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Dialysis water treated by reverse
osmosis decreases the levels of
C-reactive protein in uremic patients
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Abstract

Atherosclerosis is a major complication of chronic renal failure.
Microinflammation is involved in atherogenesis and is associated
with uremia and dialysis. The role of dialysate water contamination
in inducing inflammation has been debated. Our aim was to study
inflammatory markers in patients on chronic dialysis, before and 3
to 6 months after switching the water purification system from
deionization to reverse osmosis. Patients had demographic, clini-
cal and nutritional information collected and blood drawn for deter-
mination of albumin, ferritin, C-reactive protein (CRP), interleukin-
6, and tumor necrosis factor-α in both situations. Acceptable
levels of water purity were less than 200 colony-forming units of
bacteria and less than 1 ng/ml of endotoxin. Sixteen patients died.
They had higher median CRP (26.6 vs 11.2 mg/dl, P = 0.007) and
lower median albumin levels (3.1 vs 3.9 g/l, P < 0.05) compared to the
31 survivors. Eight patients were excluded because of obvious
inflammatory conditions. From the 23 remaining patients (mean age
± SD: 51.3 ± 13.9 years), 18 had a decrease in CRP after the water
treatment system was changed. Overall, median CRP was lower
with reverse osmosis than with deionization (13.2 vs 4.5 mg/l, P =
0.022, N = 23). There was no difference in albumin, cytokines,
subjective global evaluation, or clinical and biochemical param-
eters. In conclusion, uremic patients presented a clinically signifi-
cant reduction in CRP levels when dialysate water purification
system switched from deionization to reverse osmosis. It is pos-
sible that better water treatments induce less inflammation and
eventually less atherosclerosis in hemodialysis patients.
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Introduction

Accelerated atherosclerosis in uremic
patients on dialysis has been recognized for
many years (1) and, despite advances in renal
replacement therapies, it remains an impor-

tant cause of elevated morbidity and mortal-
ity (2,3). This is only partially explained by
traditional risk factors of vascular disease
such as dyslipidemia and hypertension, among
others. Factors like hyperhomocystinemia,
oxidative stress and a microinflammatory
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state have been more recently recognized
(4,5), and chronic renal insufficiency has
been shown to be an independent risk factor
associated with atherosclerosis (6). A step
forward in understanding this problem was
the recognition of the relationship between
malnutrition, chronic inflammation and ath-
erosclerosis, the so-called MIA syndrome
(7,8). In fact, there are several reasons to
explain a persistent microinflammatory state
in uremic patients, including the extracorpo-
real circulation using bioincompatible for-
eign materials, contact of blood with endo-
toxins from the dialysate water, frequent
infections, and probably the uremic state
itself. This condition may be recognized by
induction of cytokines and elevation of acute
phase reaction proteins like C-reactive pro-
tein (CRP) (9). This protein has been consis-
tently associated with cardiovascular mor-
tality in dialysis patients and is considered to
be the best marker of inflammation in uremic
subjects (10-13).

In Brazil, water used in hemodialysis is
purified basically by two methods, i.e., deion-
ization and reverse osmosis (14). The aim of
the present study was to prospectively evalu-
ate the inflammatory activity of uremic pa-
tients on hemodialysis in a unit where the
water purification system was changed from
deionization to reverse osmosis.

Patients and Methods

A hemodialysis unit of a general tertiary
care hospital in Porto Alegre, RS, Brazil, was
prospectively studied as it changed its dialy-
sis water purification system. Water was
collected from two points in the distribution
loop, one just before the last dialysis equip-
ment and another randomly selected and also
from the filter reprocessing bench, monthly
for 3 months before the change of the deion-
ization system and for 4 months after the
implementation of the reverse osmosis sys-
tem. Standard cultures for heterotrophic
bacteria and coliforms were performed.

