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Introduction

Chronic kidney disease and renal replacement treatment
In the Netherlands, over one million people are afflicted with chronic kidney 
disease, approximately 9500 patients have a functioning renal transplant, and 
almost 6500 patients are being treated with dialysis1. The majority of patients on 
dialysis are treated with hemodialysis (85 %), and the remainder is treated with 
peritoneal dialysis1,2.

Hemodialysis is a procedure to remove waste products and excess fluid from 
the blood. Worldwide, most hemodialysis patients dialyze thrice weekly for three to 
five hours. This dialysis schedule does not reflect the normal physiological process 
and is associated with substantial fluctuations in the fluid state, electrolytes, and 
acid base parameters3. Higher dialysis doses such as those with more frequent 
and/or longer hemodialysis sessions result hemodynamically more stable dialysis 
sessions, less over-hydration, better metabolic control, and improved quality of 
life3.

Frequent nocturnal hemodialysis, a combination of longer and also usually 
more frequent treatments, results in a much greater weekly removal of waste 
products such as uremic toxins and also facilitates fluid removal. Nocturnal in-center 
hemodialysis is an alternative for patients who have medical and/or social needs for 
nocturnal hemodialysis but, for one reason or another, cannot be treated at home. 
Most patients receiving nocturnal in-center hemodialysis are dialyzed three to four 
nights per week whereas the majority of nocturnal home hemodialysis patients 
dialyze five to six nights per week. Nocturnal hemodialysis is primarily performed 
with a single needle and with reduced blood and dialysate flows of 150 and 300 
ml/min, respectively. In contrast, most patients on conventional hemodialysis are 
on a thrice weekly, four hour dialysis schedule with double-needle and blood and 
dialysate flows of 250-350 and 500-700 ml/min, respectively. 

The training period for home hemodialysis is approximately 12 weeks during 
which the patient learns to operate the dialysis machine, puncture the vascular 
access, solve problems, and anticipate calamities. It is recommended that the 
patient has at least one month of experience with day-time home hemodialysis 
before beginning the training for nocturnal home hemodialysis. Most patients 
on nocturnal home hemodialysis have a spouse that assists with the treatment, 
however, the patient can also individually perform this treatment.

Nocturnal hemodialysis benefits patients in several different ways including 
less disruption of daytime activities and no disruptions of meals by the daytime 
hemodialysis sessions4-7. In most patients, uremic and dialysis-related symptoms 
diminish considerably within one week after the initiation of nocturnal hemodialysis 
treatment4. In virtually all patients, less medication is required after the conversion 
from conventional to nocturnal hemodialysis. In particular, phosphate binders can 
be reduced or discontinued7,8. The same applies to antihypertensive medication 
which is most likely a result of better volume control7,9. Various studies showed 
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that the quality of life improves after conversion to nocturnal hemodialysis4,10,11. 
Therefore, it is not unexpected that the vast majority of patients do not want 
to return to conventional hemodialysis once nocturnal hemodialysis has been 
initiated4.

Nutritional status
Hemodialysis patients experience diminished physical functioning with a loss 
of muscle mass and adipose tissue12,13 as well as an increased prevalence of 
malnutrition which is a major predictor of mortality and morbidity in hemodialysis 
patients14. The cause of malnutrition in hemodialysis patients is multi-factorial. 
First, reduced appetite and food intake15-17 play an important role in part due to 
various dietary restrictions, e.g., sodium, potassium, phosphate, and fluid18,19. 
The use of phosphate binders during meals can also negatively affect appetite6,7. 
Second, factors such as reduced physical activity, chronic inflammation, increased 
energy expenditure, fatigue, nausea, xerostomia, metabolic acidosis, and comorbid 
conditions contribute to malnutrition in this patient group13,14,20. Third, some 
patients are not able to shop for or prepare food19,20. Fourth, the dialysis procedure 
itself may have a role in protein energy wasting since hemodialysis may remove 
important nutrients such as amino acids21 and is an inflammatory trigger that may 
negatively affect nutritional status20,22. Finally, the hemodialysis procedure appears 
to increase the resting energy expenditure by unknown mechanisms23.

Most hemodialysis patients have reduced physical activity and develop 
muscle atrophy over time12,13. However, even after controlling for reduced physical 
activity, muscle atrophy is still more severe in hemodialysis patients compared 
with healthy controls13  (Figure 1).
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Figure 1.  A model of the many factors that may lead to malnutrition in  
hemodialysis patients.

There is no ‘gold standard’ for the assessment of nutritional status in hemodialysis 
patients. In clinical practice, a combination of parameters is used including dietary 
assessment, Subjective Global Assessment, anthropometry (dry body weight, 
body composition measured with bio-electrical impedance analysis, dual-energy 
X-ray absorptiometry, etc.), normalized protein catabolic rate, serum albumin and 
pre-albumin, and serum cholesterol18. 

Several studies suggest that prolonged hemodialysis sessions, either at home 
or in-center, may improve clinical outcomes24-27 and nutritional status6,7,28. Receiving 
dialysis during the night may also facilitate a more ‘normal’ circadian rhythm with 
fewer disturbances in the eating pattern. Diet and fluid restrictions are usually 
less stringent in nocturnal hemodialysis patients compared with patients on 
conventional hemodialysis which is a result of the more intensive dialysis schedule. 
Nocturnal hemodialysis patients use significantly less or no phosphate binders, 
and this may also result in a better appetite6,7. All of these factors may alter the 
pattern of food consumption after the transition from conventional hemodialysis 
to nocturnal hemodialysis. 

