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ABSTRACT 

Background. Very low calorie diets ( VLCDs) are an obesity treatment option in the general population, but their efficacy 
and safety in patients on haemodialysis ( HD) is unknown. 
Methods. Prospective single arm study of VLCD in haemodialysis patients. All participants received 2.5–3.3 MJ/day for 
12 weeks. Weekly assessment of VLCD, pre- and post-dialysis weight, inter-dialytic weight gain, and blood electrolytes 
occurred for the first 4 weeks, then fortnightly for another 8 weeks. Linear mixed models compared the change in weight 
over time as well as biochemical outcomes including potassium. 
Results. Twenty-two participants [nine home HD ( HHD) and 13 satellite HD ( SHD) ] enrolled with 19 completing the 
12-week intervention. Mean post-dialysis weight declined from 121.1 kg at baseline to 109.9 at week 12 resulting in 

average decline of 0.88 kg per week ( 95% C.I. 0.71, 1.05, P < .001) with 12-week mean percentage weight loss9.3% ( SD 3.5) . 
Mean post-dialysis body mass index declined from 40.9 kg/m2 at baseline to 37.1 kg/m2 at week 12 ( 95% C.I. 0.25, 0.35, 
P < .001) . Serum potassium rose from week 1 to 3, stabilized during weeks 4 to 6, and fell from week 8, returning near 
baseline by week 12. Six of the nine ( 66.6%) HHD participants and seven of the 13 ( 70%) SHD participants had at least one 
episode of hyperkalaemia ( K > 6 mmol/l) . There were no clinical changes in serum sodium, corrected calcium, or 
phosphate levels during the study. 
Conclusion. VLCD with dietitian supervision was effective in producing significant weight reduction, with an acceptable 
safety profile in patients treated with haemodialysis. 
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KEY LEARNING POINTS 

What was known: 

• Very low calorie diets are known to be safe and effective in the general population, but there is limited evidence for their use 
in the haemodialysis population. This study adds to the evidence from smaller studies on the efficacy of very low calorie 
diets in the haemodialysis population.

This study adds: 

• This study is unique in demonstrating the weight loss achieved via very low calorie diets can assist haemodialysis patients 
in eligibility for kidney transplant.

• This study demonstrated that 12 months post-completion of a 12 week very low calorie diet intervention, weight did not 
change significantly for people who remained on haemodialysis. For people who received kidney transplantation within 
that time, some small weight regain was observed.

Potential impact: 

• This study shows that very low calorie diets may be used as a tool for weight reduction for people on haemodialysis to 
achieve eligibility for transplant when weight is the only barrier 

• Monitoring of potassium is an important safety measure for people on dialysis commencing a very low calorie diet, partic- 
ularly in the first 3 weeks on the diet. 
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NTRODUCTION 

besity is a major public health problem in Australia and other 
ountries and is one of the top five risk factors for disease glob- 
lly [1 ]. Together with this, the prevalence of obesity has in- 
reased in patients with end stage kidney disease ( ESKD) requir- 
ng kidney replacement therapy. For example, in Australia and 
ew Zealand from 2003 to 2012 the proportion of haemodialysis 

 HD) patients who were obese rose from 19% to 30% and 39% to 
7%, respectively [2 ]. While obesity is linked to increased mortal- 
ty in the general population, this is not the case for patients re- 
eiving HD where consistent findings suggest that those who are 
verweight and obese have superior survival outcomes to those 
ho are normal or underweight [3 , 4 ]. However, recent studies 
uggest that weight change is important such that reduced sur- 
ival is seen with weight loss independent of the baseline body 
eight [5 –7 ]. 
Obesity in ESKD patients has recently been shown to be an 

mportant barrier to kidney transplantation [8 ]. In Australia and 
ew Zealand, obesity reduces the likelihood of being listed for 
idney transplantation, especially among women [8 ]. The re- 
ent KDIGO clinical practice guidelines ‘suggest that candidates 
hould not be excluded from transplantation because of obe- 
ity’ and that weight loss interventions be offered to candidates 
ith obesity before transplantation [9 ]. Likewise, clinical prac- 
ice guidelines from Australia and Canada do not include a spe- 
ific body mass index ( BMI) threshold for determining transplant 
uitability, instead suggesting that each potential recipient per- 
on be individually assessed [10 , 11 ]. Obesity increases the risk of 
hort-term complications, while data on long-term patient and 
raft outcomes is mixed [9 , 12 ], [13 ]. Therefore, while the data 
uggest that obesity should not be a contraindication to trans- 
lantation, most transplant units feel that weight loss in obese 
atients is required or desirable before listing on the transplant 
ist. 

