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mean URR and Kt/V from the baseline to the intervention 
group. The intervention group had a considerably higher 
rate than the baseline group for all nutritional and biochem-
ical outcome parameters. The study showed a strong posi-
tive correlation between nPCR and Kt/V (p = 0.0001) and also 
a strong positive correlation between serum albumin and 
Kt/V (p = 0.00001). No correlations were found between Kt/V 
and biochemical outcomes such as hemoglobin (p = 0.4922), 
calcium (p = 0.650), phosphate (p = 0.508), and phosphatase 
(p = 0.091).  Conclusion:  All the available evidence in hemo-
dialysis patients confirms the close association between di-
alysis dose and biochemical outcome. A body of evidence 
also highlights the existence of relationship between malnu-
trition and outcome among these patients. Dose of dialysis 
and nutrition are considered to be interrelated. 

 Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Malnutrition is the main factor of morbidity and mor-
tality among hemodialysis patients  [1] . Numerous studies 
have documented that 20–60% of the patients on hemo-
dialysis are malnourished  [2] . The National Cooperative 
Dialysis Study (NCDS) was reported in 1983 and was the 
first effort to quantify the amount and components of 
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 Abstract 
  Background:  Several studies suggest an association be-
tween improved survival and better nutritional status. It has 
been suggested that there is a correlation between dose of 
dialysis and nutritional status. However, in spite of the cur-
rent practice, there are conflicting reports regarding the re-
lationship between dose of dialysis or malnutrition, and bio-
chemical outcome. In this article, we will discuss the impact 
of dose of dialysis on nutritional status and biochemical out-
come in hemodialysis patients. We will also mention the in-
terrelationships of dialysis dose, malnutrition, and biochem-
ical outcome with respect to these patients.  Methods:  Data 
were processed on 134 dialysis patients (mean age 48.21  8  
13.38, 69 male, 65 female) on 3-times-per-week dialysis reg-
imens. The overall study period was 3 months from June 1, 
2005 to August 31, 2005. The patients were divided into two 
groups: the baseline group and the intervention group. The 
data of the baseline group were collected in June, 2005 and 
the data of the intervention group were collected in August, 
2005 after applying the intervention or a protocol for dialysis 
adequacy improvement.  Results:  The statistical analysis 
demonstrated that there was a significant improvement in 
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dialysis therapy provided to a patient and their correla-
tion with patient outcome in a prospective randomized 
design  [3] . The NCDS results show that protein catabolic 
rate (PCR; g/kg/day) and blood urea nitrogen (BUN) are 
important determinants of morbidity in patients under-
going hemodialysis. A PCR  1 1 g/kg/day and a time aver-
age concentration (TAC) of BUN of approximately 50 
mg/dl were shown to be determinants of low morbidity. 
Several studies indicate that a low dietary protein intake 
as well as biochemical evidence for protein malnutrition 
are associated with increased morbidity and mortality  [3, 
4] . In the NCDS, a low PCR (0.8 g/kg/day) was associated 
with treatment failure. Lowrie and Lew  [5]  in their more 
than 12,000 patients identified serum albumin concen-
tration as the most powerful indicator of mortality. The 
risk of death in patients with serum albumin concentra-
tion below 2.5 g/dl was close to 20-fold compared to pa-
tients with serum albumin of 4.0–4.5 g/dl, which is con-
sidered to be the reference range. More importantly, when 
compared to this reference value, even serum albumin 
values of 3.5–4.0 g/dl resulted in a twofold increase in the 
relative risk of death. It is important to note that this lat-
ter value of albumin is considered to be in the range of 
normal for many practitioners. Therefore, even a small 
decrease in serum albumin will cause a significant in-
crease in mortality. In addition to serum albumin, they 
also defined a close relationship between mortality and 
other biochemical markers of nutrition. However, a low 
serum albumin does not always reflect a poor nutritional 
status of the patient. Serum albumin levels are also influ-
enced by several other factors, such as infection, inflam-
mation and liver diseases. It is important to note that a 
strong association between nutritional intake or status 
and clinical outcome may not indicate a causal relation-
ship. Since, it has been shown that a comorbid condition 
may possibly both impair nutritional status and increase 
mortality independently  [5] . Several studies of the rela-
tionship between dose of dialysis and outcome have been 
published. The results of these studies revealed that he-
modialysis patient mortality showed a strong and robust 
inverse correlation with delivered hemodialysis dose 
whether measured by Kt/V or by URR  [6] . Mortality risk 
was lower by 7% with each 0.1 higher level of delivered 
Kt/V. Mortality was also lower by 11% with each 5 per-
centage points higher URR. Above a URR of 70% or a 
Kt/V of 1.3, the data did not provide any statistically sig-
nificant reductions in mortality. It appears that increas-
ing the level of delivered dose offers a practical and effi-
cient means of lowering the mortality rate  [7, 8] . In 1989, 
Lindsay and Spanner  [9]  showed that any attempt to in-

