemodialysis, a full-scale trial is needed to assess
potential benefits of intensive hypertension control in this population.

J Am Soc Nephrol 29: 307–316, 2018. doi: https://doi.org/10.1681/ASN.2017020135

The Kidney Disease Outcomes Quality Initiative
guideline recommending a predialysis systolic BP
(SBP) ,140 mmHg in patients receiving hemodial-
ysis (HD)1 is on the basis of expert opinion.2 Al-
though hypertension control decreases mortality in
the general population,3 observational studies in pa-
tients on HD have found increased mortality among
those with SBP#140mmHg.4–9 Foley et al.10 and the
Frequent Hemodialysis Network (FHN) Study
Group reported that a decrease in SBPwas associated
with a decrease in left ventricular mass (LVM).11

However, reducing predialysis SBP may increase the
frequency of intradialytic hypotension (IDH),12,13

major adverse cardiovascular events (MACE),14,15

and vascular access thromboses (VAT).16

In ameta-analysis of randomized, controlled trials
(RCT) in patients receiving dialysis, antihypertensive
therapy was associated with improved survival,
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Eff ect of lowering blood pressure on cardiovascular events 
and mortality in patients on dialysis: a systematic review 
and meta-analysis of randomised controlled trials
Hiddo J Lambers Heerspink, Toshiharu Ninomiya, Sophia Zoungas, Dick de Zeeuw, Diederick E Grobbee, Meg J Jardine, Martin Gallagher, 
Matthew A Roberts, Alan Cass, Bruce Neal, Vlado Perkovic

Summary
Background Patients undergoing dialysis have a substantially increased risk of cardiovascular mortality and morbidity. 
Although several trials have shown the cardiovascular benefi ts of lowering blood pressure in the general population, 
there is uncertainty about the effi  cacy and tolerability of reducing blood pressure in patients on dialysis. We did a 
systematic review and meta-analysis to assess the eff ect of blood pressure lowering in patients on dialysis.

Methods We systematically searched Medline, Embase, and the Cochrane Library database for trials reported between 
1950 and November, 2008, without language restriction. We extracted a standardised dataset from randomised 
controlled trials of blood pressure lowering in patients on dialysis that reported cardiovascular outcomes. Meta-
analysis was done with a random eff ects model. 

Findings We identifi ed eight relevant trials, which provided data for 1679 patients and 495 cardiovascular events. 
Weighted mean systolic blood pressure was 4·5 mm Hg lower and diastolic blood pressure 2·3 mm Hg lower in 
actively treated patients than in controls. Blood pressure lowering treatment was associated with lower risks of 
cardiovascular events (RR 0·71, 95% CI 0·55–0·92; p=0·009), all-cause mortality (RR 0·80, 0·66–0·96; p=0·014), and 
cardiovascular mortality (RR 0·71, 0·50–0·99; p=0·044) than control regimens. The eff ects seem to be consistent 
across a range of patient groups included in the studies.

Interpretation Treatment with agents that lower blood pressure should routinely be considered for individuals 
undergoing dialysis to reduce the very high cardiovascular morbidity and mortality rate in this population.

Funding National Health and Medical Research Council of Australia Program.

Introduction 
Worldwide, many hundreds of thousands of people 
receive dialysis on a continuing basis because of severe 
and irreversible chronic kidney disease. These patients 
are at increased risk of cardiovascular mortality and 
morbidity compared with the general population.1 Every 
year, between 10% and 20% of all patients on dialysis die, 
with around 45% of these deaths attributed to 
cardiovascular causes.2

Blood pressure is usually raised in patients receiving 
dialysis, possibly because the role of the kidneys in blood 
pressure homoeostasis is impaired; chronic volume 
overload and a range of other factors might also 
contribute to high blood pressure. Several clinical trials 
and meta-analyses3–7 have shown the cardiovascular 
benefi ts of lowering blood pressure in the general 
population and in patients with early kidney disease; 
therefore, reduction of blood pressure is an attractive 
therapeutic target for patients on dialysis. However, the 
effi  cacy and safety of lowering blood pressure in this 
patient population are still uncertain. Observational 
studies in patients on dialysis have suggested a time-
dependent association between blood pressure levels 
and cardiovascular outcomes, with low blood pressure 
being associated with higher mortality rates in the short 

term, but lower mortality rates in the long term. These 
fi ndings probably refl ect a confounding of the short-
term association attributable to reverse causation.8,9 
Although most of the previous trials on blood pressure 
lowering have systematically excluded patients on 
dialysis, the fi rst trials done in this patient population 
reported confl icting results.10,11 We therefore undertook a 
systematic review and meta-analysis to assess the eff ect 
of treatments that reduce blood pressure in patients 
receiving maintenance dialysis.

Methods
Search strategy and selection criteria
We did a systematic review of the available literature in 
accordance with the QUORUM guidelines for the 
conduct of meta-analyses of intervention studies.12 
Relevant studies were identifi ed by searches of Medline 
via Ovid (from 1950 up to November, 2008), Embase 
(from 1966 up to November, 2008), and the Cochrane 
Library database (Cochrane Central Register of Controlled 
Trials; no date restriction), with relevant text words and 
medical subject headings that included all spellings of 
antihypertensive agents, “renal dialysis”, “kidney failure”, 
and “cardiovascular disease” (see webappendix p 3 for 
complete search strategy). The search was limited to 
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There was no strong evidence of heterogeneity of eff ect 
size among the studies for the outcomes of all-cause 
mortality or cardiovascular mortality. 

Two studies used an active run-in design, in which 
patients who did not tolerate the study drug during a 
preliminary phase were not randomised to treatment or 
placebo.10,11 14% and 1% of patients were excluded during 
the run-in periods of these trials (table 2). Five studies 
reported information about study treatment 
discontinuation rates.10,17,18,20,21 Overall, the proportion of 
patients who stopped taking study medication was low 
and did not diff er substantially between active treatment 
and control groups (table 2).

Discussion
Individuals undergoing dialysis are at increased risk of 
death and cardiovascular events but so far no treatments 
proven to reduce this risk have been available to patients 
and clinicians. Interventions such as lipid lowering,23 
dialysis prescription modifi cation,24 homocysteine 
lowering,25–27 mineral metabolism modifi cation,28 and 
haemoglobin normalisation29 have been assessed in 
randomised trials and systematic reviews, but there is no 
clear evidence to show that any of these approaches 
reduces the risk of death or major cardiovascular events. 
In this meta-analysis of randomised trials, we have shown 
that treatment with agents that lower blood pressure 
reduces cardiovascular morbidity and mortality in patients 
on maintenance dialysis. The eff ects are consistent with 
or without the presence of hypertension and other 
comorbidities and across a range of drug classes.