Very low calorie diets ( VLCDs) are one of many obesity treat- 
ent options used in the general population. Typically, such di- 
ts involve the substitution of at least two meals and often three 
ith low caloric meal-replacement products to induce signif- 

cant weight loss. The efficacy and safety of such diets in pa- 
ients with kidney disease and in particular those in HD is un- 
nown with one small study in five HD patients demonstrating a 
edian weight loss of 7% of body weight without any safety con- 
erns [14 ]. Whether the use of VLCD enables subsequent listing 
f obese patients for kidney transplantation is not clear. 
Therefore, the aims of this study were to ( i) determine the ef- 

cacy and safety of a VLCD with three meal-replacement prod- 
cts per day patients with ESKD undergoing HD therapy, and ( ii) 
ssess whether resulting weight loss will facilitate listing in suit- 
ble candidates. 

ATERIALS AND METHODS 

tudy design and population 

his is a single arm prospective clinical trial conducted within 
he Department of Nephrology, Monash Health, a tertiary re- 
erral centre in Victoria, Australia. Participants were prevalent 
ialysis patients recruited from satellite ( centre) haemodialysis 
 SHD) and home haemodialysis ( HHD) programmes. Patients on 
HD dialyse for 4–5 hours three times a week while the HHD pa-
ients dialyse for 6–8 hours alternate days. Patients were eligible 
or inclusion if they were 18 years or older, had a BMI > 30 kg/m2 ,
ere stable on dialysis for a minimum of 3 months, and able to
ive informed consent. Non-English-speaking participants were 
xcluded from the study. Participants with diabetes requiring 
nsulin were not specifically excluded, however, approval from 

ach participant’s managing endocrinologist was required be- 
ore consent into the study. 

The study protocol was approved by the Monash Health Hu- 
an Research Ethics Committee ( NMA HREC reference num- 
er HREC/16/MonH/427) . All participants provided written in- 
ormed consent. The study is registered at Australian and New 

ealand clinical trials registry ( ANZCTR, https://www.anzctr.org.
u) , ANZCTR 12621001351808. 

ntervention 

he VLCD was administered using meal-replacement bars,
hakes, soups, and desserts for 12 weeks ( Optifast®, Nestle 
ealth Science) . Each participant was prescribed three meal- 
eplacement products providing a total of 600 kcal ( 2.5 MJ) and 
0–80 g protein plus two cups of low carbohydrate, low to mod- 
rate potassium vegetables, and one teaspoon of oil per day. The 

https://www.anzctr.org.au
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Table 1: Baseline characteristics by dialysis modality. 

Satellite HD Home HD 

N = 13 N = 9 P value 

Age, years 47.7 ( 7.77) 52.0 ( 6.23) .18 
Female, n ( %) 5 ( 38%) 4 ( 44%) .78 
DM, n ( %) 7 ( 54%) 5 ( 56%) .94 
Coronary artery disease, n ( %) 3 ( 23%) 1 ( 11%) .47 
Peripheral vascular disease, n ( %) 1 ( 8%) 0 ( 0%) .39 
Primary kidney disease, n ( %) .78 

DM 4 ( 31%) 2 ( 22%) 
Glomerulonephritis 5 ( 38%) 4 ( 44%) 
Hypertension/vascular 1 ( 8%) 0 ( 0%) 
Other 3 ( 23%) 3 ( 33%) 