crease the protein intake in chronic kidney disease (CKD) 
patients undergoing hemodialysis was unsuccessful if 
any previous increases in the amount of prescribed he-
modialysis were not established first   . They also found a 
linear, positive correlation between Kt/V and nPCR. On 
the other hand, Blake et al.  [10] and Yang  [ 11]  have sug-
gested that the relationship between Kt/V and nPCR is 
not linear, and that for a Kt/V  1 1.7 the nPCR values are 
flattened  .

  Subjects and Methods 

 An experimental study with a comparison group was used. 
The study subjects consisted of 134 hemodialysis patients on 3-
times-per-week dialysis regimens. No subjects dropped out of the 
study. The overall study period was 3 months from June 1, 2005 
to August 31, 2005. The patients were divided into two groups: the 
baseline group and the intervention group. The data of the base-
line group for 134 patients were collected in June, 2005 and the 
re-measurement data for the same number of patients were col-
lected in August, 2005 after applying the intervention or a proto-
col for dialysis adequacy improvement. The intervention plan was 
based on the philosophy that the cause of inadequate dialysis dif-
fers between patients. Possible root causes for inadequate dialysis 
include: prescription related, access related, treatment not deliv-
ered as prescribed, or patient compliance. Root cause analysis was 
discussed with the dialysis experts and the dialysis facility was 
encouraged to utilize its internal quality programs to identify the 
root cause and to focus intervention activity accordingly. For each 
patient, age, gender, height, type of vascular access, location of 
access, pre-weight, post-weight, type of dialysate, weight gain and 
HD duration were recorded. The characteristics of the patients 
are shown in  table 1 . Special attention was paid to the real dialysis 
time, so that time-counters were fitted to all machines for all ses-
sions, to record effective dialysis duration (excluding any unwant-
ed interruptions, e.g. due to dialysis hypotensive episodes). For 
each dialysis session for each patient the following were recorded: 
BUN at beginning (C 0 ), and at the end (C t ) of the session (latter 
obtained 3 min after slowing the pump speed to 50 ml/min), a 
value which correlated extremely well with that of a sample taken 
30 min after the cessation of dialysis where true dialysis time T, 
the intradialytic weight loss (UF), patients’ dry weight (W t ), and 
hematological profile were obtained. Using a computer-based sin-
gle-pool urea kinetic modeling program, the following parame-
ters were determined: the hemodialysis index (Kt/V) according 
to the Daugirdas second-generation formula  [12] , the protein cat-
abolic rate per normalized body weight (nPCR, g/kg/day), the 
time-averaged urea concentration (TAC, mg/dl), and the urea 
generation rate (G, mg/min). The dialyzer clearance and the per-
cent of recirculation (using the three-sample method) that were 
calculated for each patient by using the formulas are shown in the 
‘Appendix’. 

  Statistical analysis was performed using SPSS 10.0 and NCSS 
2004 software packages. Mean errors relative to reference values 
were compared by one way ANOVA, with significant group dif-
ferences (p  !  0.05) localized by post-hoc application of the pair-
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wise least significant difference test. Confidence intervals on the 
discrepancy between different estimates of the same parameter 
are calculated as Bland-Altman 95% limits of agreement. Com-
parison of means between the two groups was made using the 
paired-sample t test. Comparison of variances between the two 
groups of results was made using the F test. Logistic regression 
analysis was used to assess the correlation between dialysis ade-
quacy and the nutritional status parameters. The most common 
measure of correlation is the Pearson product moment correlation 
(called Pearson’s correlation for short). Pearson’s correlation (R) 
reflects the degree of linear relationship between two variables. 
The squared correlation coefficient is called the coefficient of de-
termination. The coefficient of determination is one of the best 
means for evaluating the strength of a relationship that represents 
the fraction of the variation in one variable that may be explained 
by the other variable.

  Results 

 The treatment characteristics before (baseline group) 
and after (intervention group) a quality improvement 
program (QIP) are shown in  table 2 .

