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Abstract

Background: Uremic pruritus is a common and intractable symptom in patients on chronic hemodialysis, but factors
associated with the severity of pruritus remain unclear. This study aimed to explore the associations of metabolic factors
and dialysis adequacy with the aggravation of pruritus.

Methods: We conducted a 5-year prospective cohort study on patients with maintenance hemodialysis. A visual analogue
scale (VAS) was used to assess the intensity of pruritus. Patient demographic and clinical characteristics, laboratory
parameters, dialysis adequacy (assessed by Kt/V), and pruritus intensity were recorded at baseline and follow-up. Change
score analysis of the difference score of VAS between baseline and follow-up was performed using multiple linear regression
models. The optimal threshold of Kt/V, which is associated with the aggravation of uremic pruritus, was determined by
generalized additive models and receiver operating characteristic analysis.

Results: A total of 111 patients completed the study. Linear regression analysis showed that lower Kt/V and use of low-flux
dialyzer were significantly associated with the aggravation of pruritus after adjusting for the baseline pruritus intensity and a
variety of confounding factors. The optimal threshold value of Kt/V for pruritus was 1.5 suggested by both generalized
additive models and receiver operating characteristic analysis.

Conclusions: Hemodialysis with the target of Kt/V =1.5 and use of high-flux dialyzer may reduce the intensity of pruritus in
patients on chronic hemodialysis. Further clinical trials are required to determine the optimal dialysis dose and regimen for
uremic pruritus.
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Introduction nation may be associated with uremic pruritus [5-13]. However,

) ) ) ) ) there has not been a consensus reached among those studies, and
Uremic pruritus is a common and intractable symptom in

patients on chronic hemodialysis [1,2]. It causes serious discomfort
and skin damage, negatively affects the quality of life, and may be
associated with sleep disturbance, inflammation, and higher

uremic pruritus remains poorly characterized. Because of insuffi-
cient understanding for uremic pruritus, current therapeutic
options for uremic pruritus are limited and unsatisfactory [14,15].

Many patients have a prolonged course of uremic pruritus. In
particular, 30-60% of patients on maintenance hemodialysis suffer
from this problem for longer than one year [1,16]. And while
Mathur described the key features of uremic pruritus and its effect
on health-related quality of life in a longitudinal follow-up study

mortality [3,4]. The pathophysiology of uremic pruritus is
complex. Previous studies have shown that xerosis, divalent ions,
calcium-phosphate product, C-reactive protein, hepatitis, hyper-
parathyroidism, immune derangement, and opioid system alter-
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[1], the relationships between the intensity of uremic pruritus and
biochemical parameters were not investigated. In fact, the intensity
of uremic pruritus may vary significantly throughout the course of
chronic kidney disease, but factors associated with the severity of
pruritus remain unclear due to the lack of relevant longitudinal
follow-up studies.

To address this issue, we conducted a prospective 5-year cohort
study on hemodialysis patients to identify predictors for the
aggravation of pruritus intensity. The relationship of pruritus
intensity with metabolic profiles as well as dialysis adequacy was
assessed by using change score analysis to consider the individual
change in covariates during a longitudinal follow-up.

Materials and Methods

Study Participants

A prospective cohort study of patients with maintenance
hemodialysis in the hemodialysis center of the Far Eastern
Memorial Hospital had been conducted from February 2007 to
July 2011. At the start of this period, a total of 374 patients were
receiving maintenance hemodialysis, but excluded from this study
were patients with (i) active infection, (ii) recent hospitalization
within three months, (iii) psychotic illness or other communication
problems, (iv) primary skin disorders, (v) cholestatic liver disease or
acute hepatitis, or (vi) active malignancy. Finally, 321 patients (age:
60*12 years; 162 females and 159 males) were thus recruited in
February 2007 [9,13]. By the end of follow-up, there were 210
dropouts, including 96 withdrawals, 66 deaths, 3 renal transplan-
tations, and 45 patients transferred to other hemodialysis centers.
A total of 111 patients remained until the follow-up in July 2011
and completed the study. The study participants received 3.5-5.0
hours of hemodialysis three times a week using bicarbonate
dialysate and reverse osmosis purified water, with the target dose
of Kt/V (amount of dialysis delivered: K =clearance of urea,
t = time on dialysis, V = estimated total body water) =1.4 to ensure
the adequacy of solute clearance [17]. In 73% of participants, a
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Figure 1. Histogram and density plot of visual analogue scale
(VAS) scores. (A) Frequency distribution of pruritus VAS scores at
baseline in the study participants. (B) Frequency distribution of pruritus
VAS scores at follow-up in the study participants. The density of vertical
axis represents the percentage of study participants.
doi:10.1371/journal.pone.0071404.g001
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Figure 2. Histogram and density plot of visual analogue scale
(VAS) change scores. Frequency distribution of pruritus VAS change
scores in the study participants. The density of vertical axis represents
the percentage of study participants. The VAS change score =VAS score
at follow-up — VAS score at baseline.
doi:10.1371/journal.pone.0071404.g002

high-flux polysulfone membrane was used as the dialyzer, while
the remaining 27% used a low-flux synthetic membrane dialyzer.