Dialysis vintage, years 2.0 ( 1.5–4.2) 4.4 ( 2.8–7.1) .48 
Pre-dialysis weight, kg 108.0 ( 99.1–121.8) 123.6 ( 101.9–157.2) .22 
Post-dialysis weight, kg 105.7 ( 96.9–116.8) 120.6 ( 99.9–154.8) .22 
Ideal body weight, kg 105.5 ( 97.0–116.0) 118.5 ( 100.0–155.0) .30 
BMI, kg/m2 37.0 ( 35.3–40.3) 38.5 ( 35.4–50.0) .48 
Pre-dialysis sodium, mmol/l 137 ( 3) 136 ( 2) .49 
Pre-dialysis potassium, mmol/l 4.9 ( 0.7) 4.7 ( 0.6) .53 
Pre-dialysis corrected calcium, mmol/l 2.35 ( 0.22) 2.38 ( 0.17) .68 
Pre-dialysis magnesium, mmol/l 1.03 ( 0.14) 0.93 ( 0.09) .08 
Pre-dialysis phosphate, mmol/l 1.99 ( 0.37) 1.87 ( 0.41) .49 
Pre-dialysis albumin, g/l 36 ( 3) 34 ( 3) .16 
Ketones 2.62 ( 1.39) 3.56 ( 1.59) .16 
Transthyretin, mg/l 310 ( 67) 286 ( 50) .35 

Data are presented as mean ( SD) or median ( IQR) for continuous measures, and n ( %) for categorical measures. 
HD, hemodialysis; BMI, body mass index 
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otal diet provided up to 800 kcal ( 3.3 MJ) per day, which included
8 g fat ( 13.5 g from VLCD products and 4.5 g from an addi-
ional teaspoon of oil) . All participants were initially prescribed 
he same diet as outlined regardless of baseline weight or phys-
cal activity levels, however, specific meal-replacement flavours 
sed were based on individual participant preference with in- 
ividualized tailored approach for trouble shooting and advice 
 Supplementary Table 2) . Participants were required to purchase 
nd prepare their own vegetables for the duration of the study,
nd could select from appropriate options based on their food
references. 
All participants received written and verbal education by di- 

titians and nursing staff prior to commencing the study and as
equired during scheduled monitoring appointments. Education 
ncluded details regarding the individualized fluid restriction of 
00 ml plus average daily urine output volume in addition to the
00–600 ml used in preparation of meal-replacement products 
nd appropriate low carbohydrate and low to moderate potas- 
ium vegetables to consume. Compliance to prescribed binders 
t the same time as their meal-replacement products was also
einforced. After the 12-week study period, participants contin- 
ed to receive support from the dietitian and nursing staff to ei-
her continue their weight reduction towards their goal weight 
r maintain their weight. 

tudy measures 

aseline measurements were taken prior to commencing 
he VLCD included pre- and post-dialysis weight, dry ( ideal 
ody) weight, waist circumference, subjective global assess- 
ent ( SGA) , height, and BMI. Laboratory measures included 
re-dialysis serum potassium, albumin, ketones, calcium, mag- 
esium, phosphate, and transthyretin. Average inter-dialytic 
eight gain for the previous three dialysis sessions was also
ecorded. 

Participants were monitored weekly for the initial 4 weeks
f the intervention period and then fortnightly for the remain-
er of the study. At each monitoring visit, pre- and post-dialysis
eight, inter-dialytic weight gain, potassium, calcium, magne- 
ium, phosphate, albumin, and random BGL ( if diabetic) were 
easured. Ketones were measured at the bedside with blood
lucose meters. Participants were provided with individualized 
ietary advice based on their experiences and blood results.
edications and dialysate concentration of potassium were ad-

usted as required. At the conclusion of the 12-week study
eriod, all baseline measurements were repeated. In those par-
icipants with diabetes mellitus ( DM) , baseline and week 12
lycosylated haemoglobin ( HbA1c) was also measured. 

utcome measures 

he primary efficacy outcome of the study was change in post-
ialysis weight over the 12-week period. In addition, a primary
afety outcome was change in serum potassium and inci-
ence hyperkalaemia ( K > 6.0 mmol/l) through the study pe-
iod. Tolerability of the VLCD was also assessed. Long-term ef-
cacy was assessed by recording weight at 3, 6, and 12 months
ost-intervention. 