The optimum blood pressure goals for dialysis patients 
have not been defi ned. The Kidney Disease Outcomes 
Quality Initiative recommends a predialysis blood 
pressure goal of below 140/90 mm Hg.30 The rationale for 
this recommendation is largely based on extrapolation of 
blood pressure targets from studies done in the non-
dialysis population with normal renal function. Here, we 
found that the benefi t of blood pressure lowering drugs 
was similar in trials that did and did not select participants 
on the basis of raised baseline blood pressure levels.

Drugs that lower blood pressure might increase the 
risk of intradialytic hypotension, and previous 
observational studies have suggested that this adverse 
event might be associated with an increased risk of all-
cause mortality.31 However, we found that blood pressure 
lowering was well tolerated, with few participants 
excluded during the active run-in phase of the two trials 
that used this design, and no consistent evidence of 
higher dropout rates in the active treatment groups than 
in the control groups of the studies. Additionally, the risk 
of death and other serious outcomes was reduced by the 
use of agents that lower blood pressure. Randomised 
controlled trials that compare the eff ects of diff erent 
intensities of blood pressure lowering on the risk of 
subsequent cardiovascular outcomes in patients on 
dialysis would provide further insight, but until further 

data are available, it would seem reasonable to consider 
treating patients on dialysis with some form of blood 
pressure lowering treatment, if they are able to tolerate 
the drug.

This analysis is not able to separate out the eff ects of 
blood pressure lowering for specifi c drug classes. The 
results do not show any diff erences in cardiovascular 
events caused by diff erent drug classes; however, the 

Numbers of events/patients

Active treatment

All-cause mortality
Li et al (2003)17

Takahashi et al (2006)19

Tepel et al (2008)21

Cice et al (2003)10

Suzuki et al (2008)20

Nakao et al (2007)22

Zannad et al (2006)11

Cice et al (2006)18

Overall
Test for heterogeneity: l2=30·0%, Q=8·57, p=0·20

Cardiovascular mortality
Li et al (2003)17

Takahashi et al (2006)19

Tepel et al (2008)21

Cice et al (2003)10

Suzuki et al (2008)20

Nakao et al (2007)22

Zannad et al (2006)11

Cice et al (2006)18

Overall
Test for heterogeneity: l2=54·6%, Q=8·8, p=0·07

Control

3/30
0/43

15/123
30/58
25/183
NR
52/196
88/151

213/784

2/30
NR
NR
17/58
12/183
NR
31/196
59/151

121/618

2/30
NR
NR
38/56
20/183
NR
30/201
75/152

165/622

2/30
7/37

20/128
41/56
38/183
NR
49/201

111/152
268/787

1·40 (0·30–6·55)
0·06 (0·00–0·97)
0·72 (0·39–1·30)
0·71 (0·53–0·95)
0·66 (0·41–1·04)
..
1·09 (0·78–1·52)
0·80 (0·68–0·94)
0·80 (0·66–0·96)

1·00 (0·15–6·64)
..
..
0·43 (0·28–0·67)
0·60 (0·30–1·19)
..
1·05 (0·67–1·68)
0·80 (0·61–1·02)
0·71 (0·50–0·99)

Risk ratio
(95% CI)

Risk ratio
(95% CI)

Favours active 
treatment

0·3 0·5 1·0 2·0
Favours
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Figure 4: Risk of all-cause mortality and cardiovascular mortality for blood pressure lowering treatment 
versus control regimens
NR=not reported.

Active agent Active 
run-in*

Excluded 
during run-in

Patients who discontinued therapy

Active treatment Control treatment

Cice et al (2003)10 β blocker Yes 18/132 (14%) 11/58 (19%) 7/56 (13%)

Li et al (2003)17 ACE inhibitor No N/A 5/30 (17%) 0/30 (0%)

Cice et al (2006)18 ARB No N/A 20/151 (13%) 16/152 (11%)

Takahashi et al (2006)19 ARB NR N/A NR NR

Zannad et al (2006)11 ACE inhibitor Yes 6/417 (1%) NR NR

Nakao et al (2007)22 β blocker No N/A NR NR

Suzuki et al (2008)20 ARB No N/A 3/183 (2%) 3/183 (2%)

Tepel et al (2008)21 Calcium-channel 
blocker

No N/A 41/123 (33%) 43/128 (34%)

ACE=angiotensin-converting enzyme. ARB=angiotensin-receptor blocker. N/A=not applicable. NR=not reported. Data 
are n/N (%). *In the two studies with a preliminary run-in phase, all patients received study drug to determine before 
randomisation which patients were unable to tolerate the drug. Only patients who were able to tolerate the drug were 
randomly assigned to receive either treatment or placebo. In Zannad et al,11 six of 417 recruited patients were excluded 
after the run-in period because of symptomatic hypertension. Finally, 397 patients were randomised. 

Table 2: Study treatment discontinuation rates
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Hypertension in hemodialysis patients treated with atenolol or
lisinopril: a randomized controlled trial
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ABSTRACT

Background. The purpose of this study was to determine among
maintenance hemodialysis patients with echocardiographic left
ventricular hypertrophy and hypertension whether in compari-
son with a β-blocker-based antihypertensive therapy, an angio-
tensin converting enzyme-inhibitor-based antihypertensive
therapy causes a greater regression of left ventricular hypertrophy.
Methods. Subjects were randomly assigned to either open-
label lisinopril (n = 100) or atenolol (n = 100) each adminis-
tered three times per week after dialysis. Monthly monitored
home blood pressure (BP) was controlled to <140/90 mmHg
with medications, dry weight adjustment and sodium restric-
tion. The primary outcome was the change in left ventricular
mass index (LVMI) from baseline to 12 months.
Results. At baseline, 44-h ambulatory BP was similar in the
atenolol (151.5/87.1 mmHg) and lisinopril groups, and im-
proved similarly over time in both groups. However, monthly
measured home BP was consistently higher in the lisinopril
group despite the need for both a greater number of antihyper-
tensive agents and a greater reduction in dry weight. An inde-
pendent data safety monitoring board recommended
termination because of cardiovascular safety. Serious cardio-
vascular events in the atenolol group occurred in 16 subjects,
who had 20 events, and in the lisinopril group in 28 subjects,
who had 43 events {incidence rate ratio (IRR) 2.36 [95% confi-
dence interval (95% CI) 1.36–4.23, P = 0.001]}. Combined
serious adverse events of myocardial infarction, stroke and
hospitalization for heart failure or cardiovascular death in the
atenolol group occurred in 10 subjects, who had 11 events and
in the lisinopril group in 17 subjects, who had 23 events (IRR
2.29, P = 0.021). Hospitalizations for heart failure were worse
in the lisinopril group (IRR 3.13, P = 0.021). All-cause

hospitalizations were higher in the lisinopril group [IRR 1.61
(95% CI 1.18–2.19, P = 0.002)]. LVMI improved with time; no
difference between drugs was noted.
Conclusions. Among maintenance dialysis patients with hy-
pertension and left ventricular hypertrophy, atenolol-based
antihypertensive therapy may be superior to lisinopril-based
therapy in preventing cardiovascular morbidity and all-cause
hospitalizations. (Funded by the National Institute of Diabetes
and Digestive and Kidney Diseases; ClinicalTrials.gov number:
NCT00582114)

