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Abstract
Background—In maintenance dialysis patients, low blood pressure (BP) values are associated
with higher death rates when compared to normal to moderately high values. This “hypertension
paradox” may be related to comorbid conditions. Dialysis patients with polycystic kidney disease
(PKD) usually have a lower comorbidity burden and greater survival. We hypothesized that in
PKD dialysis patients, a representative of a healthier dialysis patient population, high BP is
associated with higher mortality.

Methods—Time-dependent survival models including after multivariate adjustment were
examined to assess the association between pre- and post-hemodialysis BP and all-cause mortality
in a 5-year cohort of 67,085 non-PKD and 1,579 PKD hemodialysis patients.

Results—In PKD patients low pre- and post-hemodialysis systolic BPs were associated with
increased mortality, whereas high pre-hemodialysis diastolic BP was associated with greater
survival. Fully adjusted death hazard ratios (and 95% confidence levels) for pre- and post-
hemodialysis BP of <120 (reference: 140-<160 mmHg) were 1.30 (1.06-1.92) and 1.45
(1.04-2.02), respectively, and for pre-hemodialysis diastolic BP of >=80 (reference: 70-<80
mmHg) was 0.68 (0.49-0.93, all p-values <0.05). Similar associations were observed in non-PKD
patients. In pooled analyses, within each commensurate BP stratum, PKD patients exhibited
superior survival to non-PKD patients.
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Conclusions—Among hemodialysis patients, those with PKD display a similar BP paradox as
without PKD, even though within each BP category PKD patients maintain superior survival.
Randomized clinical trials are needed to define optimal blood pressure targets in the
haemodialysis population.
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Introduction
More than eighty percent of the 400,000 patients on maintenance hemodialysis (MHD) in
the United States have systolic hypertension.[1] Approximately two thirds of American
MHD patients die within 5 years from the initiation of chronic dialysis treatment, most of
them of cardiovascular (CV) disease.[1] The recommended blood pressure (BP) targets to be
achieved by means of anti-hypertensive therapy or other interventions in MHD patients are
recommended by the Kidney Disease Outcomes Quality Initiative (K/DOQI) to be <140 / 90
mmHg pre-hemodialysis and <130 / 80 post-hemodialysis.[2] Whereas a few studies have
indicated that, similar to the general population,[3] high systolic or diastolic BP is associated
with increased death risk in dialysis patients,[4-6] a number of large epidemiologic studies
have paradoxically indicated inverse[5, 7-16] or U-shaped[9-12, 17-20] associations
between BP and mortality in dialysis patients. It has been argued that discrepancies in these
studies including the so-called “reverse epidemiology” of BP (or hypertension paradox) are
related to differences in various clinical characteristics including comorbid conditions of the
studied patient populations.[21]

Approximately 5% of MHD patients in the US suffer from polycystic kidney disease (PKD).
[1] Hypertension is a common early finding in PKD patients, usually with an onset around
the age 30, occurring in 50 to 70% of the cases before any significant reduction in the
glomerular filtration rate could be noticed.[22-24] Affected young adults have a higher
ambulatory BP and left ventricular mass index than age-matched controls.[25, 26] PKD
patients who require MHD seem to be different from other MHD patients: they report better
quality of life[27] and greater survival than non-PKD patients including non-diabetic MHD
patients.[28-32] The relative risk (RR) of death is lower among MHD patients with PKD
compared to non-diabetic dialysis patients (RR of 0.57, p<0.001),[31, 32] a survival
advantage that is also observed among peritoneal dialysis patients.[33] These survival
differences raise questions as to whether the recently described “reverse epidemiology”
observation that characterizes the relationship of BP and survival in the general MHD
population is also present in PKD patients, and about which BP range is associated with the
greatest survival in this subset of MHD patients. Given the greater survival and lower
comorbidity burden in PKD patients compared to other MHD patients, we hypothesized that
a more conventional BP-mortality association can be observed in PKD patients.