tatistical analysis 

s this was a pragmatic pilot trial, no sample size calcula-
ion was performed. Funding provided by the Department of
ephrology determined a sample size of between 20 and 25
articipants. 
All data are presented as number ( percentage) , mean ± 1

tandard deviation ( SD) , median ( interquartile range [IQR]) 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae217#supplementary-data
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a 
here appropriate. All participants were included in the anal- 
sis regardless of adherence to the prescribed VLCD including 
ocumentation of the weight at the time of withdrawal and at 
he final week 12 visit. Linear mixed models were used to com- 
are the change in weight over time in participants as well as 
iochemical outcomes including potassium. An assessment of 
he effect on modality type was tested by including an inter- 
ction between modality type and time. Baseline and week 12 
aist circumference were assessed using analysis of covariance 
djusting for the baseline values. All analyses were conducted 
sing Stata MP 16 ( Stata Corp, College Station, TX, USA) . 

ESULTS 

tudy participants 

wenty six patients were approached to take part with 22 re- 
ruited and consented to the study ( Supplementary Fig. 1) . Base- 
ine characteristics of the study participants by dialysis modal- 
ty are presented in Table 1 . Nine ( 41%) participants were treated 
ith HHD and 13 ( 59%) with SHD. While not statistically signif- 

cant, HHD participants were 5 years older [mean age 52.0 ( SD 

.8) vs 47.7 ( 6.2) years] and were heavier with a mean ideal body 
eight of 118.5 kg ( IQR 100, 155) versus 105.5 kg ( IQR 97, 116) .
aseline biochemical measures were similar between the two 
roups. All participants were assessed as well nourished by SGA 

t baseline. 

ffect of VLCD on weight outcome 

dherence to the VLCD was high with 19 participants ( 86%) com- 
leting the 12-week intervention period. The three participants 
ho withdrew from the study did so at weeks 5, 6, and 10, re- 
pectively. All reported difficulties in adhering to the prescribed 
eal plans as the reason for withdrawal. 
A summary of the mean pre-, post-, and ideal body weight 

s presented in Table 2 with results of the mixed models pre- 
ented in Table 3 . Mean weekly and percentage weight loss is 
resented in Fig. 1 . The mean post-dialysis weight declined from 

21.1 kg at baseline to 109.9 at week 12 ( Table 2 ) resulting in an 
verage decline of 0.88 kg per week ( 95% C.I. 0.71, 1.05, P < .001) 
ver the study period ( Table 3 ) . Declines in pre-dialysis and ideal 
ody were of similar magnitude. By 12 weeks, mean percent- 
ge weight loss was 9.3% ( SD 3.5) ( Table 2 ) . The mean post- 
ialysis BMI declined from 40.9 kg/m2 at baseline to 37.1 kg/m2 at 
eek 12 [average decline 0.30 kg/m2 per week ( 95% C.I. 0.25, 0.35,
 < .001) ]. Mean waist circumference declined from 134.8 cm at 
aseline to 125.7 cm at week 12 [average decline 0.80 cm per 
eek ( 95% C.I. 0.56, 1.03, P < .001) ]. 
The rate of post-dialysis weight decline was greater in HHD 

articipants compared to the SHD participants, 1.10 kg per week 
 95% C.I. 0.86, 1.34) versus 0.73 kg per week ( 95% C.I. 0.52, 0.93) 
espectively ( interaction P value, P = .02) . Results were similar 
or pre-dialysis and ideal body weight. 