Keywords: hemodialysis, hypertension, randomized trial

INTRODUCTION

Worldwide, ∼2 million people with end-stage renal disease
(ESRD) undergo maintenance hemodialysis, 20–25% of which
are in the USA. Among these patients, hypertension is
common and is often poorly controlled [1], and when
measured in the interdialytic period with ambulatory blood
pressure (BP), monitoring is strongly associated with all-cause
mortality [2–4]. An important cause of hypertension is
volume excess but even after aggressive volume management,
many patients receiving thrice-weekly dialysis remain hyper-
tensive [4, 5]. In such patients, nonvolume mechanisms—such
as activation of the renin angiotensin system or the sym-
pathoadrenal system—are important to sustain hypertension
[6]. Meta-analyses of randomized trials suggest that the risk of
cardiovascular events can be cut by a third by using antihyper-
tensive drug therapy among hemodialysis patients especially
when they are hypertensive [7, 8]. However, it is not clear
whether one class of antihypertensive agent is superior to
others in improving cardiovascular outcomes.
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Carvedilol Increases Two-Year Survival
in Dialysis Patients With Dilated Cardiomyopathy
A Prospective, Placebo-Controlled Trial
Gennaro Cice, MD,* Luigi Ferrara, MD,* Antonello D’Andrea, MD,* Salvatore D’Isa, MD,*
Attilio Di Benedetto, MD,† Antonio Cittadini, MD,‡ Pina Elvira Russo, MD,* Paolo Golino, MD, PHD,*
Raffaele Calabrò, MD*
Naples, Italy

OBJECTIVES We sought to evaluate the effects of carvedilol on mortality and morbidity in dialysis patients
with dilated cardiomyopathy.

BACKGROUND Several lines of evidence support the concept that therapy with beta-blocking agents reduces
morbidity and mortality in patients with congestive heart failure (HF), but the demonstration
of such a survival benefit in dialysis patients with dilated cardiomyopathy is still lacking.

METHODS A total of 114 dialysis patients with dilated cardiomyopathy were randomized to receive either
carvedilol or placebo in addition to standard therapy. A first analysis was performed at one
year and was followed by an additional follow-up period of 12 months.

RESULTS Two-year echocardiographic data revealed a significant attenuation of pathologic remodeling,
with smaller cavity diameters and higher ejection fractions in the active treatment group than
in the placebo group. At two years, 51.7% of the patients died in the carvedilol group,
compared with 73.2% in the placebo group (p ! 0.01). Furthermore, there were significantly
fewer cardiovascular deaths (29.3%) and hospital admissions (34.5%) among patients
receiving carvedilol than among those receiving a placebo (67.9% and 58.9%, respectively; p !
0.00001). The exploratory analyses revealed that fatal myocardial infarctions, fatal strokes,
and hospital admissions for worsening HF were lower in the carvedilol group than in the
placebo group. A reduction in sudden deaths and pump-failure deaths was also observed,
though it did not reach statistical significance.

CONCLUSIONS Carvedilol reduced morbidity and mortality in dialysis patients with dilated cardiomyopathy.
These data suggest the use of carvedilol in all dialysis patients with chronic HF. (J Am Coll
Cardiol 2003;41:1438–44) © 2003 by the American College of Cardiology Foundation

The demonstration that therapy with beta-adrenergic
blocking agents improves survival in congestive heart failure
(CHF) (1–3) has recently prompted us to evaluate the
effects of carvedilol, a third-generation beta-blocking drug
endowed with vasodilator properties, in dialysis patients
affected with dilated cardiomyopathy. Despite the routine
pharmacologic therapy and the optimization of the dialysis
regimen, such particular subset of patients exhibits an
inexorable disease progression, with a very high mortality
and morbidity (4–6).

After our initial investigation, which showed improved
clinical status and left ventricular (LV) function in dialysis
patients with dilated cardiomyopathy after 12 months of
carvedilol therapy (7), we followed up the same patient
population for an additional 12-month period. Not only
clinical status and LV structure and function were evaluated,
but also the mortality rate. The results of the current study
provide the first demonstration that carvedilol can prolong
survival in dialysis patients with dilated cardiomyopathy.

METHODS

Patients. Recruitment criteria were previously described
(7). Briefly, from February 1996 to December 1998, we
recruited 132 patients (89 men, 43 women; mean age, 55.1
" 7.6 years) with uremia on periodic hemodialysis treat-
ment and dilated cardiomyopathy. All patients were symp-
tomatic for heart failure (HF) (New York Heart Association
[NYHA] functional class II to III) for at least one year, with
an left ventricular ejection fraction (LVEF) !0.35 at echocar-
diography. To be included in the study, patients had to be
clinically stable with no change in their usual medications in
the last two weeks and should not have required intravenous
inotropic drug therapy or experienced weight changes for at
least 48 h before the enrollment (#2.5 kg compared with
the “dry weight”). Exclusion criteria included: current
NYHA functional class IV; heart rate !50 beats/min; sick
sinus syndrome; first degree atrioventricular block with a
PQ interval #0.24 s, second- or third-degree heart block
(unless controlled by a pacemaker); documented episodes of
sustained ventricular tachycardia (#30 s, #120 beats/min);
systolic blood pressure (BP) !90 mm Hg; stroke, acute
myocardial infarction (MI), unstable angina, coronary an-
gioplasty, or aortocoronary bypass surgery in the three
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Options to lower BP? – dry weight reduction 

Figure 2.
The effect of dry-weight reduction on interdialytic ambulatory systolic (Panel A) and diastolic
blood pressure (Panel B) in hypertensive hemodialysis patients.
The mean systolic and diastolic blood pressures are shown for the baseline control and
ultrafiltration groups. The mean changes in blood pressure are shown for weeks 4 and 8
following randomization (solid arrows), and the mean differences in blood pressures (dotted
arrows) between the two groups at each 4 week interval. The numbers next to the dotted lines
connecting the data points are the mean changes in blood pressure between groups at 4 and 8
weeks following randomization. The 95% confidence intervals are given in parentheses.
Asterisks (p<0.05), daggers (p<0.01) and double daggers (p<0.001) indicate significant
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Dry-weight reduction in hypertensive hemodialysis patients