The health-related quality of life seems to improve following the conversion 
from conventional hemodialysis to nocturnal hemodialysis as indicated by several 
studies, e.g., in the areas physical functioning, pain index, vitality, emotional 
and social functioning, health perceptions, and physical role4,10,26. Appetite is an 
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important determinant of quality of life16 and most patients report an increase in 
appetite after the transition from conventional to nocturnal hemodialysis6,7. 

Dietary treatment
Malnourished hemodialysis patients require regular dietary counseling by a 
dietician who can tactfully eliminate barriers to adequate food intake (e.g. poor 
appetite, knowledge, expensive foods, not being capable of shopping) and 
make recommendations to optimize the dietary intake of protein and energy19. 
Hemodialysis patients usually have regular contact with the dietician every 
four to six weeks. During these visits, the nutritional status is evaluated by 
discussing appetite, monitoring weight, and examining laboratory results. Dietary 
restrictions on sodium, potassium, phosphate, and fluid intake are necessary for 
adequate metabolic control and may help prevent pruritus, bone-mineral disease, 
cardiovascular diseases, hemodynamic instability, disequilibrium, and sudden 
death by hyperkalemia18. However, at the same time, these restrictions may affect 
the intake of various nutrients including protein. Dietary counseling is crucial to 
maintain optimal nutrition intake despite all of the dietary restrictions20,29. 

Before beginning nocturnal hemodialysis, patients receive additional 
information on (changes in) the diet that occur following the transition to 
nocturnal hemodialysis. Advice regarding energy intake, protein intake, and 
sodium restriction are basically unchanged. Potassium restriction is less strict or 
even suspended depending on the laboratory measurements and the frequency 
of nocturnal hemodialysis. The dose of phosphate binders is usually halved or 
completely discontinued by the nephrologist on the day of the transition to 
nocturnal hemodialysis. There are currently no specific fluid guidelines for the more 
intensive hemodialysis modalities. Fluid restriction, according to the European best 
practice guidelines, is 500 - 1000 ml per day in addition to the daily urine volume. 
Additionally, a 4% to 4.5% weight gain in proportion to dry weight is considered 
acceptable in patients with an optimal nutritional intake and salt restriction18,30 
(Table 1). 
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Table 1.  Dietary recommendations in patients on conventional and nocturnal 
hemodialysis.

Conventional 
hemodialysis#

Nocturnal 
in-center 
hemodialysis

Nocturnal home 
hemodialysis

Energy 30-40 kcal/kg IBW 30-40 kcal/kg IBW 30-40 kcal/kg IBW

Protein 1.1 g/kg IBW/day 1.1 g/kg IBW/day 1.1 g/kg IBW/day

Sodium 2000 - 2300 mg 2000 - 2300 mg 2000 - 2300 mg

Fluid 500 - 1000 ml (+ 
daily urine output)
<4-4.5% IDWG/
DBW

Less strict Less strict

Potassium 1950 - 2730 mg Less strict Less strict or no 
restriction

Phosphate 800 - 1000 mg Less strict or no 
restriction

Less strict or no 
restriction

Phosphate 
binders

Most patients need 
phosphate binders

Halve the amount Usually no need 
to use phosphate 
binders 

Abbreviations: IBW: ideal body weight; IDWG: interdialytic weight gain; DBW: 
dry body weight. # European best practice guidelines on nutrition, 200718. 

Interdialytic weight gain (IDWG) is primarily the result of salt and water intake 
between dialysis sessions which directly reflects the compliance with diet and fluid 
restriction31,32. Several authors have indicated that high sodium concentrations 
should be avoided in patients on nocturnal hemodialysis since it could induce 
thirst and lead to an increased IDWG33,34. However, studies investigating the optimal 
sodium concentration in nocturnal hemodialysis are lacking.

Several studies showed that a higher IDWG is associated with higher 
predialysis blood pressures and increased mortality rates35-39. IDWG is also 
increasingly recognized as an indicator of nutritional status32,40,41. A decrease in 
IDWG is expected after the conversion to nocturnal hemodialysis36, however, in 
contrast, most studies reported an increase in IDWG normalized for the frequency 
of dialysis per week5,25,42 probably as a result of more liberal fluid intake33. 

Aim and outline of this thesis
The aims of this thesis are to describe the effects on nutritional status and body 
composition following the transition from conventional hemodialysis to nocturnal 
hemodialysis and to explore the relation between IDWG and nutritional status. 