Detection of endotoxin and semi-quantitative
analysis were performed by the Limulus
amebocyte lysate test (15). Deionization in-
cluded a sand column, an activated charcoal
column, and two resin columns, an anionic
one and a cationic one (Permution System,
Curitiba, PR, Brazil). A micropore filter was
included before the distribution circuit and
was changed weekly. This equipment al-
lowed a water quality consistently in accor-
dance with the Brazilian regulations for he-
modialysis, i.e., less than 200 colony-form-
ing units (CFU) and less than 1.0 ng/ml
endotoxin. The new replacement system
included a sand column, an activated char-
coal column, a softener and a reverse osmo-
sis system (Osmonics, Minnetonka, MN,
USA).

Forty-seven patients on regular hemodi-
alysis for at least 3 months, all dialyzed with
a cellulose tri-acetate membrane, represent-
ing 94% of the total patients of the unit, were
studied before the water system change.
Eight patients were excluded because of
obvious inflammatory activity either at the
initial or at the final evaluation. Reasons for
exclusion were having a central venous cath-
eter, urinary tract infections, respiratory in-
fections, infected skin ulcers, and colecystitis.
Sixteen patients eventually died for several
reasons and were also excluded. Three to 6
months after the change in the purification
system, 23 patients were reevaluated. De-
mographic, clinical and laboratory data and
the water parameters were recorded on both
occasions. Nutritional evaluation was also
performed using subjective global assess-
ment (SGA) (16-18). Blood was collected
from each patient before a hemodialysis
session for serum albumin, CRP, interleukin-
6 (IL-6), and tumor necrosis factor-alpha
(TNF-α) determination. High sensitivity CRP
was determined by nephelometry and the
cytokines were determined by ELISA (R&D
Systems, Inc., Minneapolis, MN, USA).

Results are reported as means ± SD or
medians and range. Changes in parameters
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were compared by a paired t-test for normal
distribution variables or by the Wilcoxon test
for CRP and cytokines. Comparisons of
independent parameters in the initial or the
final evaluation were analyzed by an unpaired
t-test or by the Mann-Whitney test. Pearson’s
correlation coefficient was used to analyze
the association between variables. The level
of significance was set at P < 0.05 for all
analyses.

Results

Twenty water samples were analyzed,
nine treated by deionization and eleven by
reverse osmosis (one sample was lost). All
results were within the limits determined by
Brazilian regulations and the Association for
the Advancement of Medical Instrumenta-
tion standards. Bacteriologic investigation
showed 4 samples of deionized water with
less than 1 CFU/ml and 5 with 10 to 185 CFU/
ml, while 8 samples of the water treated with
reverse osmosis had less than 1 CFU/ml and
three had 6 to 120 CFU/ml. The levels of
endotoxin were less than 0.03 ng/ml in 5
samples of deionized water, and 0.03 to 1.0
ng/ml in 4 samples, while all 11 samples of
water treated with reverse osmosis had less
than 0.03 ng/ml.

Forty-seven patients were initially evalu-
ated. There were 30 men (64%), mean age
was 58.7 ± 15.8 years, 33% were diabetic
and 77% were hypertensive. Sixteen patients
died during the initial part of the study. When
compared to the survivors, they had higher
CRP levels (26.6 vs 11.2 mg/l, P = 0.007) and
lower albumin levels (3.1 ± 0.6 vs 3.9 ± 0.3
g/l, P < 0.05).

Twenty-three patients had no obvious
inflammatory conditions and were compa-
rable before and after the change in the water
purification system. Clinical information re-
garding these patients is shown in Table 1.
There were 16 men (70%) (mean age: 51.3
± 13.9 years), 26% had diabetes mellitus and
74% high blood pressure. They had been on

dialysis for 45.3 ± 38.4 months.
Results are presented in Table 2. There

was no difference in SGA, albumin, cyto-
kines, or other biochemical data related to
dialysis adequacy. Median CRP was signifi-
cantly lower after the change (13.2 vs 4.5
mg/l, P = 0.022). Eighteen of the 23 patients
had a reduction in CRP levels. Of the 18

Table 2. Inflammatory activity in patients on hemodialysis with deionized water and
after a change to reverse osmosis.