Ethics

This study was approved by the Institutional Review Board of
Far Eastern Memorial Hospital in advance and a written informed
consent was obtained from each participant.

Table 1. Demographic and clinical characteristics of
participants at baseline.
Baseline characteristics Statistics
Patient number (n) m
Gender (female: male) 59 (53.2):52 (46.8)
Age (years) 60.611.7
Dialysis Vintage (years) 85+4.0
Use of high-flux dialyzer 81 (73.0)
Etiology of end stage renal disease (n)
Diabetes mellitus 32 (28.8)
Glomerulonephritis 47 (42.3)
Hypertension 14 (12.6)
Obstructive uropathy 2(1.8)
Tuberculosis 1(0.9)
Others 15 (13.5)
Treatment for pruritus
Systemic treatment 24 (21.6)
Topical medication 28 (25.2)
Body cream 25 (22.5)
NOTE. Data are expressed as mean *= S.D. or number (percentage).
doi:10.1371/journal.pone.0071404.t001
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Table 2. Laboratory and clinical characteristics of participants
at baseline and follow-up.

Variable Baseline Follow-up P Value
Participant number (n) 111 111

VAS score of pruritus 2.0 (5.0) 0.0 (1.2) <0.001*
intensity

White blood cells (K/pL) 6.85+1.78 6.40+1.83 0.02*
Hematocrit (%) 33.0%43 34.5*4.0 <0.01*
Creatinine (mg/dL) 11.0+2.1 11.0+2.1 0.90
Uric acid (mg/dL) 7.6 (2.3) 7.5 (2.1) 0.85
Kt/V 1.59£0.23 1.57£0.19 0.33
Albumin (g/dL) 4.2 (0.4) 4.1 (0.3) <0.01*
Fasting glucose (mg/dL) 97.0 (64) 102.0 (62) 0.33
Total cholesterol (mg/dL) 176.8+44.0 183.0+45.4 0.053
Triglyceride (mg/dL) 147.0 (158.0) 122.0 (121.0) 0.11
Aspartate transaminase (U/L) 17.0 (10.0) 16.0 (10.0) 1.00
Alanine transaminase (U/L) 14.0 (10.0) 12.0 (9.0) 0.07
Alkaline phosphatase (U/L) 74.0 (38.0) 81.0 (54.0) 0.02*
Total bilirubin (mg/dL) 0.3 (0.2) 0.3 (0.2) 0.34
Ferritin (ng/mL) 511.7 (267.0) 543.1 (250.7) 0.63
Calcium, albumin adjusted 9.1 (0.8) 9.4 (1.0) <0.01*
(mg/dL)

Phosphorus (mg/dL) 5.0 (1.8) 5.1(1.3) 0.57
CaxP** (mg/dLxmg/dL) 45.6 (17.1) 48.6 (13.8) 0.57
Intact parathyroid hormone 249.0 (320.0)  334.0 (456.00 0.29
(pg/mL)

C-reactive protein (mg/L) 0.25 (0.62) 0.28 (0.50) 0.21
Diabetes Mellitus 32 (28.8) 32 (28.8) 1.00
Hepatitis B 20 (18.0) 20 (18.0) 1.00
Hepatitis C 10 (9.0) 12 (10.8) 0.16
NOTE. Data are expressed as mean * S.D for normally distributed continuous
variables; as median (interquartile range) for non-normally distributed
continuous variables; and as number (percentage) for categorical variables.
Abbreviations: VAS, visual analog scale.

*P<0.05 for the statistical testing between baseline and follow-up.
**CaxP =Product of albumin-adjusted serum calcium (Ca) and serum
phosphorus (P).

doi:10.1371/journal.pone.0071404.t002

Pruritus Assessment

The severity of pruritus measured by the visual analogue scale
(VAS) from 0 to 10 (0 =no pruritus, 10 = intolerable pruritus) was
reported from each participant at baseline and follow-up. The
evaluation of the baseline VAS score for each participant was
completed in February 2007. In July 2011, the participants were
re-evaluated using the VAS score to assess the severity of pruritus.

Patient Characteristics and Laboratory Parameters
Patient demographic and clinical characteristics, including
gender, age, presence of hypertension or diabetes, underlying
renal disease, concurrent medications, as well as the regimens and
vintage of hemodialysis, were recorded. Venous blood was
sampled in the morning, after an overnight fast exceeding 8 hours
before the patient’s mid-week dialysis. All laboratory tests were
performed by the hospital’s central laboratory. Biochemistry data
were determined using a Hitachi 747 auto-analyzer. The Kt/V
and normalized protein catabolic rate (nPCR) were calculated
using a single-compartment model [17,18].The high sensitivity
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C-reactive protein (hs-CRP) levels were assayed by an image
autoanalyzer using the nephelometric method (Beckman Coulter,
Inc., CA, U.S.A). The clinical and laboratory parameters were
recorded for each participant at baseline in February 2007 and at
follow-up in July 2011.