In Chapter 2, we study whether food preference differs between nocturnal 
home hemodialysis patients and those on conventional hemodialysis. In this 
study, food preference is used as an indicator of taste perception. A decreased 
appetite in hemodialysis patients may be an important factor in the development 
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of malnutrition. In chapter 3 we study whether the transition from conventional 
hemodialysis to nocturnal hemodialysis has an effect on protein intake. Chapter 4 
describes the effect of one year of nocturnal hemodialysis on body composition, 
in particular on total mass, fat mass, and fat-free mass. Patients who made the 
transition to nocturnal hemodialysis are compared with patients that continued 
to receive conventional hemodialysis. In chapter 5 we put our findings into 
perspective with the current state of literature by performing a systematic review 
on the effect of nocturnal hemodialysis on protein intake, body composition, 
laboratory indices of nutritional status, and body composition. In chapter 6, we 
explore the determinants and consequences of IDWG in detail. We aimed to identify 
the major determinants of a high IDWG and its effect on nutritional parameters 
and blood pressure. In chapter 7, we summarize the previous studies, discuss the 
primary findings, offer recommendations for future research, and highlight the 
practical application of our findings. 
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Abstract

Objectives: Dialysis patients frequently report a change of taste that is reversible 
after renal transplantation, suggesting that uremic toxins may negatively influence 
taste. Currently, frequent nocturnal home hemodialysis (NHHD) is the most effective 
method of hemodialysis, and is associated with the lowest levels of uremic toxins. 
We studied preference for various foods as an indicator of taste perception. We 
questioned whether food preference differs between NHHD patients and those on 
conventional hemodialysis.
Design and patients: In this transverse, cross-sectional pilot study, we assessed 
food preference by means of a questionnaire for patients on NHHD (n=6; 8 hours 
of dialysis per night, for 5 or 6 nights a week) and 3 age-matched and sex-matched 
control groups: chronic home hemodialysis patients (HHD; n=9; 4 to 5 hours of 
dialysis per day, 3 days a week), chronic in-center hemodialysis patients (CHD; 
n=18; 4 to 5 hours of dialysis per day, 3 days a week), and healthy control subjects 
(HC; n=23). 
Results: Mean scores for food preference did not differ between the groups 
(P=0.32). Similarly, the preference for product groups did not differ between 
groups. On an individual product level, we found only minor differences. The NHHD 
patients had a preference for savory snacks, as did the HC and the CHD groups, 
whereas the HHD group had a preference for sweet snacks (P<0.05). Hemodialysis 
patients reported dry mouth more often than did the HC (P<0.05). 
Conclusion: Frequent NHHD has no major impact on food preference. The 
change in taste reported by NHHD patients is not related to their particular food 
preferences.
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Introduction

Malnutrition in hemodialysis patients is associated with a higher morbidity and 
mortality rate1,2. The cause of malnutrition is multifactorial. Contributing factors 
are higher energy-needs, chronic fatigue, the dialysis process itself, and reduced 
food intake3. Reduced food intake can have many causes, such as fewer eating 
moments on dialysis days because of the dialysis time and possible sickness during 
or after treatment, fatigue and nausea as a result of the hemodialysis itself, dietary 
restrictions, xerostomia, and reduced taste perception. Hemodialysis patients 
frequently report a change in taste. Based on clinical impression, this change in 
taste is reversible, because taste usually normalizes after renal transplantation4. 
This finding suggests that uremic toxins accumulate as a result of renal failure, and 
negatively influence taste perception4. 

Frequent nocturnal home hemodialysis (NHHD) is currently the most effective 
method of hemodialysis and is associated with low blood levels of uremic toxins. 
The majority of patients gain weight, have higher protein intake, and report an in-
crease in appetite after the transition from conventional hemodialysis to NHHD5-7.  
This could be due to several factors, e.g., less postdialysis fatigue and nausea, 
more time to eat during the day, fewer dietary restrictions, and improved physical 
condition. At present it is unclear whether an improvement in taste perception 
may play a role5. 

Previous studies on taste perception focused predominantly on taste 
thresholds3,8-10. Thresholds for sweet and sour stimuli were mostly increased, which 
led to the conclusion that dialysis patients are less sensitive to sweet and sour 
tastes9,11. Interestingly, Burge et al. showed that thresholds may even differ before 
and after a dialysis treatment9. Shepherd et al. also tested taste before and after 
hemodialysis, and observed a decreased preference for salt after dialysis sessions10. 
Measuring thresholds can be useful for detecting changes in taste, but the 
threshold level is not necessarily related to a preference for certain food products. 
For instance, a patient may have an increased taste threshold for sweet, but may 
still have a preference for sweet foods.

An alternative approach to studying taste perception is to measure the 
preference for food products directly. This has its advantages: the preference for 
food products is relatively easy to measure, and is less time consuming for the 
patient. In addition, a preference for food products may be a better indicator 
of the actual food intake than are taste thresholds. Dobell et al. developed a 
food-preference questionnaire, and observed that sweet products, vegetable 
products, red meat, fish, and chicken-products are considered less preferable by 
hemodialysis patients, compared with control subjects12. Product appreciations 
were used as indicator-variables. Here, we followed the concept of Dobell et al12. We 
questioned whether food preference differs between patients on NHHD and those 
on conventional hemodialysis, as well as healthy control subjects. We addressed 
this question in a pilot study with a cross-sectional study design. 
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Patients and Methods

Patients
The study population consisted of four groups: (1), a group of NHHD patients 
(n=6) (8 hours of dialysis per night, for 5 or 6 nights a week); (2), an internal control 
group of chronic home hemodialysis patients (HHD) (n=9) on a conventional 
hemodialysis scheme (4 to 5 hours of dialysis per day, 3 days a week); (3), an 
internal control group of chronic in-centre hemodialysis patients (CHD) (n=18) 
on a conventional hemodialysis scheme (4 to 5 hours of dialysis per day, 3 days a 
week); (4), an external group of healthy controls (HC) (n=23). Subjects in the CHD 
group were matched with the NHHD group for gender, age, and dialysis vintage. 
The HC group was matched with the NHHD group for gender and age. The HHD 
group could not be fully matched because of its relatively small size. All dialysis 
patients were treated by the same group of nephrologists and dieticians.