(DRIP): A randomized controlled trial

Rajiv Agarwal, MD1,2, Pooneh Alborzi, MD1, Sangeetha Satyan, MD1, and Robert P. Light,
BS1

1Division of Nephrology, Indianapolis, IN

2Richard L. Roudebush VA Medical Center, Indianapolis, IN

Abstract
Volume excess is thought to be important in the pathogenesis of hypertension among hemodialysis
patients. To determine whether additional volume reduction will result in improvement in blood
pressure (BP) among hypertensive patients on hemodialysis and to evaluate the time-course of this
response we randomized long-term hypertensive hemodialysis patients to ultrafiltration or control
groups. In the additional ultrafiltration group (n=100) we probed the dry-weight without increasing
time or duration of dialysis while the control group (n=50) only had physician visits. The primary
outcome was change in systolic interdialytic ambulatory BP. Post-dialysis weight was reduced by
0.9 kg at 4 weeks and resulted in -6.9 mm Hg (95% CI -12.4, -1.3 mm Hg, p=0.016) change in systolic
BP and -3.1 mm Hg (95% CI -6.2, -0.02 mm Hg, p=0.048) change in diastolic BP. At 8 weeks, dry-
weight was reduced 1 kg, systolic BP changed -6.6 mm Hg (95% CI -12.2, -1.0 mm Hg, p=0.021)
and diastolic BP -3.3 mm Hg (95% CI -6.4, -0.2 mm Hg, p=0.037) from baseline. The Mantel-Hanzel
combined odds-ratio for systolic BP reduction of at least 10 mm Hg was 2.24 (95% CI 1.32, 3.81,
p=0.003). There was no deterioration seen in any domain of the kidney disease quality of life health
survey despite an increase in intradialytic signs and symptoms of hypotension. The reduction of dry-
weight is a simple, efficacious and well tolerated maneuver to improve BP control in hypertensive
hemodialysis patients. Long-term control of BP will depend on continued assessment and
maintenance of dry-weight.

Keywords

hemodialysis; hypertension; ultrafiltration; ambulatory blood pressure; volume overload

Introduction
Chronic kidney disease (CKD) is common in the general population and is associated with
increased cardiovascular risk 1. Cardiovascular mortality is exceedingly high especially in
patients with more advanced CKD. Hypertension is a cardiovascular risk factor common in
patients with CKD 2. Despite drug treatment, hypertension is difficult to control especially in
patients who have end-stage renal disease (ESRD) 3. Unlike office blood pressure
measurement which forms the basis of most hypertension management, blood pressures
obtained in dialysis centers poorly represent the usual level of blood pressure in hemodialysis
patients which makes the management of hypertension particularly challenging4.
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Rapid fluid removal during dialysis is associated
with cardiovascular morbidity and mortality
Jennifer E. Flythe1, Stephen E. Kimmel2 and Steven M. Brunelli1

1Renal Division, Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, Massachusetts, USA and
2Cardiology Division, Department of Medicine, Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania School of
Medicine, Philadelphia, Pennsylvania, USA

Patients receiving hemodialysis have high rates of
cardiovascular morbidity and mortality that may be related
to the hemodynamic effects of rapid ultrafiltration. Here we
tested whether higher dialytic ultrafiltration rates are
associated with greater all-cause and cardiovascular
mortality, and hospitalization for cardiovascular disease. We
used data from the Hemodialysis Study, an almost-7-year
randomized clinical trial of 1846 patients receiving thrice-
weekly chronic dialysis. The ultrafiltration rates were divided
into three categories: up to 10 ml/h/kg, 10–13 ml/h/kg, and
over 13 ml/h/kg. Compared to ultrafiltration rates in the
lowest group, rates in the highest were significantly
associated with increased all-cause and cardiovascular-
related mortality with adjusted hazard ratios of 1.59 and 1.71,
respectively. Overall, ultrafiltration rates between 10–13 ml/h/
kg were not associated with all-cause or cardiovascular
mortality; however, they were significantly associated among
participants with congestive heart failure. Cubic spline
interpolation suggested that the risk of all-cause and
cardiovascular mortality began to increase at ultrafiltration
rates over 10 ml/h/kg regardless of the status of congestive
heart failure. Hence, higher ultrafiltration rates in
hemodialysis patients are associated with a greater risk of
all-cause and cardiovascular death.

Kidney International (2011) 79, 250–257; doi:10.1038/ki.2010.383;
published online 6 October 2010

KEYWORDS: cardiovascular death; hemodialysis; mortality; ultrafiltration

The United States is home to more than 350,000 hemodia-
lysis (HD) patients.1 Dialysis patients experience high rates of
mortality, driven largely by an exceptionally high rate
of cardiovascular (CV)-related mortality, which exceeds that
of the general population by 10- to 20-fold.2,3 Dialysis
patients have a high prevalence of traditional CV risk factors
such as diabetes and hypertension, as well as a number of
additional risk factors related to their kidney dysfunction
and/or to the dialytic procedure such as autonomic
dysfunction, vascular calcification and stiffness, and increased
levels of circulating inflammatory mediators.1,4,5 Unfortu-
nately, many of these factors have proven to be either
non-modifiable or difficult to modify within the scope of
current dialytic practice.

One compelling and potentially modifiable putative CV risk
factor is ultrafiltration rate (UFR; the rate at which fluid is
removed during the course of dialysis). As native kidney
function wanes, ultrafiltration is necessary to maintain volume
control (i.e., salt and water balance), but it simultaneously and
disadvantageously promotes non-physiological fluid shifts and
hemodynamic instability. In turn, these factors contribute to
tissue ischemia, maladaptive cardiac structural changes, myo-
cardial stunning, arrhythmia, and cardiac sudden death.6–14

Despite obvious biological plausibility, the association between
UFR and CV morbidity and mortality has not been well
studied. The only previous study in this regard examined UFR
410 (versus p10) ml/h/kg, showing a small increase in all-
cause mortality (adjusted RR¼ 1.09; P¼ 0.02) but no increase
in cardiopulmonary mortality (adjusted RR¼ 1.04; P¼ 0.41).15

Subsequent data suggest that the cut point of 10 ml/h/kg may
have been too low to observe a true UFR–CV mortality
association,16 and the issue remains unsettled.