Statistical Analysis

Statistical analysis was performed using the R 2.14.1 software (R
Foundation for Statistical Computing, Vienna, Austria). A two-
sided P value =0.05 was considered statistically significant. The
distributional properties of continuous data were expressed as
mean * standard deviation or median with interquartile range, as
appropriate. The categorical data were presented by frequency
and percentage. As a descriptive analysis, univariate analyses were
performed using a Student’s ¢ test, Wilcoxon signed-rank test,
Mann-Whitney U test, McNemar’s test, or Pearson Chi-square
test, as appropriate.

Each participant’s clinical characteristics, laboratory parame-
ters, and VAS score of pruritus intensity were recorded at baseline
and follow-up. The intra-individual differences (called the change
score) of these variables between baseline and follow-up were
calculated, i.e., the change score of X=X at follow-up — X at
baseline [19]. Causal analysis of individual change using the
change score was performed [19], which allows causal interpre-
tation of relationships between individual characteristics and
patterns of uremic pruritus intensity [20]. In the multivariate
analysis, a change-score analysis was conducted using the linear
regression model to identify the predictors associated with the
change score of VAS [20]. Given the available covariates
including age, gender, comorbid diseases, and blood laboratory
parameters, the regression analysis of change score of VAS
proceeded in two steps: (1) only the baseline covariates, not the
change scores of covariates, were considered in regression analysis;
(2) next, both the baseline and change scores of covariates were
considered in regression analysis.

Generalized additive models (GAMs) are able to detect
nonlinear effects of continuous covariates during the stepwise
variable selection procedure of regression analysis [21]. We used
GAMs to discover the functional form of the potential dose-
response relationship between baseline Kt/V and change score
of VAS after adjusting for the effects of confounding factors.
Computationally, we used the vgam function (with its default
values of smoothing parameters) of the VGAM package [22,23]
and the gam function (with its default values of smoothing
parameters) of the gam package to fit GAMs of VAS change
score [24,25]. Then, the appropriate cut-off point for identifying
the threshold effect was chosen by locating the value at which
the smoothed curve crossed the horizontal line of 1 axis=0 in
the GAM plot. The receiver operating characteristic (ROC)
curve and the Youden index was used to verify the
appropriateness of the chosen cut-off point of baseline Kt/V
for predicting the aggravation of pruritus [26]. Additional linear
regression analysis was also conducted to incorporate this
threshold effect.

To ensure the quality of analysis results, basic model-fitting
techniques for (1) variable selection, (2) goodness-of-fit (GOF)
assessment, and (3) regression diagnostics were used in our
regression analyses. Specifically, the stepwise variable selection
procedure (with iterations between the forward and backward
steps) was applied to obtain the candidate final regression
model. All the relevant covariates, such as the covariates
measured at baseline and the change scores of covariates, were
put on the variable list to be selected, and the significance levels
for entry (SLE) and for stay (SLS) were set to 0.15 or larger to
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be conservative. Then, the best final regression model was
identified manually by reducing the significance levels to 0.05.
The coefficient of determination, K2, was computed to assess the
GOF of the fitted multiple linear regression model. Technically,
the R? statistic (0=R?<1) indicates how much of the response
variability is explained by the covariates included in the fitted
multiple linear regression model, and it equals the square of the
Pearson correlation between the observed and predicted
response values. Finally, the statistical tools for regression
diagnostics such as residual analysis, detection of influential
cases, and check for multicollinearity were used to discover
model or data problems.

Results

Patient Characteristics

A total of 111 patients completed this study, and their
demographic and clinical characteristics are summarized in
Table 1. The mean age of the study participants was 60.6*x11.7
years, with 53% being female and 29% diabetic. The distribution
of VAS scores at baseline and follow-up is shown in Figure 1.
Table 2 shows the laboratory and clinical data of the study
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Table 3. Laboratory and clinical characteristics of participants with improved and unimproved pruritus intensity, at baseline and at
follow-up.