Exclusion criteria used for all groups were: short life expectancy (less than 6 
months), absence of informed consent, acute intercurrent illness, and the use of 
any medications known to influence taste13. 

The selected patients were asked to participate in the study by letter, with 
oral clarification by the investigators. Written informed consent was obtained 
from all participating patients. Ten NHHD patients were asked to participate, but 2 
patients were transplanted before the start of the study, and one patient refused 
to participate. Of the remaining 7 patients, one was excluded because he used a 
medication that influenced taste. 

Therefore, the final NHHD study group consisted of 6 patients. Sixteen HHD 
patients were asked to participate. Six of these patients refused to participate, 
and one used a taste- influencing medication. The final HHD group consisted of 
9 patients. Twenty-three CHD patients were asked to participate. Four patients 
refused to participate, or were unable to participate because of language 
barriers. Of the remaining patients, one was excluded because of the use of a 
taste-influencing medication. The CHD group, therefore, contained 18 patients. 
Twenty-four HC were asked and, all agreed to participate in the study. One HC 
was excluded because of the use of a taste-influencing medication. The HC study 
group consisted of 23 subjects. 

The study was performed in accordance with the principals of the Declaration 
of Helsinki and Guidelines for Good Practice.

Questionnaire
A food-preference questionnaire was developed. This questionnaire was based 
on the questionnaire of the Australian study by Dobell et al12. Commonly used 
Dutch food products were used for the questionnaire. In the initial phase of the 
questionnaire, a study of test-retest reliability was performed on 20 hemodialysis 
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patients. Only products with an intraclass correlation coefficient greater than 0.7 
were included in the final version of the questionnaire.

The questionnaire consists of three parts: (1), demographic data, medication 
use, comorbidity, and medical history; (2), preference for food products, i.e., 
subjects were asked to rank 62 products on a 7-point scale, ranging from “dislike 
extremely” (1) to “like extremely” (7) (an example is given in Fig. 1); and (3), general 
questions related to taste and smell, such as preference for a hot meal versus a 
bread meal, savory versus sweet snacks, and complaints of dry mouth. 

All participants were asked to fill out the questionnaire once. In order to 
standardize the interval between previous dialysis and the questionnaire, as well 
as the time of the day at which the questionnaire was filled out, we instructed 
patients as follows: NHHD patients were asked to fill out questionnaires on the 
morning after a nondialysis night; HHD and CHD patients were asked to fill out 
questionnaires on the morning of a nondialysis day; the HC group was asked to fill 
out the questionnaires in the morning. 

For all patients, equilibrated Kt/V (eKt/V) and normalized Protein Catabolic 
Rate (nPCR, normalized grams of protein/ kg /day) were measured within 3 months 
before or after the questionnaire. 

Figure 1. Hedonic scale for food preference, modified from Dobell et al.12 

How 
do you 
like?

Dislike 
ex-
tremely

Dislike 
much

Dislike 
slightly

Neutral Like 
slightly

Like 
much

Like ex-
tremely

Never 
tried

Carrots ❑ ❑ ❑ ❑ ❑ ❑ ❑ X

Peanut 
Butter

❑ ❑ X ❑ ❑ ❑ ❑ ❑

Ice 
cream

❑ ❑ ❑ ❑ ❑ X ❑ ❑

Statistical analysis
First, comparisons between the research groups were made on a food-product 
level, e.g., a comparison of the preference for carrots between study groups. In a 
second analysis, food products were classified into different flavor groups (sweet, 
sour, salty, and bitter) and food-product groups (meat, poultry, fish, vegetables, 
fruit, and dairy). In this analysis, the overall preference for flavor groups and food-
product groups was compared between study groups.

Data were analyzed using Statistical Package for the Social Sciences, version 
12.0 (SPSS, Inc., Chicago, IL). Associations between nominal variables were tested 
using the χ2  test. The Mann-Whitney test was used to assess differences in food 
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preference between two groups. The Kruskal-Wallis test was used for multiple 
comparisons between groups. The Spearman rank-correlation coefficient was used 
to study the associations between different parameters. P<0.05 was considered 
significant.

Results
Table 1 summarizes the demographic and clinical characteristics of the four groups. 
No differences were found between the groups for all variables except Kt/V and 
nPCR, which were higher in the NHHD group compared with the HHD and CHD 
groups (P<0.05). 

 
Table 1: Demographic and clinical characteristics of the subjects

NHHD 
(n = 6)

HHD 
(n = 9)

CHD 
(n = 18)

HC 
(n = 23)

P

Female (%) 33 44 28 26 0.77

Age (y) 60±9 61±14 60±8 57±7 0.70

Dialysis vintage (y)  5±4 5±3 5±3 - 0.97

Smoking (%) 0 44 22 35 0.23

Dental prosthesis (%) 17 67 44 26 0.11

Previous Radiation in 
head/neck region (%)

0 11 0 0 0.15

Previous CAPD/CCPD 
(%)

50 11 50 - 0.13

Previous renal 
transplantation (%)

17 22 11 - 0.75

Kt/V (weekly) 7.5±2.0 4.1±0.3 4.1±0.7 - 0.00

nPCR (gr. protein/kg/d) 1.3±0.2 0.9±0.2 1.0±0.2 - 0.02

Data represent mean±SD, unless stated otherwise.