Methods
Database Creation

The data warehouse of DaVita, Inc., the second largest dialysis care provider in the United
States with ~500 dialysis center and ~40 000 patients across the country, (prior to
acquisition of the former Gambro dialysis clinics and patients) includes comprehensive
information on virtually all of its patients. A 60-month prevalent cohort (July 2001 through
June 2006) of DaVita MHD patients was studied. Patients’ pre- and post-dialysis BP values
during each thrice-weekly hemodialysis session were captured electronically. All repeated
measures of every relevant variable for each patient within each calendar quarter or 13
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weeks were averaged to obtain one quarterly mean value for that given variable. The study
was approved by institutional review committees of Harbor-University of California, Los
Angeles (UCLA) and DaVita. The study was conforming to ICP Good Clinical Practices
Guidelines and the Declaration of Helsinki.

BP Measures
Seated pre- and post-hemodialysis BP values were measured during every single
hemodialysis treatment session by means of automatically inflated cuffs using a digital
monitor attached to each hemodialysis machine according to standard dialysis unit
protocols. All available BP values of the same sort were averaged within each of the 20
calendar quarters of the 5 year cohort. For instance, if an MHD patient attended all 39
thrice-weekly hemodialysis treatment sessions over 13 weeks, all 39 pre-hemodialysis
systolic BP (SBP) values were added and divided by 39 to obtain the averaged pre-
hemodialysis SBP value for that calendar quarter of the given patient. BP values of <5
mmHg or >300 mmHg were deemed implausible and excluded from analyses. For
sporadically missing values, we used the last-value-carried-forward approach. Patients were
classified in BP groups according to their averaged BP values at the last quarter in the
cohort. We divided the quarterly averaged pre- and post-hemodialysis BP values into 4 a
priori selected categories of SBP (<120 mmHg, 120 to 139 mmHg 140 to 159 mmHg and
≥160 mmHg) and diatolic BP (DBP) (<60 mmHg, 60 to 69 mmHg, 70 to 79 mmHg and ≥80
mmHg). The exact number of patients, which was used in different analyzis, was presented
in the Figures.

Cohort Time, Dialysis Vintage, and Death
Cohort time included the number of days patients participated in the cohort and ranged
between 1 and 1,830 days. Dialysis vintage was defined as the duration of time between the
first day of dialysis treatment and the first day that patients entered the cohort. Any patient
with cohort time <90 days was excluded from analyses.

Laboratory Data
Most of the blood samples were drawn pre-dialysis with the exception of post-dialysis serum
urea nitrogen to calculate urea kinetics. Blood samples were drawn using uniform
techniques in all dialysis clinics across the country and were transported to the Central
DaVita Laboratory in Deland, FL, usually within 24 hours. All laboratory values were
measured via automated and standardized methods in DaVita Laboratory. Most laboratory
values, including complete blood cell counts and serum levels of urea nitrogen, albumin,
creatinine, iron and total iron-binding capacity (TIBC), were measured monthly. Serum
ferritin was measured quarterly. Hemoglobin was measured weekly to bi-weekly in most
patients. Another laboratory sample were taken monthly or weekly according to dialysis unit
protocol. The values were averaged for each patient to calculate the value at each quarter
including the baseline quarter. In Table 1 we have the mean values for each of the
measurement for the each of BP category. Kt/V to reflect dialysis dose and normalized
protein nitrogen appearance (nPNA), an estimation of daily protein intake, were measured
monthly according to Daugirdas et al.[34] Eight laboratory variables (serum albumin
associated with inflammation; nPCR, a marker of daily protein intake; serum TIBC (total
Iron binding capacity), associated with global assessment of nutrition; serum ferritin, a
possible marker of inflammation; serum creatinine, a marker of muscle mass; peripheral
WBC (White Blood Cell) count that correlates with serum C-reactive protein, which predict
infection and inflammation; percent of lymphocytes in WBC, a nutritional marker; blood
hemoglobin level) were selected to indicate nutritional status and presence of inflammation,
together also known as malnutrition-inflammation complex syndrome (MICS).[35]
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Statistical Methods
Since the dialysis population is a dynamic cohort with a high turnover rate, a nonconcurrent
cohort was formed to include all existing MHD patients of the first quarter (q1) and all new
MHD patients of the subsequent quarters (q2 through q20). A baseline value was created for
each measure by left-truncating the first available 13-week averaged value of the entry
calendar quarter for each patient.