Baseline (2007) Follow-up (2011)

Improved Unimproved Improved Unimproved

pruritus pruritus P value pruritus pruritus P value
Participant number (n) 57 54 57 54
Gender (female : male) 27 (47):30 (53) 32 (59) : 22 (41) 0.21 27 (47):30 (53) 32 (59):22 (41) 0.21
Age (year) 56.0+12.6 57.2+10.6 0.60 60.0£12.6 61.2£10.6 0.60
VAS score of pruritus intensity 5.0 (4.0) 0.0 (0.0) <0.01* 0.0 (0.3) 0.0 (2.6) 0.12
White blood cells (K/uL) 6.79+1.71 6.91+1.86 0.73 6.51+£1.97 6.27+1.67 0.50
Hematocrit (%) 33.5+4.4 325+4.1 0.24 34.1£4.2 34.9+3.7 0.32
Creatinine (mg/dL) 10.9%+2.1 11.1x21 0.58 10.9%2.2 11.2x19 0.49
Uric acid (mg/dL) 74 (2.3) 76 (2.2) 0.86 74 (2.2) 7.8 (2.0) 0.27
Kt/V 1.62+0.23 1.56+0.24 0.18 1.71x0.83 1.54+0.17 0.13
Albumin (g/dL) 4.2 (0.3) 4.2 (0.4) 0.43 4.1 (0.4) 4.1 (0.4) 0.31
Fasting glucose (mg/dL) 89.0 (49.0) 117.0 (72.8) 0.15 102.0 (59.5) 102.5 (66.0) 0.85
Total cholesterol (mg/dL) 179.7+43.2 178.8%45.1 0.49 175.6*42.7 190.8+47.1 0.08
Triglyceride (mg/dL) 139.0 (128.5) 152.5 (190.3) 0.54 107.0 (91.0) 129.5 (188.0) 0.23
Aspartate transaminase (U/L) 18.0 (11.0) 16.0 (11.0) 0.56 16.0 (8.0) 17.0 (12.0) 0.19
Alanine transaminase (U/L) 15.0 (10.0) 13.5 (10.0) 0.42 12.0 (8.0) 12.0 (10.0) 0.92
Alkaline phosphatase (U/L) 75.0 (40.5) 73.5 (37.0) 0.73 81.0 (54.5) 81.5 (54.5) 0.96
Total bilirubin (mg/dL) 0.3 (0.2) 0.3 (0.2) 0.59 0.3 (0.2) 0.3 (0.2) 0.63
Ferritin (ng/mL) 535.0 (392.2) 495.2 (229.8) 0.58 507.8 (274.1) 560.1 (287.6) 0.04*
Calcium, albumin adjusted (mg/dL) 9.0 (0.8) 9.2 (0.8) 0.24 9.3 (0.8) 9.5 (1.1) 0.26
Phosphorus (mg/dL) 47 (1.7) 5.1 (1.6) 0.13 4.8 (1.5) 53 (1.1) 0.04*
CaxP** (mg/dL xmg/dL) 453 (18.3) 47.2 (15.7) 0.09 45.5 (12.3) 50.6 (11.8) 0.02*
Intact parathyroid hormone (pg/mL) 248.0 (290.5) 258.5 (393.0) 0.67 336.0 (440.5) 323.0 (493.1) 0.81
C-reactive protein (mg/L) 0.36 (0.88) 0.18 (0.39) 0.06 0.41 (0.61) 0.21 (0.28) 0.14
NOTE. Data are expressed as mean = S.D for normally distributed continuous variables; as median (interquartile range) for non-normally distributed continuous
variables; and as number (percentage) for categorical variables.
Abbreviations: VAS, visual analog scale.
*P<0.05 for the statistical testing between participants with improved pruritus and those with unimproved pruritus.
**CaxP =Product of aloumin-adjusted serum calcium (Ca) and serum phosphorus (P).
doi:10.1371/journal.pone.0071404.t003

participants collected at baseline and at the end of the follow-up.
Compared with the laboratory parameters measured at baseline,
the blood levels of hematocrit, calcium, and alkaline phosphatase
were higher, while the blood levels of leukocyte count and albumin
were lower at follow-up (Table 2). Compared with the pruritus
intensity at baseline, 17 patients (15.3%) reported aggravated
pruritus, 37 patients (33.3%) reported unchanged pruritus, and 57
patients (51.4%) reported improved pruritus at follow-up. The
distribution of VAS change score between baseline and follow-up
is shown in Figure 2. The baseline VAS scores were not
significantly different (P=0.31) between the participants who
completed the study (2.7%£3.0) and those who dropped out
(3.1x3.1).

Table 3 shows the laboratory and clinical data of the study
participants with improved and unimproved pruritus severity
during the follow-up period. The baseline VAS score was higher in
patients with improved pruritus (4.9%2.6) than those with
unimproved pruritus (0.5+1.2). Patients with improved pruritus
had lower blood levels of phosphorus, ferritin, as well as product of
calcium and phosphorus, than those with unimproved pruritus at
follow-up.
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Factors Associated with Aggravation of Pruritus Intensity
Over Time

As listed in Tables 4, the regression analysis proceeded in two
steps to identify the predictors associated with the aggravation of
pruritus intensity over time. Regression model 1 considered only
the covariates measured at baseline, including gender, age, VAS
score of pruritus intensity, laboratory parameters, Kt/V, as well as
regimens and vintage of hemodialysis (Table 4). We found that
female gender, use of low-flux dialyzer, lower Kt/V at baseline,
lower blood levels of uric acid at baseline, lower baseline VAS
score, and higher blood levels of creatinine and preprandial
glucose at baseline were significantly associated with the aggrava-
tion of pruritus intensity. There was also a borderline positive
association between higher blood level of total bilirubin at baseline
and worsened pruritus (Table 4, model 1). This linear regression
model had a good fit to the data (R*=0.736).