NHHD: nocturnal home hemodialysis; HHD: home hemodialysis; CHD: in-
center hemodialysis; HC: healthy controls; CAPD/CCPD: continuous ambulant 
peritoneal dialysis/continuous cyclic peritoneal dialysis; nPCR: normalized 
Protein Catabolic Rate.
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Table 2: Differences in food preference scores

NHHD (n = 6) HHD (n = 9) CHD (n = 18) HC (n = 23)

Chicken filet 4.8±0.5 1,2,3 5.9±0.9 1 5.4±1.3 2 5.6±1.1 3

Mature cheese 4.5±0.8 1,2,3 5.4±1.7 1 5.9±0.8 2 5.4±1.7 3

Jam 4.7±1.0 2 5.3±1.1 5.6±0.9 2 5.4±1.0

Crisp bake 4.5±0.8 2 5.2±1.0 5.6±1.2 2 5.2±1.1

Beer 3.0±1.6 3 4.8±2.9 3.9±2.0 6 5.1±2.0 3,6

Pear 5.3±0.8 3 5.9±1.1 5.8±1.0 6,0±0.6 3

Breaded schnitzel 5.2±1.0 3 5.2±1.7 5.4±1.5 5.9±1.3 3

Red wine 2.8±1.2 3 3.8±1.9 4.1±2.3 5.0±1.8 3

Bouillon 5.5±1.4 4.6±1.2 4 5.6±0.9 4 5.3±1.1

Salted peanuts 4.5±1.8 3.7±1.1 4,5 5.0±1.5 4 5.5±1.0 5

Gherkin 5.0±1.3 5.0±1.0 4 5.7±0.8 4,6 5.2±1.0 6

Whipped cream 5.5±1.2 5.3±1.1 4 6.2±0.8 4 5.6±1.1

Milk 5.6±1.5 6.1±1.3 5 5.3±2.0 5.3±1.4 5

Black coffee 3.2±1.5 4.0±2.3 2.8±2.0 6 4.2±1.9 6

Tomato 5.3±2.3 5.8±1.2 4.6±2.1 6 5.9±0.9 6

Grapefruit 4.5±1.4 4.3±2.0 3.4±2.0 6 4.9±1.7 6

Data represent mean±SD.

NHHD: nocturnal home hemodialysis; HHD: home hemodialysis; CHD: in-
center hemodialysis; HC: healthy control subjects.

1-6 P<0.05 significant: 1NHHD vs. HHD, 2NHHD vs. CHD, 3NHHD vs. HC, 4HHD 
vs. CHD, 5HHD vs. HC, 6CHD vs. HC.

Mean (±SD) scores for food preference did not differ significantly (P=0.32) between 
patients on NHHD (5.0±1.3), patients on HHD (5.2±1.5), patients on CHD (5.0±1.6), 
and HC (5.3±1.3). We found no difference in preference for either flavor group 
or food-product group between NHHD and the 3 control groups. On the food-
product level, we found only minor differences, as shown in Table 2. Differences 
were evident between NHHD and HHD patients for chicken fillet and mature 
cheese (P<0.05), between NHHD and CHD for jam, crisp bake and mature cheese 
(P<0.05), and between NHHD patients and the HCs for beer, pear, chicken fillet, 
mature cheese, breaded schnitzel and red wine (P<0.05).

As shown in Table 3, 60% of the NHHD patients preferred savory snacks, which 
was comparable with the CHD patients (56%) and the HCs (83%). Remarkably, only 
11% of HHD patients preferred savory snacks (P<0.05). No differences between 
groups were found for the preference of either a hot meal or a bread meal. 
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Table 3: Preference for type of snacks 

NHHD  
(n = 6)

HHD  
(n = 9)

CHD  
(n = 18)

Control  
subjects  
(n = 23)

Savory snacks (%) 60 11 56 83

Sweet snacks (%) 0 44 11 0

No preference (%) 40 44 33 17

Difference between groups, P<0.05. 

NHHD: nocturnal home hemodialysis; HHD: home hemodialysis; CHD: in-
center hemodialysis.

As shown in Figure 2, we found a significant difference between groups for 
complaints of dry mouth (χ2 =27.94; P<0.05). These complaints were more frequent 
in the 3 dialysis groups, compared with the HC group. 

We found a negative correlation between the preference for the food-product 
group poultry (combination of chicken schnitzel, chicken fillet, and turkey fillet) 
and the eKt/V of all hemodialysis groups (r=-0.5, P=0.007). On the product level, 
there were negative correlations between the eKt/V of all hemodialysis groups and 
the preference for a few individual food items: mashed apples (r=-0.4, P=0.031), 
chicken  schnitzel (r=-0.6, P=0.027), chicken fillet (r=-0.6, P=0.001), and tartar (r=-
0.4, P=0.029).  