Therefore, we undertook this study in order to clarify the
associations between UFR and both all-cause and CV-related
mortality among patients undergoing chronic, thrice-weekly
HD. We hypothesized that higher UFR would be associated
with greater CV-related mortality that, in turn, would drive
all-cause mortality. We used the data from the Hemodialysis
Study (HEMO), as this study is one of very few large-scale
prospective studies in chronic dialysis patients in which the
CV outcomes were rigorously adjudicated according to
standardized criteria.17 Moreover, we sought to leverage
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by more frequent dialysis (which allows less intervening
time for fluid accumulation) or by wearable ultrafiltration
technologies that enable fluid removal even during
the interdialytic interval; ongoing studies are examining the
feasibility and health effects of these approaches.29,30

Strengths of this study include the prospective and rigorous
data collection, standardized adjudication of death/hospitaliza-
tion events, and robust sample size in the HEMO Study. Several
limitations of this study bear mention. As with any observa-
tional analysis, there exists the potential for residual confound-
ing and bias. To minimize risk for residual confounding, we
adjusted estimates for variables plausibly associated with both
UFR and mortality, such as age, gender, comorbid conditions,
dialysis access type, and antihypertensive medication use;
however, we cannot exclude the possibility of residual confound-
ing on the basis of these variables or by other variables not
considered. A second weakness may be in our use of observed
rather than prescribed UFR as this may have introduced
misclassification bias into our UFR calculation (e.g., hypo-
tension-necessitated fluid boluses would decrease pre-to-post
session weight change, thus underestimating the rate at which
fluid was actually removed during treatment); likewise, changes
in UFR within individual participants after baseline may have
also resulted in misclassification. Such misclassification,
however, would be expected to bias findings toward the null,
rendering our estimates conservative. Finally, the HEMO
Study excluded the very elderly (480 years old), patients
with New York Heart Association Class IV heart failure and
unstable angina, and most patients 4100 kg (on the basis of
inability to achieve target Kt/V), which may limit general-
izability to these sub-populations.17 Nonetheless, we believe
that our results apply to the vast majority of the overall US
HD population.

In conclusion, this study shows that among chronic HD
patients, UFRs 413 ml/h/kg are associated with increased
all-cause mortality and even more so with CV mortality.
Further prospective studies are needed to confirm and
generalize findings and to investigate interventional strategies
aimed at mitigating CV risk through minimization of UFR.

Table 2 | Effect modification of the association between UFR and all-cause and CV mortality on the basis of congestive heart
failure

Congestive heart failure (!) Congestive heart failure (+)

UFR Adjusted HR (95% CI)a P Adjusted HR (95% CI)a P P-interactionb

All-cause mortality 0.002
p10 ml/h/kg 1.00 (ref.) — 1.00 (ref.) — —
10–13 ml/h/kg 0.80 (0.64–1.05) 0.11 1.41 (1.09–1.81) 0.008 —
413 ml/h/kg 1.61 (1.23–2.11) 0.001 1.59 (1.24–2.05) 0.008 —

CV-related mortalityc 0.07
p10 ml/h/kg 1.00 (ref.) — 1.00 (ref.) — —
10–13 ml/h/kg 0.76 (0.48–1.20) 0.24 1.41 (0.94–2.11) 0.10 —
413 ml/h/kg 1.70 (1.11–2.62) 0.02 1.73 (1.15–2.59) 0.008 —

Abbreviations: CI, confidence interval; CV, cardiovascular; HR, hazard ratio; ref., reference; SBP, systolic blood pressure; UFR, ultrafiltration rate.
aModels adjusted for age, sex, interdialytic weight gain, race (black, non-black), smoking status (never, past, current), vintage (o1, 1–2, 2–4, X4 years), access type (graft,
fistula, catheter), SBP (o120, 120–140, 140–160, 160–180, X180 mm Hg), residual urine output (pversus 4200 ml/day), diabetes, congestive heart failure, peripheral vascular
disease, ischemic heart disease, cerebrovascular disease), serum albumin, creatinine, hematocrit (o30, 30–33, 33–36, X36%), and phosphorus, and use of a-adrenergic
blocker, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, b-blocker, calcium channel blocker, nitrates, and other antihypertensives. Two-way
cross-product terms with time were included for albumin and SBP in analyses of all-cause mortality and for albumin in analyses of CV-related mortality due to non-
proportional hazards.
bBased on likelihood ratio testing.
cCV events were those attributed to ischemic heart disease, congestive heart failure, arrhythmias and conduction problems, sudden cardiac death due to heart conditions
other than ischemic heart disease/arrhythmia, valvular defects, hypertensive crisis, or accelerated hypertension, cerebral vascular disease, and vascular disease, including
ruptured vascular aneurysm, peripheral vascular disease, mesenteric ischemia, and arterial embolism and thrombosis.

Associations between UFR and CV and all-cause mortality
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Figure 3 | Cubic spline analysis of the associations between
ultrafiltration rate (UFR) and cardiovascular (CV) (solid line)
and all-cause (dashed line) mortality. Hazard ratios were
adjusted for age, sex, interdialytic weight gain, race (black, non-
black), smoking status (never, past, current), vintage (o1, 1–2, 2–4,
X4 years), access type (graft, fistula, catheter), systolic blood
pressure (o120, 120–140, 140–160, 160–180, X180 mm Hg),
residual urine output (p versus 4200 ml/day), diabetes,
congestive heart failure, peripheral vascular disease, ischemic
heart disease, cerebrovascular disease, serum albumin, creatinine,
hematocrit (o30, 30–33, 33–36, X36%), and phosphorus, and use
of a-adrenergic blocker, angiotensin-converting enzyme inhibitor/
angiotensin receptor blocker, b-blocker, calcium channel blocker,
nitrates, and other antihypertensives. Estimates are presented for
UFRs between 5.8 ml/h/kg (the 5th percentile of observed UFR in
the study sample) and 20.4 ml/h/kg (the 95th percentile).
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Balance between pre-dialysis BP & hemodynamic 
stability during HD 

Ischemic brain injury in hemodialysis patients:
which is more dangerous, hypertension or
intradialytic hypotension?
Christopher W. McIntyre1 and David J. Goldsmith2

1Division of Nephrology, Schulich School of Medicine and Dentistry, University of Western Ontario, London, Ontario, Canada and
2Guy's and St. Thomas' NHS Foundation Trust, King's College Academic Health Partners, London, UK

Abnormalities of cognitive function and high levels of
depression incidence are characteristic of hemodialysis
patients. Although previously attributed to the humoral
effects of uremia, it is becoming increasingly appreciated that
many elements of the overall disease state in CKD patients
contribute to functional disturbances and physical brain
injury. These factors range from those associated with the
underlying primary diseases (cardiovascular, diabetes etc.) to
those specifically associated with the requirement for dialysis
(including consequences of the hemodialysis process itself).
They are, however, predominantly ischemic threats to the
integrity of brain tissue. These evolving insights are starting
to allow nephrologists to appreciate the potential biological
basis of dependency and depression in our patients, as well
as develop and test new therapeutic approaches to this
increasingly prevalent and important issue. This review aims
to summarize the current understanding of brain injury in
this setting, as well as examine recent advances being made
in the modification of dialysis-associated brain injury.
Kidney International advance online publication, 8 April 2015;
doi:10.1038/ki.2015.62