In addition to standard descriptive baseline statistics, time-dependent Cox regression for
truncated and censored data was used to determine whether the 5-year survival was
associated with time-varying BP. The reference category for all analyses was 140 to 159
mmHg for systolic BP and 70 to 79 mmHg for diastolic BP. These ranges were chosen as
references because they were the modal categories (or adjacent to them with similar sample
size). Five race/ethnic groups were generated: (1) whites (including non-Hispanic whites
and Middle Easterners), (2) African Americans (including blacks and other Africans), (3)
Asians (including Pacific Islanders), (4) Hispanics, and (5) others. For each analysis, 3
models were built based on the level of multivariate adjustment. (1) Unadjusted model
included time-dependent BP categories and mortality data as well as the entry quarter
indicators because of the nonconcurrent nature of the constructed cohort, (2) Case-mix–and
dialysis dose–adjusted models also included age, gender, race-ethnicity, diabetes mellitus,
vintage categories, primary insurance (Medicare, Medicaid, private, and others), marital
status (married, single, divorced, widowed, and others), residual renal function during the
last quarter (Kru), and the Kt/V (single pool) during the last quarter and (3) Case-mix– and
MICS-adjusted models included all the above-mentioned covariates as well as 9 indicators
of nutritional status and inflammation.[36] All descriptive and multivariate statistics were
performed using SAS, version 9.2 (SAS Institute, Cary, NC).

Results
The original 60-month national database of all MHD patients included 161,144 subjects.
After implementing the above-mentioned selection and merging criteria, the resulting cohort
included 143,215 MHD patients, of whom 35,081 originated from the q1 data set and the
rest from q2 through q20. Out of these, 68,664 MHD patients had at least one 3-month–
averaged measure of BP and included 1,579 patients with PKD and 67,085 without PKD.
The mean (± standard deviation [SD]) of age in non-PKD hemodialysis patients was 62±16
years; 44% of the patients were women, and 47% had diabetes. PKD patients were younger
(58±13 years vs. 62±16 years; p<0.0001) and the proportion of diabetes (9% vs. 47%;
p<0.0001) was lower among them. Serum albumin (3.89±0.40 g/dl vs. 3.60±0.51 g/dl;
p<0.0001) and blood hemoglobin levels (12.4±1.40 g/dl vs. 12.1±1.5 g/dl; p<0.0001) were
higher in PKD than non-PKD patients. Table 1 shows baseline demographic, clinical, and
laboratory characteristics of the studied subjects. In the non-PKD population increasing SBP
associated with younger age, higher proportion of women, longer time on dialysis and
higher BMI (Table 1). In our dataset of the patients with measured blood pressure we have
12%/death rate in the total population; 6.4%/year in PKD and 12.3%/year in non-PKD
patients, which was similar that reported in USRDS[1].

Table 2 and Figures 1 A through D show pooled analyses comparing mortality predictability
of each BP category in PKD vs. non-PKD patients. In each analysis, the reference group
consists of non-PKD hemodialysis patients (reference: 140-<160 mmHg and 70-<80
mmHg). The fully adjusted death hazard ratios (95% of confidence interval (CI)) for pre-
and post-hemodialysis SBP of 140-<160 mmHg in PKD patients were 0.63 (0.50-0.78) and
0.65 (0.51-0.82), respectively. Similarly, the fully adjusted death hazard ratios (95%CI) for
pre- and post-hemodialysis DBP of 70-<80 mmHg in PKD patients were 0.77 (0.62-0.97)
and 0.77 (0.61-0.96), respectively.
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Tables 3 and 4 and Figures 2 and 3 show the hazard ratios of all-cause death for pre- and
post-hemodialysis systolic and diastolic BP categories based on time-dependent Cox
regression models in non-PKD and PKD patients, respectively. In both non-PKD and PKD
populations, pre- and post-hemodialysis SBP displayed a reverse J-shaped association with
mortality, especially for post-hemodialysis SBP values, in that normal to low (<120 mmHg)
and high SBP (>160 mmHg) tended to be associated with higher mortality risk. The pre- &
post-hemodialysis DBP values tended to exhibit a slightly more linear and inverse
association with mortality, in that the highest DBP values (>80 mmHg) showed the greatest
survival, whereas the lowest DBP values (<60 mmHg) tended to be associated with the
highest death risk. The fully adjusted death hazard ratios (95% of CI) for pre- and post-
hemodialysis SBP of <120 (reference: 140-<160 mmHg) in PKD patients were 1.30
(1.06-1.92) and 1.45 (1.04-2.02), respectively, and for pre-hemodialysis DBP of >=80
(reference: 70-<80 mmHg) was 0.68 (0.49-0.93).