Figure 2. Percentages of patients with complaints of dry mouth

NHHD: nocturnal home hemodialysis; HHD: home hemodialysis; CHD: in-
center hemodialysis; HC: healthy control subjects.
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On the food product level, negative correlations with dialysis vintage of all 
hemodialysis groups were found for a few products: chicken fillet (r=-0.4, P=0.034), 
breaded schnitzel (r=-0.4, P=0.028), piece of ham (r=-0.04, P=0.022), and turkey 
fillet (r=-0.4, P=0.051). The preference for the product group fruit correlated 
negatively with age within all research groups (r=-0.3, P=0.033). 

In hemodialysis patients, negative correlations were found between age and 
the preference for a few products: brown bread (r=-0.4, P=0.044), fried pieces of 
breaded whitefish (r=-0.5, P=0.007), and cola (r=-0.5, P=0.004).

Discussion

We found no consistent difference in food preference between patients on 
frequent NHHD and those on conventional hemodialysis or home hemodialysis. 
Thus, the method of hemodialysis does not seem to have a consistent impact on 
food preference. 

We observed no differences in the preference for food-product groups and 
flavor groups between the NHHD and control groups. Only minor differences were 
evident for individual products. These minimal differences for single products 
are probably coincidental. We had hypothesized that NHHD patients would score 
higher on the hedonic food preference scale, but we found the opposite: NHHD 
patients scored lower than the CHD and  HHD patients. Thus, it seems plausible 
that other factors than a change in taste perception may increase food intake. 

The NHHD group most often experienced dry mouth. The probable cause 
for this finding involves the hydration state of these patients. During frequent 
nocturnal hemodialysis, fluid is more easily extracted from the body because of the 
high number of hours on dialysis per week. Therefore, NHHD patients, on average, 
likely have a lower hydration status than do HHD and CHD patients. It is well-
known that xerostomia has a negative influence on taste14,15. Therefore, the finding 
that NHHD patients more often experienced dry mouth may have influenced food 
preference scores in these patients.

The HHD group differed from the other two dialysis groups and from the HC 
group with respect to a lower preference for savory snacks and a higher preference 
for sweet snacks. At present, we do not have an explanation for this observation.

Dobell et al.12 found that red meats, fish and poultry, and eggs are less pleasant 
for hemodialysis patients (n=33) than for continuous ambulant peritoneal dialysis 
(CAPD) patients (n=17). A bigger difference seems to exist in food preference 
between patients receiving CAPD and patients on hemodialysis than between 
patients on different methods of hemodialysis. Dobell et al.12 also found a difference 
between hemodialysis patients and the “healthy” control group (n=30) with 
respect to sweet foods, vegetables, red meats, and fish and poultry. We could not 
confirm this finding. Remarkably, we found a negative correlation between eKt/V 
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and the preference for certain products (in particular poultry products). We have 
no explanation for this finding. 

Within the hemodialysis groups, we found a negative correlation with age for 
three products. Age has an important influence on taste perception. De Graaf et al. 
reported considerable differences between young and elderly subjects regarding 
the sensory perception and pleasantness of food flavours16. Elderly persons seem 
to prefer higher concentrations of food flavors, but the optimal concentration of 
these components in food products for this group is unclear16. 

Our results should be considered preliminary. This study has several 
limitations. First, the study groups are relatively small. Unfortunately, the complete 
lack of data on food preference in NHHD patients precluded a prestudy power 
analysis. Therefore, this study is a pilot study. However, a post-hoc power analysis 
demonstrated a power of 65% in this study to detect a 1.5-point difference and a 
power of 88% to detect a 2-point difference on the 7-point hedonic food-preference 
scale between CHD (n=18, SD=1.575) and NHHD (n=6, SD=1.28) patients. Second, 
taste preference was measured only once in each patient. Taste preferences may 
differ during the day, and may change over time because of intercurrent diseases. 
However, we sought to limit such effects by standardizing the moment at which the 
questionnaire was filled out, and by excluding patients with intercurrent illnesses. 
In addition, the NHHD group was well matched with the CHD and HC groups. 

Olfactory function is also important in relation to taste. We did not include 
tests for olfactory function in this study. A decrease in odor perception was evident 
in elderly persons with poor health, and in malnourished people. Several studies 
of odor perception in dialysis patients used smell-detection thresholds17,18. Van 
Griep et al. showed that odor perception correlated positively with creatinine 
clearance. A negative correlation was found between odor perception and serum 
concentration of urea, serum phosphorus, and protein catabolic rate17. Frasnelli 
et al. also observed impaired recognition of odors in patients with chronic renal 
failure as compared with healthy people19. 

Taste preference is difficult to define. It indicates an appreciation for something, 
and the decision to choose something. “Taste preference” suggests that, in general, 
one probably eats more of something that one finds tasty, although one may 
well realize that it is better not to eat too much of it. The CHD group scored the 
products higher on the hedonic scale, but this does not necessarily imply that they 
will eat more of it because of adherence to dietary restrictions and/or impaired 
appetite. Appetite is not the same as food preference. Many factors may influence 
the taste of hemodialysis patients, such as xerostomia or deficiencies of certain 
vitamins and trace elements8. Other side effects of dialysis, such as dry mouth, 
thirst, impaired sweet and salty taste, and abnormal sensitivity, can also affect 
taste10-12,20-22. Uremia is known to be associated with poor appetite and malaise. 
The loss of hunger sensation and appetite and the development of anorexia 
during dialysis can be explained by numerous causes, such as inadequate dialysis, 
unpalatable or inadequate diets, medications, psychosocial and socioeconomic 
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factors, acidosis, depression, and low physical activity. Most of these factors are 
difficult to alleviate3,23. The NHHD patient has fewer dietary restrictions and uses 
fewer medications, such as phosphate and potassium binders, that can affect 
appetite. 