  From  table 2 , the statistical analysis demonstrated that 
there was a significant improvement in mean URR from 
the baseline to the intervention group (URR: 58.77  8  
8.36 vs. 65.99 8  5.33, respectively; p = 0.00001) and also 
there was a significant improvement in mean Kt/V from 
the baseline to the intervention group (Kt/V: 0.99  8  0.21 
vs. 1.21 8  0.17, respectively; p = 0.00001). It was noted that 
the intervention group showed a statistically significant 
increase of 21.24% in dialysis adequacy and 12.28% in-
crease in URR after applying the quality improvement 
program. In aggregate, table 2 indicated that the factors 
impacting the dialysis prescription were increased in or-
der to increase the dialysis adequacy.  Figure 1  illustrates 
the comparison of Kt/V and URR between the baseline 
and the intervention groups.

  Statistical analysis demonstrated that the intervention 
group had a considerably higher rate than the baseline 
group for all nutritional and biochemical outcome pa-
rameters. For nPCR, the intervention group increased by 
13.63%, from 0.939 at baseline to 1.067 at remeasurement, 

Table 1. Patient characteristics

Patient characteristics Count

Number of patients 134
Time on HD, months

Range 6–96
Mean  32.14828.72

Age, years
Range 15–73
Mean  48.21813.38

Gender
Male 69 (51%)
Female 65 (49%)

Height, cm
Range 127–180
Mean female height 157.4687.15
Mean male height 169.5486.07

BMI
Mean 22.382.25
Range 18.1–30.7

Type of dialysate
Bicarbonate 24 (18%)
Acetate 110 (82%)

Access type
AV fistula 123 (91.8%)
Temporary catheter 11 (8.2%)

Dialyzer type and surface area
1.2 m2 cellulosynthetic, homophane 22 (16.42%)
1.3 m2 polysulfone 81 (60.45%)
1.6 m2 polysulfone 31 (23.13%)

Table 2. Comparison of treatment characteristics between the 
baseline and the intervention groups

Patient characteristics Baseline group
(pre-QIP)

Intervention 
group
(post-QIP) 

Number of patients 134 134
Mean treatment duration, h 3.6180.38 3.8780.28
Mean blood flow rate, ml/min

Range 200–300 200–350
Mean 268.89836.29 301.34824.09

Dialysate flow rate, ml/min 500 800
Predialysis weight, kg

Range 35–112 35.5–114
Mean 68.78815.45 70.02815.55

Interdialytic weight gain, kg
Range 0–5 0–5
Mean IDWG 2.04881.24 2.5281.18

Ultrafiltration rate, ml/min
Range 0.05–20.83 0–26.5
Mean UFR 8.5485.15 11.3685.48

Predialysis BUN, mg/dl 124.94833.17 129.36833.50
Postdialysis BUN, mg/dl 52.66815.06 42.052811.43
Kt/Veq*

Range 0.62–1.54 0.65–1.56
Mean 0.9980.21 1.2180.17

URR, %*
Range 40.33–77.77 45.71–75.52
Mean 58.7788.36 65.9985.33

* p = 0.00001.
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which was a statistically significant increase (p = 0.00001) 
and was a statistically significant variance difference
(F = 1.532 with p = 0.0145). For serum albumin, the in-
tervention group increased by 16.81%, from 3.218 at 
baseline to 3.759 at remeasurement, which was a statisti-
cally significant increase (p = 0.00001) and was a statisti-

cally significant variance difference (F = 1.497 with p = 
0.021). For hemoglobin, the intervention group increased 
by 8.83%, from 8.45 at baseline to 9.196 at remeasure-
ment, which was a statistically significant increase (p = 
0.00043) and a statistically significant variance differ-
ence (F = 1.876 with p = 0.0003). For calcium, the inter-
vention group increased by 5.58%, from 8.56 at baseline 
to 9.038 at remeasurement, which was a statistically sig-
nificant increase (p = 0.00006) but there was no statisti-
cally significant variance difference between the two 
groups (F = 1.359 with p = 0.08). For phosphate, the in-
tervention group increased by 14.83%, from 5.93 at base-
line to 6.81 at remeasurement, which was a statistically 
significant increase (p = 0.000187) but there was no sta-
tistically significant variance difference between the two 
groups (F = 1.115 with p = 0.531). There was no statisti-
cally significant increase in phosphatase (p = 0.0979) be-
tween the intervention and the baseline groups and nei-
ther was there a statistically significant variance differ-
ence between the two groups (F = 1.081 with p = 0.655). 
These statistical analyses reveal that the nutritional sta-
tus of patients was improved due to the improvement in 
dialysis adequacy and session performance.  Table 3  sum-
marizes a comparison of the nutritional status and bio-
chemical outcome parameters between the baseline and 
the intervention groups.