Regression model 2 considered both the covariates measured at
baseline and the change scores of covariates (Table 4). In addition
to higher blood level of aspartate aminotransferase (AST) at
baseline, lower Kt/V at baseline, and higher value in the product
of calcium and phosphate at baseline, we found that higher change
scores of uric acid and AST and a lower change score of fasting
glucose were significantly associated with the aggravation of
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Table 4. Linear regression analysis of predictors associated with the change score of pruritus intensity.
Parameter Standard 95% Confidence

Covariate Estimate Error Interval P Value

Regression Model 1':
Intercept 0.54 2.46 —4.28-—5.37 0.83
Male gender —1.43 0.47 —2.35--0.51 0.003
Kt/V —3.02 0.92 —4.83-—1.21 0.002
Use of high-flux dialyzer —0.86 0.42 —1.68-—0.04 0.04
VAS score of pruritus intensity at baseline —0.85 0.06 —0.97--0.73 <0.001
Hematocrit (%) 0.06 0.05 —0.03-0.16 0.19
Creatinine (mg/dL) 037 0.11 0.15-0.59 0.002
Uric acid (mg/dL) —-0.32 0.14 —0.59--0.05 0.02
Fasting glucose (mg/dL) 0.010 0.003 0.003-0.016 0.004
Total bilirubin (mg/dL) 2.19 131 —0.38-4.75 0.10
CaxP* (mg/dLxmg/dL) 0.01 0.02 —0.02-0.05 0.44

Regression Model 2%
Intercept 0.63 1.50 —2.31-3.58 0.68
Kt/V —1.98 0.76 —3.48--0.48 0.01
VAS score of pruritus intensity at baseline —0.85 0.06 —0.97-—0.73 <0.001
AST (U/L) 0.07 0.02 0.03-0.12 0.002
CaxP* (mg/dL xmg/dL) 0.04 0.02 0.01-0.07 0.01
Change score of uric acid (mg/dL) 0.27 0.12 0.05-0.50 0.02
Change score of fasting glucose (mg/dL) —0.008 0.002 —0.012-—-0.004 <0.001
Change score of AST (U/L) 0.13 0.03 0.07-0.19 <0.001

NOTE. Each participant’s change score of pruritus intensity = follow-up VAS score of pruritus intensity — baseline VAS score of pruritus intensity. Similarly, each

participant’s change score of a covariate =follow-up data of a covariate — baseline data of a covariate.

Abbreviations: AST, aspartate transaminase; VAS, visual analog scale.

*CaxP =Product of albumin-adjusted serum calcium (Ca) and serum phosphorus (P).

"Model considered only the covariates measured at baseline (gender, Kt/V, use of high-flux dialyzer, pruritus intensity, hematocrit, creatinine, uric acid, fasting glucose,

total bilirubin, CaxP). R*=0.736.

2Model considered both the covariates measured at baseline (Kt/V, pruritus intensity, AST, CaxP) and the change scores of the covariates (uric acid, fasting glucose,

AST). R*=0.752.

doi:10.1371/journal.pone.0071404.t004

pruritus (Table 4, model 2). Compared to model 1, this linear
regression model had a better fit to the data (R? = 0.752).

The Threshold of Kt/V

The GAM plots adjusted for baseline covariates with and
without the change scores of covariates both revealed that baseline
Kt/V was negatively and approximately linearly associated with
the change score of VAS (Figure 3). In the absence of evidence to
determine a threshold value in the continuum of Kt/V for uremic
pruritus, we sought an appropriate cut-off value of the baseline
Kt/V associated with the aggravation of pruritus. In both GAM
plots, the functional dose of Kt/V (in red) intersected the zero
VAS score changes (in green) at a value of around 1.5. These
intersections indicate that a baseline Kt/V <1.5 is associated with
the aggravation of pruritus intensity.

To further verify the appropriate threshold of Kt/V, we have
examined various cut-points of Kt/V on the dichotomous
outcomes of whether pruritus improved or not. The receiver
operating characteristic (ROC) curve showed an area under the
curve of 0.587 (95% confidence interval 0.480-0.695). By using
the Youden index, we have identified 1.515 to be the optimal cut-
point of Kt/V, with a sensitivity of 73.7% and specificity of 50%.
This cut-point is nearly the same as we have identified from the
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V by the generalized additive models (GAM) plot. (A) The GAM
plot adjusted for the important covariates at baseline only (gender, Kt/
V, use of high-flux dialyzer, pruritus intensity, hematocrit, creatinine,
uric acid, fasting glucose, total bilirubin, and CaxP).(B) The GAM plot
adjusted for the important covariates at baseline (Kt/V, pruritus
intensity, AST, and CaxP) and the change scores of the covariates (uric
acid, fasting glucose, and AST). The solid red lines show nonlinearity of
multivariable-adjusted relation between baseline Kt/V and change score
of pruritus (with 95% confidence intervals shown in black dotted lines).
Pruritus intensity was assessed by visual analog scale scores. The little
vertical bars (i.e., rugs) on the horizontal axis of the GAM plots display
the distribution of individual observations. Both GAM plots identified
the value around 1.5 to be the appropriate threshold of baseline Kt/V
for uremic pruritus, which indicated start of the aggravation of pruritus
intensity began at Kt/V <1.5.