In conclusion, the method of hemodialysis does not seem to have a consistent 
impact on food preference. The change in taste reported by NHHD patients is not 
related to preference for foods.
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Abstract

Background: Malnutrition is an important cause of the excessive morbidity and 
mortality rate of dialysis patients. Frequent Nocturnal Home Hemodialysis (NHHD) 
has many benefits compared with conventional thrice-weekly hemodialysis (CHD), 
due to the virtual absence of dietary restrictions and a much higher overall dialysis 
efficiency. In this observational study, we investigated whether these benefits of 
NHHD translate into an improved nutritional intake, with a special emphasis on 
protein intake.  
Methods: We prospectively assessed the effect of the transition of CHD to NHHD 
on nutritional intake (5-day dietary intake journal), normalized protein catabolic 
rate, and anthropometric parameters in 15 consecutive patients who started 
NHHD in our center between 2004 and 2009 and completed at least 8 months of 
follow-up. Data were collected before the transition from CHD to NHHD and 4 and 
8 months after the transition. 
Results: Protein intake, as measured by both dietary intake journal and normalized 
protein catabolic rate, increased significantly after the transition from CHD to 
NHHD. Accordingly, phosphate intake increased significantly; however, serum 
phosphate levels did not increase, despite negligible phosphate binder use during 
NHHD. Body mass index and upper arm muscle circumference did not change 
significantly.
Conclusion: The transition from CHD to NHHD has a positive effect on nutritional 
intake, in particular, protein intake. NHHD should be considered in malnourished 
patients on CHD.
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Introduction

Malnutrition is one of the most important causes of the increased morbidity and 
mortality rate of dialysis patients1,2. It is evidenced by a loss in fat mass as well as in 
fat-free mass3,4. There are multiple causes of malnutrition, but a loss of appetite and 
a reduced nutritional intake play an important role2,3,5,6. Dietary advice for protein 
and energy intake is established at 1.1 g/kg ideal body weight (IBW)/day and 30 to 
40 kcal/kg IBW/day, respectively4. However, in clinical practice, these advices are 
difficult to achieve, and many dialysis patients who are prescribed a high-protein 
diet have only modest increases in actual protein intake7.

The transition from conventional hemodialysis (CHD) to frequent nocturnal 
home hemodialysis (NHHD) may have potential benefits with regard to nutrition. 
Patients on NHHD have virtually no dietary or fluid restrictions, use almost no 
medication to regulate phosphate levels, and experience an improvement of the 
quality of life8-11. Some studies have suggested that the nutritional status might 
improve after the transition from CHD to NHHD9,11,12. However, at the time of the 
start of this study, the effect of the transition from CHD to NHHD on nutritional 
status had not been studied in detail. Therefore, we performed this observational 
study to investigate whether the transition from CHD to NHHD is associated with a 
change in nutritional intake, with a special emphasis on protein intake. 

Patients and methods

Study design and participants
We prospectively assessed the effect of the transition of CHD to NHHD on 
nutritional intake, biochemical results, and anthropometric parameters in 15 
consecutive patients who started NHHD in our center between 2004 and 2009 and 
completed at least 8 months of follow-up. Data were collected before and 4 and 8 
months after the transition from CHD to NHHD. Exclusion criteria were absence of 
informed consent and short life expectancy. 

For all participants, we collected demographic data at the start of NHHD, 
the primary renal disease (according to codes of the European Renal Association-
European Dialysis and Transplantation Association), dialysis vintage, and previous 
renal replacement therapy. The study was performed in accordance with the 
principles of the Declaration of Helsinki and Guidelines for Good Clinical Practice. 
Informed consent was obtained from all patients.
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Dialysis regimen
The dialysis treatment of CHD patients consisted of 3 times a week 4 to 5 hours 
of hemodialysis (2 needles). The dialysis scheme during NHHD consisted of 5 or 
6 nights a week 8 hours of hemodialysis during the night (1 needle). During both 
CHD and NHHD, low-flux polysulphon dialysers were used and low-molecular-
weight heparin was used as anticoagulant. Dry weight was evaluated clinically 
(peripheral edema, signs of pulmonary congestion, intra- and interdialytic blood 
pressure course, muscle cramps in combination with the cardiothoracic ratio (CTR) 
on chest X-ray) by the nephrologist.

Dietary consultation
During both the CHD and the NHHD period, patients had regular contact with 
the dietician every 4 to 6 weeks. During these visits, the nutritional status was 
evaluated and changes in weight, laboratory results, and appetite were monitored. 
Before the start of NHHD, patients received additional information on the 
diet after the transition to NHHD. The advice on energy and protein intake was 
unchanged: 30 to 40 kcal/kg IBW/day for energy and 1.1 g/kg IBW/day for protein4. 
Sodium restriction was unchanged at 2,000 to 2,300 mg sodium4. The potassium 
restriction was stopped after the transition to NHHD. Use of phosphate binders 
was discontinued by the nephrologist at the day of the transition to NHHD. The 
advice on fluid intake was less strict after the transition to NHHD, and we advised 
the patients to ultrafiltrate their daily fluid intake during the dialysis session. 