KEYWORDS: brain injury; hemodialysis; leukoaraiosis; myocardial stunning;
stroke

Chronic kidney disease (CKD) patients are subject to a wide
variety of pathophysiological processes that challenge the
structural and functional integrity of the central nervous
system. Neurological dysfunction in general in this patient
group can be episodic or chronic and reflect an equally wide
range of humoral, metabolic, inflammatory, and vascular
insults. Our understanding of brain structure in patients
receiving hemodialysis (HD) has evolved in tandem with
advances in neuroimaging. Progression from early computed
tomography-based studies to magnetic resonance imaging
(MRI), high-field MRI, and now dynamic assessment of
perfusion and ultrastructure by a variety of more recently
developed MRI techniques has allowed increasing apprecia-
tion of the scope and scale of brain injury in HD patients.

There are multiple pathologies that have been described
by brain MRI appearances in dialysis patients. These may
be entirely asymptomatic or linked to more subtle defects
in neurocognitive function, often only apparent on specific
testing.1 Many of the same processes drive this entire
spectrum and are often progressive. Many of these changes
do not appear to be strongly associated with classical
cardiovascular risk factors and instead seem to be predomi-
nantly driven by other factors, such as microvascular disease,
inflammation, and challenged perfusion (both in general and/
or episodically during HD treatment itself). These abnorm-
alities range from classic stroke to silent cerebral infarct (SCI)
and more subtle changes both in the white matter
(leukoaraiosis) and gray matter (cortical atrophy). In this
way, the situation with cardiac injury on dialysis is mirrored
—with more non-ST elevated myocardial infarctions than
classical completed transmural myocardial infarctions.

Many of these processes reflect continued influence of the
underlying disease states responsible for the dialysis requiring
CKD. Superimposed on the pathophysiology already familiar
from the study of an aging and increasingly vascularly
challenged population, additional systemic cardiovascular
structural and functional progressive abnormalities (resulting
directly from the chronic uremic state) predispose the brain
to further injury.

There is strong emerging evidence that the HD procedure
itself causes significant systemic circulatory stress.2 This
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white matter injury, and in turn this was proportional to the
degree of cardiovascular instability during HD sessions. This
further reinforces the central role that dialysis treatment
might have in the development of functionally significant
brain injury.

CONTROVERSIES RELATING TO THE ROLE OF BLOOD
PRESSURE IN HD PATIENTS
Blood pressure in HD patients is a complex and poorly
understood matter, despite decades of evidence from routine,
and research-derived, predialysis, peridialysis, and postdialysis
blood pressure (BP) measurements. BP levels are character-
istically higher in established dialysis patients. There are
no current guideline BP values to aim for, largely as a function
of the relative lack of randomized controlled trials among
patients on conventional HD to base such recommendations
on. The available observational data, which are highly

confounded, suggest that lower (rather than higher) BP
associates with adverse outcomes. Thus, too much uncer-
tainty remains regarding the ideal BP to improve outcomes
among patients on three-times-weekly conventional HD.

One of the difficulties in identifying goal BP targets relates
to the inaccuracies surrounding the BP measurements
themselves. Agarwal et al.18 have clearly shown that both
pre- and post-dialysis unit BP measurements are inaccurate
reflections of BP burden, as measured by ambulatory or home
BP. Although most agree that home BP measurements are
useful clinically, this is not a suitable method for many
patients.

Park et al.19 performed a retrospective analysis to describe
the relationship between predialysis to postdialysis changes in
BP and mortality. The study cohort was inclusive of 113,255
US HD patients cared for in a large dialysis organization
(DaVita) from 2001 to 2006. Overall mortality was high, with
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Figure 1 |High field diffusion tensor imaging of HD patients’ brains. (a) 7T T1-weighted image of a 35-year-old HD patient, with a 7-year
dialysis vintage but no macrovascular, diabetic, or smoking history illustrating significant white matter injury. (b) Representative 1.5T magnetic
resonance imaging images of the brain of a hemodialysis patient. The color images are diffusion tensor imaging, demonstrating the degree of
architectural coherence (assessed by fractional anisotropy (FA)); the contrasting monochrome images are of conventional density-based
assessment. Both of these measures can be handled a variety of ways, but off-line voxel-based assessment allows the accurate measurement of
both density and FA, and display this as a histogram of distribution frequency.
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Achieving blood pressure targets during dialysis
improves control but increases intradialytic
hypotension
A Davenport1, C Cox2 and R Thuraisingham3, on behalf of the Pan Thames Renal Audit Group

1UCL Center for Nephrology, Royal Free and University College Medical School, London, UK; 2Audit Information and Analysis Unit, Data
and Facilitation, Bexley NHS Care Trust, London, UK and 3Department of Renal Medicine, Barts and The Royal London NHS Trust,
London, UK

Cardiovascular disease remains the most common cause of
mortality in patients with end-stage kidney disease treated
by regular hemodialysis. To improve blood pressure control
and reduce cardiovascular risk, the United Kingdom Renal
Association standards committee introduced pre- and post-
dialysis target blood pressures of less than 140/90 and 130/
80mmHg, respectively. We audited blood pressure control
and symptomatic intradialytic hypotension requiring fluid
resuscitation in the Greater London area renal centers that
serve 2630 patients. The study captured 7890 hemodialysis
sessions during a 1-week period where only 36% of the
patients achieved the pre-dialysis target and 42% the post-
dialysis target, with a wide variation between centers.
Different antihypertensive medication prescriptions did not
affect achievement of these targets. Fifteen percent of the
patients suffered symptomatic hypotension requiring fluid
resuscitation associated with significantly greater
interdialytic weight gains. Our study found that intradialytic
hypotension was significantly greater in centers that
achieved better post-dialysis blood pressure targeting.