Following the trial, 10 participants achieved their individual- 
zed weight target set by the transplant surgeons to enable active 
isting for kidney transplantation. All were actively listed and re- 
eived a kidney transplant at a median time of 304 days after the 
nd of the study intervention ( range 59 to 882 days) . Six of the 10 
atients were transplanted within 12 months post the interven- 
ion. Supplementary Table 1 presents 3, 6, and 12 months post- 
ntervention weight and BMI results including that after kidney 
ransplant where applicable. By 12 months post-intervention,
he ideal body weight rose by 3.7 kg ( 95% C.I. 0.8, 6.6, P = .011) 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae217#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae217#supplementary-data
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Table 3: Interaction between dialysis modality and weight trajectory 

Outcome Beta coefficient 95% C.I. Interaction P value a 

Pre-dialysis weight 
Whole cohort −0.87 −1.05, −0.69
Satellite HD −0.69 −0.90, −0.49 .007 
Home HD −1.13 −1.37, −0.88

Post-dialysis weight
Whole cohort −0.88 −1.05, −0.71
Satellite HD −0.73 −0.93, −0.52 .02 
Home HD −1.10 −1.34, −0.86

Ideal body weight 
Whole cohort −0.88 −1.05, −0.71
Satellite HD −0.74 −0.94, −0.53 .025 
Home HD −1.10 −1.34, −0.86

a Interaction between modality and time 

HD = haemodialysis 
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ompared to the 12-week weight ( six transplanted participants 
ncluded) . Similarly, BMI at 12 months rose by 1.27 kg/m2 ( 0.25,
.28, P = .014) . Weight and BMI at 3 and 6 months were not sig-
ificantly different from those at 12 weeks. After excluding the
ix transplanted participants, mean weight at 12 months was 
ot different compared to the 12-week weight ( weight change 
.85 kg, 95% C.I. −1.25, 4.95, P = .24) . 
igure 1: Mean weekly weight change at each study visit ( top) and percentage weight l
afety and biochemical data 

igure 2 displays the mean serum potassium levels and the
ncidence of potassium levels > 5.5 and > 6.0 mmol/l through-
ut the study. Compared to baseline, the serum potassium rose
rom week 1 to week 3, stabilized at week 4 to 6 and then fell
rom week 8 returning close to baseline level by week 12. Six
f the nine HHD participants ( 66.6%) and seven of the 13 ( 70%)
HD participants had at least one episode of hyperkalaemia
 K > 6 mmol/l) during the study. Hyperkalaemia was managed
rimarily with dietary education to ensure adherence to the pre-
cribed diet and adjustment of the dialysate concentrate to a
ower potassium concentration. One participant required tem- 
orary short administration of sodium polystyrene sulfonate.
ne participant had one episode of syncope and low blood pres-
ure in their last week on the diet, thought to be related to high
ltrafiltration. There were no hospitalizations during the study. 
Figure 3 presents the mean pre-dialysis serum sodium, cor-

ected calcium, phosphate, and magnesium at each study visit.
here were no clinical changes in serum sodium, corrected cal-
ium, or phosphate levels during the study period. While magne-
ium levels were generally unremarkable throughout the study,
wo participants ( one HHD, one SHD) had one instance of mildly
levated magnesium, and one participant had one instance of
ildly low magnesium during the study period. No interven-

ions were required to manage magnesium levels for these
articipants. 
ost from baseline ( bottom) . 
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Figure 2: Mean pre-dialysis serum potassium ( top right) and proportion of hyperkalaemia ( bottom panel) at each study visit. 

Figure 3: Mean pre-dialysis serum sodium ( top left) , corrected calcium ( top right) , 
phosphate ( bottom left) , and magnesium ( bottom right) at each study visit. 
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In the participants with DM, the mean 12-week HbA1c level 
mproved by 1.2% ( 0.63–1.87, P < .00) versus the baseline level 
ith no hypoglycaemic episodes reported. Transthyretin, an in- 
icator of recent dietary intake, was not different from baseline 
nd week 12 ( mean difference 26.0, 95% C.I. −13.9, 66.5, P = .20) .
ompared to baseline, ketone levels rose from week 1 to 4, and 
hen fell and were not different to baseline from week 6 to 12 
 Supplementary Fig. 2) . Ketone levels were not different between 
HD and the SHD participants ( interaction P = .80) . 
ISCUSSION 