doi:10.1371/journal.pone.0071404.9003

GAM plots. Therefore 1.5 should be an appropriate threshold
value of Kt/V for the aggravation of pruritus intensity.

Categorizing Participants by Kt/V at the Threshold of 1.5

According to the threshold determined by the GAM plots and
ROC curve, we further classified the participants into two
categories: those with baseline Kt/V <1.5 and those with baseline
Kt/V =1.5. We then re-evaluated the predictors associated with
the aggravation of pruritus intensity in the regression model
considered only the covariates measured at baseline (Table 5,
model 3), and the model considered both the covariates measured
at baseline and the change scores of covariates (Table 5, model 4).
Models 3 and 4 (Table 5) identified the same set of significant
covariates associated with worsened pruritus as those of models 1
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and 2 (Table 4), respectively. Moreover, they had compatible
GOF as indicated by R

Discussion

This is the first prospective cohort study to investigate clinical
parameters and metabolic profiles for uremic pruritus in
hemodialysis patients using repeatedly measured data. In the
study, we have demonstrated that the aggravation of pruritus was
associated with lower Kt/V after adjusting for a variety of
confounding factors. We've also shown that the patients with
baseline Kt/V below 1.5 suffered from aggravation of pruritus
intensity.

The relationship between uremic pruritus and the doses of
hemodialysis remains controversial. Kt/V, the most commonly
used indicator for dialysis adequacy, assesses the clearance of small
molecules in uremic patients. Dyachenko and Hiroshige reported
that achieving a higher Kt/V might reduce the degree of pruritus
in hemodialysis patients [4,27], while studies reported by Zucker
or Duque did not support this beneficial effect [3,28]. However,
the conclusions by Zucker or Duque were limited due to no
adjustment of other confounding factors.

According to current guidelines, the target dose of Kt/V for
hemodialysis given three times weekly should be 1.4 or above
[17]. These guidelines are based on randomized clinical trials or
large-scale observational studies mainly investigating the out-
comes of all-cause mortality, but not quality of life or intensity
of uremic pruritus [29-33]. Currently, there are no established
guidelines or consensuses regarding the optimal levels of Kt/V
to ameliorate pruritus in hemodialysis patients. The cut-off
value of 1.5 for Kt/V suggested by our study for pruritus is
slightly above the target levels of reducing mortality recom-
mended in clinical practice guidelines, which not only implies
that a Kt/V higher than the current standard may not further
improve survival but may improve the quality of life, but also
indicates that the clearance of pruritogenic substances could
influence the intensity of pruritus [4,34,35]. In addition, we
have found that the use of a high-flux dialyzer was associated
with alleviation of pruritus intensity. Compared with low-flux
dialyzers, a high-flux dialyzer more efficiently removes middle
molecules ranging in size from 1000 to 15,000 D and has been
shown to be associated with the improvement of plasma
lipolytic activities [36], as well as lower rates of amyloidosis
and mortality [37,38]. Our study results are consistent with
previous studies in demonstrating that uremic patients with
pruritus have higher blood levels of urea nitrogen and Bo-
microglobulin than do patients without pruritus [4,8]. Nonethe-
less, further studies are warranted to identify pruritogenic
substances and potentially novel targets in order to help relieve
uremic pruritus.

This study has several limitations. First, we only analyzed the
participants who completed the follow-up of 5 years in the
cohort study, which was limited by the number of our study
participants and possibly influenced by informative censoring.
Second, data-dependent model building and GAM plot
construction intrinsically introduce several biases, including
selection bias. The cut-off value of baseline Kt/V from our
study has only been tested in the data set from which it was
derived. External wvalidation in other cohorts, as well as
randomized clinical trials, are necessary to definitively determine
whether increasing dialysis dose relieves uremic pruritus and to
accurately identify the optimal dialysis dose and regimen. Third,
most of our study participants presented milder pruritus, with
the characteristics of pruritus intensity similar to other studies in
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recent years [16,28,39]. Further studies may be necessary to
explore the factors specifically associated with more severe form
of uremic pruritus. Fourth, this study was limited to the patients
receiving chronic hemodialysis. Whether the findings are also
applicable to the patients with chronic kidney disease or chronic
peritoneal dialysis requires the verification of additional studies.