Discussion
In our present prospective cohort study we found that lower pre- and post-hemodialysis SBP
was associated with increased mortality in PKD and non-PKD patients contrary to our
original hypothesis. The altered risk factor patterns for BP are thus present in both PKD and
non-PKD patients. Extrapolation of the general population BP targets to dialysis patients
may not be appropriate, irrespective of their PKD status.

Contrary to the general population where high BP is associated with a linear increase in
cardiovascular mortality risk,[3] multiple studies in MHD reported either U or J shaped risk
curves associated with BP.[9-12, 17-20] Our present study confirms these altered risk factor
patterns in the overall MHD population, which remained present in spite of extensive
adjustment for various comorbid conditions and laboratory parameters. Since the altered risk
relationship between BP and mortality may be due to underlying patient characteristics we
expected that a group of MHD patients with a relatively low comorbidity burden and better
overall mortality rate may display an association between BP and mortality that resembles
the one seen in the general population. While the association between BP and mortality in
our PKD population showed subtle differences compared to the overall MHD population,
the relationship nevertheless remained a “reverse” one, with patients in the lowest SBP
category displaying the highest mortality rates. We found no associations between higher
SBP and mortality in the PKD group, but patients in the highest DBP category experienced
significantly lower mortality rates. Chang et al. also failed to show association between
higher SBP and higher mortality after improved accounting for comorbid conditions in
prevalent hemodialysis patients.[37]

Another finding in our study was the different risks associated with similar pre- and post-
dialysis blood pressures: while both lower pre- and post-dialysis BP levels were associated
with higher mortality, higher BP levels only showed an association with increased mortality
for post-dialysis (but not pre-dialysis) measurements. To our knowledge no study has been
published reporting different associations for mortality between pre- and post-dialysis BP.
Some recent papers have found similar risk-relationships to ours,[9-12, 17-20] but others
showed that high SBP increased the risk of all-cause mortality,[4-6] similarly to what was
found in the general population.[3] A potential explanation for the different results can be
that our sample is larger and has a different case mix compared to previous ones.[4, 6] Due
to the marked differences in the observed risk factor pattern for BP, the various
discrepancies between observational studies and the lack of properly powered clinical trials
the optimal blood pressure level in MHD patients remains unclear. A recent Cochrane
Systemic Review did not confirm that lower blood pressure (<135/85 mmHg) has a more
positive effect on mortality than standard BP targets (</= 140-160/ 90-100 mmHg),[38] and
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our data suggest that in the overall MHD population the ideal BP may be 140-159/70-79
mmHg after dialysis and higher than 140/70 mmHg before dialysis.

There are some potential explanations as to why low BP is associated with elevated
mortality risk in MHD patients. Hypotension may signal the presence of subclinically
significant risk factors or comorbidities such as heart failure or ischemic cardiomyopathy.
[13] However, even if we assume that the inverse association between BP and mortality in
MHD patients is attributable to the concomitant presence of CHF in these patients, the
similar inverse associations between BP and outcomes described in CHF populations
suggest the presence of alternative mechanisms of action.[39] Normal-to-low predialysis BP
may increase the risk of ischemic injury during ultrafiltration leading to increased mortality
in MHD patients,[40] but this would also not explain why lower BP levels are associated
with higher mortality in other patient populations such as those with CHF or with non-
dialysis dependent CKD.[39, 41, 42] A unifying explanation could be overall end-organ
hypoperfusion caused by low BP irrespective of ultrafiltration, which is also supported by
the association of low post-dialysis BP with mortality.