n this study in obese HD patients, a 12-week VLCD resulted in
ignificant weight loss with acceptable safety profile, albeit with 
he need for close dietetic and physician supervision. Partici- 
ants in this study lost on average 0.88 kg per week with a mean
ercentage weight loss of 9.3% at the end of the study period.
eight loss trajectories were greater in those patients treated 
ith home HD compared to those on facility-based HD. This is 
ossibly because the home HD group had a higher average base- 
ine weight compared to those from facility-based HD. While hy- 
erkalaemia occurred at least once in ∼70% of patients, it was 
asily managed with dietary and dialysate potassium adjust- 
ent. The cause of hyperkalaemia was explored on an individ- 
al basis and, while sometimes it appeared to be due to dietary 
ntake and corrected with appropriate education, at times the 
ause was not entirely clear. It is possible that hyperkalaemia oc- 
urred as a result of fasting causing reduced insulin concentra- 
ion and thus reduced cellular uptake of potassium [15 ]. Follow- 
ng the intervention phase, 10 participants achieved the target 
eight for kidney transplant wait listing with all subsequently 
eceiving a kidney graft. 

Weight loss in people with obesity and renal failure can fa- 
ilitate surgical approval to be waitlisted for a kidney transplant.
idney transplantation is considered the most cost-effective 
reatment option for people with ESKD [15 ], and has better qual- 
ty of life outcomes than other treatment options [16 ]. Where 
eight is seen as a barrier to transplantation, VLCD may be 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae217#supplementary-data


Very low calorie diet in patients receiving haemodialysis 7

c
i
s  

i
w  

i
 

s  

t  

r
s

 

(
v  

V
b  

a  

v
v
n
m

 

p  

a
i
t  

c  

a  

2  

u  

t  

m  

w
 

d
b  

p  

t
p  

c  

m  

a

S
S  

A
W  

H

F
T
f
p

D
D  

i

C
T  

t  

b  

f

A
J  

a  

P  

o  

i  

i  

m

R

1  

 

2  

 

3  

 

4

5  

 

 

6  

 

7  

 

 

8  

 

9  

 

1  

1  

 

1  

 

onsidered an appropriate treatment option for people undergo- 
ng haemodialysis. This study demonstrates the feasibility and 
afety of VLCD to achieve clinically significant weight loss facil-
tating kidney transplantation in a subset of participants. The 
eight loss was maintained in the 12 months following the

ntervention. 
The weight loss seen in this cohort appears similar to that

een in previous studies of VLCD in dialysis patients [14 ] and
he CKD population [17 ]. A unique feature of this study is the
elatively large number of participants compared to a previous 
tudy in HD patients, which assessed just five participants [14 ]. 

A particular strength of this study is the high retention rate
 86%) from recruitment to completion of the intensive inter- 
ention period. This is in part credited to the funding of the
LCD products by the nephrology unit, removing any financial 
urden of VLCD on participants, which is a known barrier to
dherence [18 ]. In addition, the high frequency of dietitian re-
iew, allowing for individually tailored troubleshooting and ad- 
ice ( Supplementary Table 2) , and ongoing encouragement from 

ursing staff at each dialysis session assisted in maintaining 
otivation of participants. 
There are limitations to this study. First, while many partici-

ants did report during routine reviews to increase their physical
ctivity levels and some sought guidance from exercise phys- 
ologists, there was no prescribed physical activity component 
o the study. It is recommended to accompany VLCD with exer-
ise to prevent muscle catabolism [18 ], although when ketosis is
chieved during a VLCD it can slow the rate of muscle loss [19 ,
0 ], however, this has not been examined in the dialysis pop-
lation. Finally, we did not measure changes to body composi-
ion as a result of the weight loss. Future studies should consider
easures of muscle mass and muscle strength when aiming for
eight reduction for dialysis patients. 
In summary, VLCD are an effective method for weight re-

uction for people undergoing haemodialysis, where weight is a 
arrier for transplantation. Close clinical monitoring is required,
articularly of serum potassium and fluid status, to ensure pa-
ient safety. Future research into weight reduction methods for 
eople on dialysis with weight as a barrier to transplantation in-
lude exercise prescription, the use of the GLP-1 agonists, and a
easure of frailty, functional capacity, or lean mass at baseline
nd completion of intervention. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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