Despite these limitations, the present study has several
strengths. This is the first prospective cohort study designed to
explore the aggravating and relieving factors associated with
uremic pruritus. The longitudinal study design and repeatedly
measured covariates offer several advantages in terms of
providing information about the temporal aspect of each
participant, increased statistical power, and estimates of a
greater range of conditional probabilities. As pruritus is a
subjective feeling and generally considered difficult to evaluate,
it is valuable to perform a longitudinal study to exclude time-
invariant unobserved individual differences. Furthermore, infor-
mation of a wide variety of potential confounding variables was
collected repeatedly during follow-up, which allowed for more
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sufficient control of known potential confounders in our

analysis.

In conclusion, our study demonstrates that dialysis adequacy

assessed by Kt/V is an independent predictor of pruritus intensity
in patients with maintenance hemodialysis. Furthermore, hemo-
dialysis with the target of Kt/V =1.5, as well as the use of high-
flux dialyzer, may play a role in reducing the severity of uremic
pruritus.

Author Contributions

Conceived and designed the experiments: MJK HYW HYC YLC SPH
MFP JYY HCC FCH YSP SHJ. Performed the experiments: MJK HYW
HYC YLC SPH MFP JYY CFL HML SCH SYY. Analyzed the data:
MJK HYW SYW FCH YSP SHJ. Contributed reagents/materials/
analysis tools: MJK HYW HYC YLC SPH MFP JYY CFL HML SCH
SYY HCC FCH YSP SHJ. Wrote the paper: MJK HYW HYC YLC FCH
YSP SHJ. Revised the manuscript critically for important intellectual
content: SPH MFP JYY CFL. HML SCH SYW SYY HCC. Acquisition of
data: HYC YLC SPH MFP JYY CFL HML SCH SYY.

August 2013 | Volume 8 | Issue 8 | 71404



. Pisoni RL, Wikstrom B, Elder SJ, Akizawa T, Asano Y, et al. (2006) Pruritus in

haemodialysis patients: International results from the Dialysis Outcomes and
Practice Patterns Study (DOPPS). Nephrol Dial Transplant 21: 3495-3505.

. Duque MI, Thevarajah S, Chan YH, Tuttle AB, Freedman BI, et al. (2006)

Uremic pruritus is associated with higher kt/V and serum calcium concentra-
tion. Clin Nephrol 66: 184-191.

. Hiroshige K, Kabashima N, Takasugi M, Kuroiwa A (1995) Optimal dialysis

improves uremic pruritus. Am J Kidney Dis 25: 413-419.

. Morton CA, Lafferty M, Hau C, Henderson I, Jones M, et al. (1996) Pruritus

and skin hydration during dialysis. Nephrol Dial Transplant 11: 2031-2036.

. Massry SG, Popovtzer MM, Coburn JW, Makoff DL, Maxwell MH, et al. (1968)

Intractable pruritus as a manifestation of secondary hyperparathyroidism in
uremia. Disappearance of itching after subtotal parathyroidectomy. N Engl ] Med
279: 697-700.

. Graf H, Kovarik J, Stummvoll HK, Wolf A (1979) Disappearance of uraemic

pruritus after lowering dialysate magnesium concentration. Br Med J 2: 1478~

1479.

. Narita I, Alchi B, Omori K, Sato F, Ajiro J, et al. (2006) Etiology and prognostic

significance of severe uremic pruritus in chronic hemodialysis patients. Kidney
Int 69: 1626-1632.

. Chiu YL, Chen HY, Chuang YF, Hsu SP, Lai CF, et al. (2008) Association of

uraemic pruritus with inflammation and hepatitis infection in haemodialysis

patients. Nephrol Dial Transplant 23: 3685-3689.

. Kaysen GA (2001) The microinflammatory state in uremia: causes and potential

consequences. ] Am Soc Nephrol 12: 1549-1557.

. Wikstrom B, Gellert R, Ladefoged SD, Danda Y, Akai M, et al. (2005) Kappa-

opioid system in uremic pruritus: multicenter, randomized, double-blind,

placebo-controlled clinical studies. ] Am Soc Nephrol 16: 3742-3747.

. Peer G, Kivity S, Agami O, Fireman E, Silverberg D, et al. (1996) Randomised

crossover trial of naltrexone in uraemic pruritus. Lancet 348: 1552-1554.

. Chen HY, Chiu YL, Hsu SP, Pai MF, Lai CF, et al. (2010) Elevated C-reactive

protein level in hemodialysis patients with moderate/severe uremic pruritus: a

potential mediator of high overall mortality. QJM 103: 837-846.

. Ko MJ, Yang JY, Wu HY, Hu FC, Chen SI, et al. (2011) Narrowband

ultraviolet B phototherapy for patients with refractory uraemic pruritus: a
randomized controlled trial. Br J Dermatol 165: 633-639.