  Correlation between dialysis adequacy, nutritional 
status and biochemical outcome of patients was studied 
by linear regression analysis and analysis of variance 
(ANOVA) and are shown in  table 4 . No correlations were 
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  Fig. 1.   a  Box plot comparison of dialysis adequacy Kt/V between the baseline and intervention groups.  b  Box 
plot comparison of URR between the baseline and intervention groups. 
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Table 3. Nutritional status and biochemical outcome parameter 
comparison between the baseline and intervention groups

Nutritional and
biochemical parameters

Baseline group
(pre-QIP)

Intervention group
(post-QIP)

nPCR, g/kg/day
Range 0.437–1.26 0.73–1.28
Mean 0.93980.125 1.06780.101

Albumin, g/dl
Range 1.9–4.2 2.4–5.6
Mean 3.21880.380 3.7680.46

Hemoglobin, g/dl
Range 5.3–12.4 4.5–14.5
Mean 8.4581.424 9.19681.95

Calcium, mg/dl
Range 4.6–11.7 6.1–11.9
Mean 8.5681.02 9.03880.875

Phosphate, mg/dl
Range 1.5–10.9 2.2–12.3
Mean 5.9381.943 6.8181.84

Phosphatase, IU/l
Range 38–927 41–888
Mean 186.368154.86 217.198148.97
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found between Kt/V and biochemical outcomes such as 
hemoglobin (p = 0.492), calcium (p = 0.650), phosphate 
(p = 0.508), and phosphatase (p = 0.091). Regression 
analysis revealed that there is a strong positive correla-
tion between dialysis adequacy Kt/V and normalized pro-
tein catabolic rate (nPCR). The equation of the straight 
line relating nPCR and Kt/V using 248 observations in 
the dataset is estimated as:

  nPCR = 0.3402 + (0.6397  ·  Kt/V).              (1)

  The y-intercept, the estimated value of nPCR when 
Kt/V is zero, is 0.3402 with a standard error of 0.0316. 
The slope, the estimated change in nPCR per unit change 
in Kt/V, is 0.6397 with a standard error of 0.0297. The 
value of R-squared, the proportion of the variation in 
nPCR that can be accounted for by variation in Kt/V, is 
0.6537. The correlation between nPCR and Kt/V is 0.8085. 
A significance test that the slope is zero resulted in a t 
value of 21.5482. The significance level of this t test is 
0.0001. Since 0.0001 is  ! 0.05, the hypothesis that the 
slope is zero is rejected. The relationship between Kt/V 
and nPCR is shown is  figure 2 .

  Regression analysis also revealed that there is a strong 
positive correlation between dialysis adequacy Kt/V and 
serum albumin (R = 0.8145 and R 2  = 0.6634). The equa-
tion of the straight line relating albumin and Kt/V using 
134 observations in the dataset is estimated as:

  Albumin = 0.3450 + (2.6852  ·  Kt/V).            (2)

  A significance test that the slope is zero resulted in a t 
value of 16.1309. The significance level of this t test is 

0.00001. Since 0.00001 is  ! 0.05, the hypothesis that the 
slope is zero is rejected. The relationship between Kt/V 
and serum albumin is shown is  figure 3 .

  Table  4  summarizes the regression analysis that was 
made between dialysis dose Kt/V versus nutritional and 
clinical outcome parameters.

  Discussion 

 According to protein indicators, it seems likely that 
life-threatening malnutrition is present in about 25% of 
hemodialysis patients. The recent NKF-DOQI recom-
mendation for dietary protein intake in maintenance he-
modialysis patients is 1.2 g/kg body weight/day. The rec-

Table 4. Correlation and regression analysis results between dose 
of dialysis and nutritional parameters

nPCR Albumin Hb –Ca Ph Alp

R 0.808 0.815 0.06 –0.04 0.06 0.15
R2 0.654 0.663 0.004 –0.002 0.004 0.023
Standard error

of estimate 0.03 0.20 1.0 –0.89 2.32 161.3
Regression values

A 0.64 2.69 0.699 –0.21 0.80 143.3
B 0.34 0.35 8.36 –9.22 5.42 41.27

t value 21.55 16.13 0.69 –0.46 0.67 1.71
p value 0.0001 0.00001 0.492 –0.650 0.508 0.09
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  Fig. 3.  Plots of serum albumin versus Kt/V. A strong positive cor-
relation was observed between Kt/V and serum albumin levels. 