Since most of the MHD patients die within 5 years of commencing dialysis treatment, the
long-term effects of conventional CV risk factors on mortality may be replaced by the short-
term effects of these or other risk factors, such as undernutrition and inflammation, together
known as malnutrition-inflammation complex syndrome (MICS) or Protein-Energy Wasting
(PEW).[43] Since the mechanism of action whereby hypertension exerts its deleterious
cardiovascular effects may require a long time to induce their consequences it is possible
that patients with higher degrees of comorbidity such as those on MHD expire before such
long term effects become apparent, thus leading to an overall lack of, or a more subdued
association between higher BP and mortality.

There are some potential explanations as to why low BP was also associated with mortality
in PKD patients in spite of the overall lower mortality and the lower degree of comorbidity
seen in these patients. In PKD patients with low BP the proportion of patients with CHF was
significantly higher compared to those with higher BP (Table 1). The inverse association
between BP and mortality in PKD patients could thus be attributable to the coexistence of
CHF in these patients. Additionally, in PKD patients a low or normal BP may also be
associated with impaired exercise-induced vasodilatation,[44] which could contribute to an
unsatisfactory perfusion of coronary arteries resulting in cardiovascular events.

Strengths of our study are its prospective design, the high number of patients and the
extensive adjustment for covariates.Our study, however, needs to be qualified for several
potential limitations. The study design does not allow for causal inferences. Our study
lacked data on potentially pertinent variables such as detailed cardiovascular comorbidities,
heart rate and medication use, hence residual confounding is possible. The relatively low
number of PKD patients may have limited our ability to detect differences of lesser
magnitude, but was large enough to allow the detection of meaningful associations. We did
not have information about antihypertensive agents and, hence, could not account for their
effects on survival independent of blood pressure lowering. Another limitation is our study
is the high rate of missing laboratory values, which might have had a significant impact on
our results.

Perspectives
Among hemodialysis patients, those with PKD display a similar BP paradox as their
counterparts without PKD. Extrapolation of general population BP targets may not be
appropriate for dialysis patients, whether or not they suffer from PKD or not. There are
subtle differences in the association between BP and mortality in PKD and non-PKD
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patients, suggesting that therapeutic regimens should be individualized, but clinical trials are
needed to clarify what optimal BP targets should be in different MHD patient subgroups.
The results of epidemiologic studies such as ours could be utilized when developing such
trials in order to target patient populations who could best benefit from new treatment
paradigms.
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Figure 1.
A.: Comparing mortality-predictability of time-dependent Pre-Dialysis Systolic Blood
Pressure in PKD vs. non-PKD hemodialysis patient in fully (case-mix and MICS) adjusted
models
B.: Comparing mortality-predictability of time-dependent Pre-Dialysis Diastolic Blood
Pressure in PKD vs. non-PKD hemodialysis patient in fully (case-mix and MICS) adjusted
models
C.: Comparing mortality-predictability of time-dependent Post-Dialysis Systolic Blood
Pressure in PKD vs. non-PKD hemodialysis patient in fully (case-mix and MICS) adjusted
models
D.: Comparing mortality-predictability of time-dependent Post-Dialysis Diastolic Blood
Pressure in PKD vs. non-PKD hemodialysis patient in fully (case-mix and MICS) adjusted
models
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Figure 2.
A.: Association between time-dependent Pre-Dialysis Systolic Blood Pressure and five-year
all-cause mortality in MHD patients without PKD
B: Association between time-dependent Pre-Dialysis Diastolic Blood Pressure and five-year
all-cause mortality in MHD patients without PKD.
C.: Association between time-dependent Post-Dialysis Systolic Blood Pressure and five-
year all-cause mortality in MHD patients without PKD.
D: Association between time-dependent Post-Dialysis Diastolic Blood Pressure and five-
year all-cause mortality in MHD patients without PKD
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Figure 3.
A.: Association between time-dependent Pre-Dialysis Systolic Blood Pressure and five-year
all-cause mortality in MHD patients with PKD.
B.: Association between time-dependent Pre-Dialysis Diastolic Blood Pressure and five-
year all-cause mortality in MHD patients with PKD.
C.: Association between time-dependent Post-Dialysis Systolic Blood Pressure and five-
year all-cause mortality in MHD patients with PKD.
D.: Association between time-dependent Post-Dialysis Diastolic Blood Pressure and five-
year all-cause mortality in MHD patients with PKD.
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