Parameter Deionized water Reverse osmosis water

C-reactive protein (mg/l) 13.7 ± 9.6 (13.2) 9.6 ± 12.1 (4.5)*
Interleukin-6 (pg/ml) 4.8 ± 5.9 (3.4) 4.6 ± 7.3 (1.9)
Tumor necrosis factor-α (pg/ml) 11.2 ± 0.9 (10.3) 11.1 ± 0.9 (10.1)
Albumin (g/l) 3.6 ± 0.6 3.9 ± 0.3
Ferritin (ng/ml) 460.2 ± 420.9 531.1 ± 261.7
Kt/V 1.17 ± 0.4 1.2 ± 0.4
SGA (range 7-35) 11.9 ± 4.1 (11.0) 10.5 ± 3.9 (10.1)

Data are reported as means ± SD (median in parentheses). Kt/V = fractional
clearance of urea (amount of plasma cleared of urea divided by the urea distribution
volume); SGA = subjective global assessment.
*P = 0.022 compared to deionized water (Wilcoxon test).

Table 1. Characteristics of patients evaluated
before and after the change from deionization
to reverse osmosis for the purification of dialysis
water.

Parameter Number of patients
(%)

Number 23
Males 16 (70%)
Diabetics 6 (26%)
Hypertensives 17 (74%)
Current or past smokers 4 (18%)
African origin 6 (26%)
Ischemic cardiopathy 3 (13%)
Chronic pulmonary disease 3 (13%)
Peripheral vascular disease 5 (22%)
Cerebrovascular disease 1 (4%)
Anti-HCV positive 6 (26%)
Peptic disease 2 (9%)
BMI >25 kg/m2 10 (43%)
BMI <20 kg/m2 0 (0%)
Light/moderate malnutrition 5 (22%)
Severe malnutrition 1 (4%)

Data are reported as number of patients with
percent in parentheses. Anti-HCV = antibodies
to hepatitis C virus; BMI = body mass index.
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patients with an initial CRP higher than 6 mg/
l, 9 (50%) had CRP <6 mg/l in the final
measurement. Figure 1 shows the variation
in CRP levels before and after the change of
the water treatment system. In a regression
model, the final levels of CRP were nega-
tively associated with the final levels of
albumin (correlation coefficient, -0.357, P =
0.007) and positively associated with the
initial levels of CRP (correlation coefficient,
0.673, P < 0.001).

There was a positive correlation between
CRP and ferritin (Pearson’s correlation co-
efficient = 0.382, P = 0.008), but not be-
tween CRP or ferritin and albumin. Patients
excluded because of obvious inflammatory
conditions (N = 8) had higher IL-6 levels than
those who did not present clinical conditions
or events associated with inflammation (11.3
± 12.4 vs 4.8 ± 5.9 pg/ml, P = 0.054).
Patients excluded because of central venous
catheters (N = 6) had higher CRP levels than
those with an arteriovenous fistula (N = 41;
50.0 ± 42.4 vs 18.8 ± 18.5 mg/l, P = 0.056).
On the other hand, current (N = 6) or past
smokers (N = 19) had higher CRP levels than
those who never smoked (N = 22; 37.1 vs

18.9 mg/l, P < 0.05). There was no differ-
ence in CRP, IL-6 or TNF-α relative to
gender, age, anti-HCV antibody state, diabe-
tes, race, basic renal disease, hypertension,
or nutritional status determined by SGA.