. Pauli-Magnus C, Mikus G, Alscher DM, Kirschner T, Nagel W, et al. (2000)

Naltrexone does not relieve uremic pruritus: results of a randomized, double-
blind, placebo-controlled crossover study. J Am Soc Nephrol 11: 514-519.

. Yosipovitch G, Zucker I, Boner G, Gafter U, Shapira Y, et al. (2001) A

questionnaire for the assessment of pruritus: validation in uremic patients. Acta
Derm Venereol 81: 108-111.

. Hemodialysis Adequacy 2006 Work Group (2006) Clinical practice guidelines

for hemodialysis adequacy, update 2006. Am J Kidney Dis 48 Suppl 1: S2-90.

. Daugirdas JT (1995) Simplified equations for monitoring Kt/V, PCRn, eKt/V,

and ePCRn. Adv Ren Replace Ther 2: 295-304.

. Clarke PS (2004) Causal Analysis of Individual Change Using the Difference

Score. Epidemiology 15: 414-421.

. Ware JH (1985) Linear models for the analysis of longitudinal studies. The

American Statistician 39(2): 95-101.

PLOS ONE | www.plosone.org

22.
23.
24.
. Hastie TJ, Tibshirani R (1991) Generalized additive models. Chapter 7 of
26.
27.

28.

30.

36.

37.

38.

39.

Uremic Pruritus in Hemodialysis Patients

. Benedetti A, Abrahamowicz M, Leffondré K, Goldberg MS, Tamblyn R (2009)

Using Generalized Additive Models to Detect and Estimate Threshold
Associations. The International Journal of Biostatistics 5.

Yee TW (2012) VGAM: Vector generalized linear and additive models.
R package, version 0.9-0.

Yee TW, Wild CJ (1996) Vector generalized additive models. Journal of the
Royal Statistical Society Series B-Methodological 58: 481-493.

Hastie T, Tibshirani R (1990) The gam Package. London: Chapman and Hall.

Statistical Models in S eds ] M Chambers and T J Hastie, Pacific Grove, CA:
Wadsworth & Brooks/Cole.

Youden WJ (1950) Index for rating diagnostic tests. Cancer 3: 32-35.
Dyachenko P, Shustak A, Rozenman D (2006) Hemodialysis-related pruritus
and associated cutaneous manifestations. Int J Dermatol 45: 664-667.

Zucker I, Yosipovitch G, David M, Gafter U, Boner G (2003) Prevalence and
characterization of uremic pruritus in patients undergoing hemodialysis: uremic
pruritus is still a major problem for patients with end-stage renal disease. ] Am
Acad Dermatol 49: 842-846.

. Eknoyan G, Beck GJ, Cheung AK, Daugirdas JT, Greene T, et al. (2002) Effect

of dialysis dose and membrane flux in maintenance hemodialysis. N Engl ] Med
347:2010-2019.
Chertow GM, Levin NW, Beck GJ, Depner TA, Eggers PW, et al. (2010) In-
center hemodialysis six times per week versus three times per week. N Engl ] Med
363: 2287-2300.

. Owen WF, Jr., Chertow GM, Lazarus JM, Lowrie EG (1998) Dose of

hemodialysis and survival: differences by race and sex. JAMA 280: 1764-1768.

. Port FK, Ashby VB, Dhingra RK, Roys EC, Wolfe RA (2002) Dialysis dose and

body mass index are strongly associated with survival in hemodialysis patients.

J Am Soc Nephrol 13: 1061-1066.

. Wolfe RA, Ashby VB, Daugirdas JT, Agodoa LY, Jones CA, et al. (2000) Body

size, dose of hemodialysis, and mortality. Am J Kidney Dis 35: 80-88.

. Narita I, Iguchi S, Omori K, Gejyo F (2008) Uremic pruritus in chronic

hemodialysis patients. ] Nephrol 21: 161-165.

. Masi CM, Cohen EP (1992) Dialysis efficacy and itching in renal failure.

Nephron 62: 257-261.

Seres DS, Strain GW, Hashim SA, Goldberg IJ, Levin NW (1993) Improvement
of plasma lipoprotein profiles during high-flux dialysis. ] Am Soc Nephrol 3:
1409-1415.

van Ypersele de Strihou C, Jadoul M, Malghem J, Maldague B, Jamart J (1991)
Effect of dialysis membrane and patient’s age on signs of dialysis-related
amyloidosis. The Working Party on Dialysis Amyloidosis. Kidney Int 39: 1012—
1019.

Koda Y, Nishi S, Miyazaki S, Haginoshita S, Sakurabayashi T, et al. (1997)
Switch from conventional to high-flux membrane reduces the risk of carpal
tunnel syndrome and mortality of hemodialysis patients. Kidney Int 52: 1096
1101.

Mistik S, Utas S, Ferahbas A, Tokgoz B, Unsal G, et al. (2006) An epidemiology
study of patients with uremic pruritus. ] Eur Acad Dermatol Venereol 20: 672~
678.

August 2013 | Volume 8 | Issue 8 | 71404