Kidney International (2008) 73, 759–764; doi:10.1038/sj.ki.5002745;
published online 26 December 2007

KEYWORDS: hemodialysis; hypertension; hypotension; audit; targets;
standards

Hypertension and cardiovascular risk in the general
population
In the general population, there is a strong association
between hypertension and death and, in particular, increasing
pulse pressure as a result of decreased conduit artery
compliance.1 The relative risk of hypertension for stroke
and heart attack is greatest for younger subjects, although the
absolute risk increases with age. In addition to stroke and
heart attack, hypertension is also causally linked with heart
failure and chronic kidney disease. A nonlinear association or
‘J’-shaped curve has been reported between blood pressure
and recurrent events in patients with previous myocardial
infarction. Despite concerns that this increased risk may have
been attributable to an adverse effect of treatment, it is now
considered more likely to reflect the severity of disease on
blood pressure—the larger the size of myocardial infarction,
the greater the fall in blood pressure—rather than the effect
of blood pressure or its treatment on the disease.2

Hypertension has been defined by the US Joint National
Committee on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure3 (Table 1).

Hypertension and cardiovascular risk in the chronic kidney
disease population
Cardiovascular death remains the most common cause of
death in the chronic hemodialysis population, however; the
same strong association is not seen with hypertension.4 For
example, systolic hypertension in Japanese hemodialysis
patients was not associated with any excess heart attacks
and/or stroke, although there was an increased risk of
intracranial hemorrhage with systolic blood pressures
4180mmHg.5 In addition, post-mortem studies have
shown that lacunar infarcts secondary to hypertension were
the most common finding, even in patients without overt
cerebrovascular disease.6

Blood pressure targets in the chronic kidney disease
population
In view of the risk of cardiovascular death in hemodialysis
patients, blood pressure control has become a major target
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High fall incidence and fracture rate in  
elderly dialysis patients 
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A B S T R A C T 

Background: Although it is recognised that the dialysis 
population is ageing rapidly, geriatric complications such 
as falls are poorly appreciated, despite the many risk factors 
for falls in this population. The objective of this study was 
to determine the incidence, complications and risk factors 
for falls in an elderly dialysis population. 
Methods: A one-year observational study of chronic dialysis 
patients aged ≥ 70 years. At baseline, patient characteristics 
were noted and during follow-up the vital parameters and 
laboratory values were recorded. Patients were questioned 
weekly about falls, fall circumstances and consequences 
by trained nurses. 
Results: 49 patients were included with a median age of 
79.3 years (70-89 years). During follow-up 40 fall accidents 
occurred in 27 (55%) patients. Falls resulted in fractures 
in 15% of cases and in hospital admissions in 15%. In 
haemodialysis (HD) patients, the mean systolic blood 
pressure (SBP) before HD was lower in fallers compared 
with non-fallers (130 vs. 143 mmHg). Several patients in 
the lower blood pressure category received antihypertensive 
medication. For every 5 mmHg lower SBP (before HD) the 
fall risk increased by 30% (hazard ratio (HR) 1.30, 95% CI 
1.03-1.65, p = 0.03). Furthermore, fall risk increased by 
22% for every 10 pmol/l rise of parathyroid hormone (HR 
1.22, 95% CI 1.06-1.39, p = 0.004).
Conclusions: Elderly dialysis patients have a high incidence 
of falls accompanied by a high fracture rate. Given the high 
complication rate, elderly patients at risk of falling should 
be identified and managed. Reduction of blood pressure-
lowering medication might be a treatment strategy to 
reduce falls. 

K E Y W O R D S

Falls, elderly, geriatric, fracture, dialysis

I N T R O D U C T I O N 

The dialysis population is ageing rapidly in Western Europe 
and North America.1-4 An ageing dialysis population is 
associated with specific geriatric issues such as falls.5 
Falls result in more need for long-term institutional care, 
functional decline and hospitalisations.6-9 In the Netherlands, 
the numbers of fall-related hospital admissions among older 
adults more than doubled between 1981 and 2008.10 For 
community-dwelling adults aged ≥ 65 years the annual fall 
incidence is 30%, and 15% of them fall at least twice a year.11-13 
The elderly dialysis population forms a high-risk population 
given the high prevalence of risk factors for falls, such as 
polypharmacy, multiple comorbidities including diabetes 
mellitus and cardiovascular disease, peripheral neuropathy, 
autonomic dysfunction, orthostatic hypotension, functional 
decline and cognitive impairment.14-19 Nevertheless, falls in 
elderly dialysis patients is a poorly studied topic. Only two 
longer term (one year) and two shorter term (6 months) 
prospective studies have been performed to investigate 
the fall rate in the haemodialysis (HD) population. These 
studies suggested a fall rate of 26-47% in HD patients of 
different age categories,20-23 and an increased risk of death 
in subjects who experienced one or more falls.23,24 
Because of the high fall rate in the elderly dialysis population 
compared with the normal population and the associated 
adverse consequences, it is important to determine potential 
modifiable risk factors to define preventive strategies. We 
therefore started a two-centre prospective study to determine 
the incidence of falls and complications in an elderly HD 
and peritoneal dialysis (PD) population, and to identify 
potential modifiable risk factors for falls. 

M A T E R I A L S  A N D  M E T H O D S

Study participants
A prospective observational cohort study design was used 
for this two-centre study. All patients aged ≥ 70 years on 
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Short-Term Blood Pressure, Noradrenergic, and Vascular
Effects of Nocturnal Home Hemodialysis

Christopher T. Chan, Paula J. Harvey, Peter Picton, Andreas Pierratos, Judith A. Miller, John S. Floras

Abstract—Long-term nocturnal hemodialysis, which uses longer and more frequent sessions than conventional hemodi-
alysis, lowers clinic blood pressure and left ventricular mass. We tested the hypotheses that short-term nocturnal
hemodialysis would (1) reduce ambulatory blood pressure; (2) cause peripheral vasodilation; (3) lower plasma
norepinephrine concentration; and (4) improve the arterial response to reactive hyperemia (a marker of endothelium-
dependent vasodilation). We studied 18 consecutive patients (age, 41!2; [mean!SEM]) before and 1 and 2 months
after conversion from conventional (three 4-hour sessions per week) to nocturnal (six 8-hour sessions per week)
hemodialysis. As the dialysis dose per session (Kt/V) increased from 1.24!0.06 to 2.04!0.08 after 2 months (P"0.02),
symptomatic hypotension developed and most antihypertensive medications were withdrawn. Nocturnal hemodialysis
nonetheless lowered 24-hour mean arterial pressure (from 102!3 to 90!2 mm Hg after 2 months; P"0.01), total
peripheral resistance (from 1967!235 to 1499!191 dyne · s · cm#5; P$0.01) and plasma norepinephrine (from
2.66!0.4 to 1.96!0.2 nmol; P"0.04). Endothelium-dependent vasodilation could not be elicited during conventional
hemodialysis (#2.7!1.8%) but was restored (%8.0!1.0%; P"0.001) after 2 months of nocturnal hemodialysis. The
brachial artery response to nitroglycerin also improved (from 6.9!2.8 to 15.7!1.6%; P$0.05). Nocturnal hemodialysis
had no effect on weight or on stroke volume. Rapid reversal of these markers of adverse cardiovascular events with more
intense hemodialysis may translate into improved outcome in this high-risk group of patients. (Hypertension. 2003;42:
925-931.)
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Cardiovascular events are the leading cause of death in
end-stage renal disease (ESRD).1 In patients undergoing