  Fig. 2.  Plots of nPCR versus Kt/V; 248 observations on hemodi-
alysis patients.   
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ommended daily energy intake for maintenance hemodi-
alysis patients is 35 kcal/kg BW/day for those who are less 
than 60 years of age, and 30–35 kcal/kg for individuals 60 
years of age or older. Only 35% of our patients are eating 
between 1.07 and 1.32 g of protein/kg/day. We considered 
those patients with nPCR values below 0.8 g/kg/day as 
high-risk patients. Consequently, when we were not able 
to modify their nutritional status with dietary counseling 
we used aggressive dietary intervention, which included 
the use of oral dietary supplements, a nasogastric tube 
feeding, placement of a PEG tube in gastroparetic pa-
tients, and the use of intradialytic parenteral nutrition in 
selected patients. To design an optimal therapy for dialy-
sis, we plotted nPCR and predialysis BUN. In our dialysis 
unit, we have progressively increased the dose of dialysis 
to a Kt/V of 1.4. Patients who are under-dialyzed lose 
their appetite and may develop malnutrition. 

  The statistical analysis of the relationship between the 
nPCR and the dialysis adequacy, as expressed by Kt/V, 
showed a positive correlation. The study showed a strong 
positive correlation between nPCR and Kt/V and also a 
strong positive correlation between serum albumin and 
Kt/V. We also found a positive, although not statistically 
significant, correlation between nPCR and serum albu-
min levels (R = 0.41, p = 0.22). The finding suggests that 
the correlation between nPCR and Kt/V is linear and the 
improvement of the nutrition of patients undergoing 
chronic hemodialysis is closely related to the amount of 
hemodialysis delivered to those patients. This finding 
suggests also that patients undergoing chronic hemodi-
alysis adjust their protein intake automatically according 
to the dose of hemodialysis delivered, probably via an 
improvement in appetite as a result of the disappearance 
of uremic symptoms from the digestive system (e.g. nau-
sea, anorexia, vomiting). The increase in protein intake 
causes an increase in urea production, manifested as an 
increase in TAC, which we observed in our patients. This 
implies that patients with high predialysis urea concen-
trations (in the absence of neoplasia, infection, hyper-
thyroidism, etc.) are those treated with the higher hemo-
dialysis dose, and, as a consequence, present the higher 
nPCR values. According to the NCDS criteria, these pa-
tients manifest lower morbidity and mortality rates.

  In our study, the programmed increase of hemodi-
alysis dose in 7 patients resulted in the concomitant in-
crease of the nPCR, although no attempt was made to 
alter the usual dietary habits of our patients. Our find-
ing also suggests that patients with a lower protein in-
take show a propensity towards obesity, which seems 
somewhat peculiar. The possible explanation that we 

can suggest is that patients with CKD are known to be 
insulin resistant, a situation that is accompanied by obe-
sity. Therefore, we can suggest that the usual hemodi-
alysis dose, when coupled with nPCR values  ! 1.4 g/kg/
day, is insufficient to correct the metabolic disturbance 
of insulin resistance observed in these patients and, 
thus, they exhibit a propensity toward obesity. 

  Recirculation was another factor found to influence 
the nPCR values. The method used to estimate the re-
circulation was the ‘three-sample method’ using arte-
rial, venous, and peripheral blood. Although recircula-
tion determined by this method is considered by some 
to be an artifact, we found that 13 of our patients had a 
recirculation fraction greater than zero (5.22  8  6.26%). 
The correlation between nPCR and recirculation was 
negative (R = –0.59, p = 0.01). Kt/V was also found to be 
negatively correlated with recirculation, though the cor-
relation was not statistically significant (R = –0.29, p = 
0.45). This finding suggests that if the recirculation frac-
tion, as estimated by the three-sample method, is capa-
ble of influencing two other independent variables 
(nPCR and Kt/V) in the same direction, then it is wise 
to assume that it is not an artifact. This would, at least, 
be the case with regard to the use of standard dialyzers, 
where the ‘rebound phenomenon’ is not so evident and 
the equilibrium between the peripheral microcircula-
tion and the central pool blood is feasible during the 
usual hemodialysis time.
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  Appendix 

 Recirculation (%) =  

 ((C peripheral  – C art )/( C peripheral  – C ven ))  !  100

  where C p  = peripheral BUN or stop-flow, C art  = dialyzer inlet (ar-
terial), and C ven =  dialyzer outlet (venous).

  Dialyzer clearance measured by AV gradient method (diffu-
sion + ultrafiltration)

  K = Q B  ((C Bi  – C Bo )/C Bi  + Q F  (C Bo / C Bi ) ml/min

         Diffusive term        Convective term 
  where K = dialyzer clearance, Q B  = blood flow rate, C Bi  = urea 
concentration at the dialyzer inlet, C Bo  = urea concentration at the 
dialyzer outlet, and Q F  = ultrafiltration rate.
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