Discussion

The present study confirms previous
observations that uremic patients on hemodi-
alysis have increased inflammatory activity
defined by increased CRP or cytokines (IL-
6, TNF-α) (19-23). Our unselected patient
population presented high morbidity com-
patible with the situation observed in a gen-
eral hospital. Accordingly, there was a ten-
dency towards referring the sickest and
oldest patients to our hemodialysis unit, as
opposed to units from other affiliated hospi-
tals, a fact that could explain the higher than
average mortality rate. Patients with obvious
clinical inflammation or with temporary vas-
cular catheters presented high CRP levels,
demonstrating that uremic patients may show
persistent inflammatory activity for multiple
reasons. Although this was not a cohort
study aiming to evaluate prognostic factors,
the finding of increased CRP in patients who
eventually died supports previous studies
that demonstrated the prognostic power of
inflammation markers (24,25). Neverthe-
less, the albumin levels or nutritional evalua-
tion of patients with higher inflammatory
activity did not differ from those observed in
the others. This is possibly too gross an
evaluation for such a small number of pa-
tients to reveal an association. However,
serum ferritin was clearly correlated with
CRP. Smokers presented elevated CRP lev-
els, and it has been demonstrated that both
smoking and inflammation are related to
increased oxidative stress (26).

Our main result shows a fall in median
CRP from 13.2 to 4.5 mg/l (P < 0.05). In
agreement with previous studies, this sug-
gests that hemodialysis water, even with
acceptable levels of bacterial contamination,

Figure 1. C-reactive protein (CRP) levels in patients (N = 23) submitted to dialysis with
deionized water and then switched to dialysis with reverse osmosis-treated water. The
thick lines show the medians: 13.2 vs 4.5 mg/l, P = 0.022; Wilcoxon test. Boxes indicate
quartiles, and thin lines show ranges.
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is capable of inducing inflammatory activity
(27,28), although this subject is still being
debated (29,30). Schiffl and colleagues (31)
demonstrated that the use of ultrapure water
leads to the improvement of inflammatory
and nutritional parameters. In their study, the
nutritional benefit to patients just starting
dialysis was evident when they were submit-
ted to various anthropometric measurements.
Our patients showed a significant reduction
in CRP after a few months of treatment with
reverse osmosis-purified water. This water
could not be considered ultrapure because
three samples had more than 1 CFU/ml, but
seemed much purer than the previous deion-
ized water. It is important to notice that both
deionization and reverse osmosis were effi-
cient in producing water compatible with
Brazilian and international standards. Today,
about 10% of the hemodialysis units in Brazil
do not use reverse osmosis for water purifi-
cation (14). Inadequate water treatment may
lead to complications such as pyrogen reac-
tion outbreaks and fatal contamination with
cyanobacteria (32).

We did not observe changes in IL-6 or
TNF-α levels, probably because these cyto-
kines tend to show a brief elevation after
induction by an inflammatory stimulus, while
CRP better represents a chronic inflamma-
tory state (13). In addition, TNF-α levels
were not very high even in the patients with
other signs of inflammation, as also reported

by others (33,34). It is interesting to note that
CRP levels after the change of the water
purification system correlated closely with
the previous CRP levels, suggesting that the
patients present a pattern of inflammatory
activity dependent on other factors. This fact
has been emphasized before, making this
protein useful as a prognostic tool, even after
single isolated measurements (24,25,35,36),
despite a high intra-individual variation (37).

In conclusion, in a natural experiment
based on the change of the water purification
system in a hemodialysis unit treating unse-
lected patients, we demonstrated that: a)
patients who eventually died had higher in-
flammatory activity than the survivors; b)
the survivors, without obvious clinical in-
flammation, when dialyzing with another
water purification system, apparently with
lower levels of endotoxin, presented a sig-
nificant and clinically relevant reduction of
CRP levels. This occurred even though both
water treatments presented acceptable levels
of bacterial contamination and endotoxin.
Although several causes contribute to the
chronic microinflammatory state of uremic
patients on dialysis, a small contamination of
dialysate water with bacterial endotoxin may
be an important factor to be considered,
specially in developing countries, where cost
restrictions may lead to the use of less
efficient water purification systems.
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