conventional hemodialysis (CHD), each of poor control of
uremia,2 hypertension,3 elevated catecholamines,4 activation
of the renin-angiotensin-aldosterone axis,5 and impaired
flow-mediated or endothelium-dependent vasodilation6
(EDV) has been linked to an increased likelihood of adverse
cardiovascular events. Each of these risk factors is also
associated with left ventricular (LV) hypertrophy and de-
pressed LV systolic function, 2 additional markers of poor
prognosis in the ESRD population.7,8 To date, CHD has not
been shown to alter these cardiovascular risk factors. As a
result, patients with ESRD still have a mortality rate of 22%
per year.1
Nocturnal hemodialysis (NHD), which provides 8 to 10

hours of renal replacement therapy during sleep, 5 to 7 nights
per week, is a novel and more intense mode of dialysis.9 We
recently reported a marked improvement in blood pressure
(BP) control, a reduction in antihypertensive drug require-
ments, regression of left LV hypertrophy, and recovery of
impaired LV systolic function after long-term (&2 years)
NHD.10,11 These adaptations occurred in the absence of any

detectable reduction in extracellular fluid volume. How NHD
might exert these effects independent of changes in volume
status has not been established. Potential mechanisms include
a fall in LV afterload resulting from decreased production or
release or increased clearance, by dialysis of vasoconstrictor
substances, improvement in endothelial function,10 or alter-
ations in vascular smooth muscle cell responsiveness.12
In the present study, we tested the hypotheses that aug-

menting dialysis dose and frequency by NHD would over the
short term: (1) reduce clinic and ambulatory blood pressure;
(2) cause peripheral vasodilation; (3) lower plasma concen-
trations of norepinephrine and angiotensin II; and (4) improve
flow-mediated vasodilation.

Methods
This protocol was approved by Research Ethics Boards of the
Toronto General and Humber Regional Hospitals. After written
informed consent was given, subjects were recruited from patients at
these centers undergoing training before conversion from CHD to
NHD. None had systolic dysfunction or any acute illness.

Protocol
Each subject was studied first while receiving CHD and again 1 and
2 months after conversion to a stable dose of NHD. All experiments
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Abstract
Hypertension is a common complication of chronic kidney disease and persists among most
patients with end-stage renal disease despite the provision of conventional thrice weekly hemodi-
alysis (HD). We analyzed the effects of frequent HD on blood pressure in the randomized controlled
Frequent Hemodialysis Network trials. The daily trial randomized 245 patients to 12 months of 6×
(“frequent”) vs. 3× (“conventional”) weekly in-center hemodialysis; the nocturnal trial randomized
87 patients to 12 months of 6× weekly nocturnal HD vs. 3× weekly predominantly home-based
hemodialysis. In the daily trial, compared with 3× weekly HD, 2 months of frequent HD lowered
predialysis systolic blood pressure by −7.7 mmHg [95% confidence interval (CI): −11.9 to −3.5] and
diastolic blood pressure by −3.9 mmHg [95% CI: −6.5 to −1.3]. In the nocturnal trial, compared with
3× weekly HD, 2 months of frequent HD lowered systolic blood pressure by −7.3 mmHg [95% CI:
−14.2 to −0.3] and diastolic blood pressure by −4.2 mmHg [95% CI: −8.3 to −0.1]. In both trials,
blood pressure treatment effects were sustained until month 12. Frequent HD resulted in signifi-
cantly fewer antihypertensive medications (daily: −0.36 medications [95% CI: −0.65 to −0.08];
nocturnal: −0.44 mediations [95% CI: −0.89 to −0.03]). In the daily trial, the relative risk per dialysis
session for intradialytic hypotension was lower with 6×/week HD but given the higher number of
sessions per week, there was a higher relative risk for intradialytic hypotensive requiring saline
administration. In summary, frequent HD reduces blood pressure and the number of prescribed
antihypertensive medications.
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Figure 1 (a) Monthly predialysis systolic blood pressure (SBP) in the daily trial. Patients in the 6× weekly group (open squares)
had significantly lower values than the 3× weekly group (closed circles) at F1 (P < 0.001) and thereafter (mixed effects
analysis adjusting for baseline value of outcome and clinical center). (b) Monthly mean changes of predialysis SBP from
baseline in the daily trial. Patients in the 6× weekly group (open squares) had significantly lower values than the 3× weekly
group (closed circles) at F1 (P < 0.001) and thereafter (mixed effects analysis adjusting for baseline value of outcome and
clinical center).
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Figure 2 (a) Monthly predialysis systolic blood pressure (SBP) in the nocturnal trial. Patients in the 6× weekly group
(open squares) had significantly lower values than the 3× weekly group (closed circles) at F3–5 (P = 0.003) and
thereafter (mixed effects analysis adjusting for baseline value of outcome). (b) Monthly mean changes of predialysis SBP
from baseline in the nocturnal trial. Patients in the 6× weekly group (open squares) had significantly lower values than the
3× weekly group (closed circles) at F3–5 (P = 0.003) and thereafter (mixed effects analysis adjusting for baseline value of
outcome).
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What is the optimal blood pressure target in a 
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Personal opinion

1. Quite liberal up to 180 mmHg. Discriminate between 
occasional high BP (no action) versus consistent high 
BP. Use home recordings.

2. Check for overhydration & optimize dry weight regardless
of blood pressure. Sodium restriction!                              
Patients with intra-dialytic rise in BP are often ‘too wet’.

3. Consider all BP (pre-, intra- & post-dialysis) & patients’ 
complaints to evaluate treatment decisions. Prevent low 
BP especially in elderly (falls).

4. In case of hemodynamic instability or symptoms: more 
frequent and/or longer HD sessions.

5. Beware of changes in BP over time (increasing and 
decreasing): signal function.

Achieving 
blood pressure targets during dialysis improves 
control but increases intradialytic hypotension.

Conclusion

1. BP in HD patients is variable. High & low BP matter!
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2. In observational studies, the relation between BP & 
outcome is extremely complex.           
This relation is modified by volume status and intra-
dialytic blood pressure behavior.

3. The only randomized study comparing BP targets 
showed a possible ‘safety signal’ in the low BP arm

4. More frequent and/or longer HD sessions (including 
alternate day HD): lower BP and less hemodynamic 
stress
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