Nutritional intake
Patients were asked to fill out a 5-day food diary. The diary had to include at 
least one weekend day. The diaries were filled out on regular days only, that is, 
not during holidays or during disease periods. Nutritional items were written 
down as part of domestic measures, for example, 1 cup of coffee (125 mL) or 2 
slices of bread brown/white/wholemeal. The diaries were used to calculate energy, 
macronutrient (protein, fat, carbohydrates), and dialysis-related micronutrient 
(sodium, potassium, phosphate) content using a food measurement program 
based on the Dutch food table (Nederlands Voedingsstoffenbestand)13. 

Biochemical measurement
Equilibrated Kt/V was calculated from pre- and postdialysis plasma urea 
concentration, using the Daurgirdas second-generation logarithmic equation14. 
In this formula, K denotes dialyzer clearance of urea, t denotes dialysis time, an V 
denotes volume of distribution of urea. The protein catabolic rate (PCR) and the 
normalized protein catabolic rate (nPCR) were calculated from the increase in urea 
plasma concentration during the interdialytic interval7,14. 

In the nutritional diary week, we measured predialysis plasma levels of 
urea, sodium, potassium, calcium, phosphate, albumin, total cholesterol, high-
density lipoprotein, low-density lipoprotein, triglycerides, and hemoglobin. To 
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interpret (changes in) plasma phosphate and cholesterol levels and hemoglobin 
concentrations, we also recorded the use of phosphate binders (type and dose) 
and the dose of erythropoiesis-stimulating agents (ESA).

Anthropometric measurements
Body mass index (BMI) was calculated as follows: post-dialysis weight (kg)/length 
(m)2 . The interdialytic weight change during CHD and NHHD was measured during 
the same week as the 5-day food diary was recorded by the patient and normalized 
to the weight gain per 24 hours. The mid-upper arm muscle circumference was 
measured according to previously published data15,16 at the first dialysis session 
in the diary week. At baseline and at 8 months of NHHD, a standing chest X-ray 
was performed for the measurement of the CTR as an estimate of (the change in) 
hydration status. These measurements were done by one of the authors (C.F.M.F.) 
who was blinded to the order of the chest X-rays.  

Statistical analysis
All data were analyzed using SPSS 16.0 for Windows (IBM Corp, New York, NY). Data 
are presented as mean (SD), unless otherwise stated. A repeated-measures analysis 
with post-hoc Bonferroni adjustments for multiple comparisons was conducted 
to assess differences between baseline (0 months) and 4 and 8 months after 
the transition to NHHD. If sphericity could not be assumed, Greenhouse-Geisser 
analyses were used. A paired Student t test was used to compare CTR at baseline 
(0 months) and at 8 months of NHHD. Correlations were assessed by the Pearson 
correlation coefficient. A significance level of 0.05 was used for all analyses. 

Results

Patient characteristics
Between April 2004 and September 2009, 23 patients started NHHD in our 
center, and all agreed to participate in the study. A total of 7 patients did not 
complete the 8 months of follow-up on NHHD because of renal transplantation 
(n=3), intercurrent illness (n=3), or death (n=1). One other patient was excluded 
because of participation in a weight loss program after gaining 5 kg (to a BMI of 
38.5 kg/m2) within the first 5 months after the transition from CHD to NHHD. The 
study population for this study consisted of 15 patients. Table 1 summarizes the 
characteristics of these patients at the time of the transition from CHD to NHHD. 
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Table 1. Demographic characteristics at the time of transition from CHD to NHHD.
 

 Number of patients 

Gender (Male/Female) 11/ 4

Age (years), mean (range) 53.4 (28-71)

Dialysis vintage (years), mean (range) 4 (1-11)

Previous peritoneal dialysis, nr of patients (%) 9 (60)

Previous renal transplantation, nr of patients (%) 2 (13)

Primary renal disease, nr of patients (%)
    Adult polycystic kidney disease 
    Glomerulonephritis
    IgA nephropathy
    Primary hyperoxaluria type 1
    Nephrosclerosis
    Atherosclerosis
    Chronic renal failure, etiology unknown

5 (33)
4 (27)
2 (13)
1 (6)
1 (6)
1 (6)
1 (6)

Diabetes Mellitus none

 
Nutritional intake
Table 2 shows the results of the 5-day food intake diaries. Energy intake showed 
a non-significant increasing trend. Protein intake increased significantly from 
baseline to 4 months of NHHD. The individual change in protein intake is shown in 
Figure 1. The change in protein intake varied between patients, but most patients 
showed an increase in protein intake. Carbohydrate intake was stable over time 
and fat intake increased non-significantly (Table 2). Sodium intake did not change, 
but potassium and phosphate intake increased significantly after the transition 
from CHD to NHHD. At the same time, the daily doses of phosphate binders 
decreased significantly (P=0.003) from baseline (5.1±5.6 tablets) to 4 months 
(0.1±0.5 tablets), and to 8 months (0.3±1.3 tablets). Phosphate supplementation 
during hemodialysis was needed in 8 of the 15 patients while on NHHD.
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Table 2. Nutritional intake calculated from the 5-day food diaries. 

N=15 Baseline 
CHD

4 months 
NHHD

8 months 
NHHD

P# Effect size (95% CI 
for difference with 

baseline CHD)$

Energy (kcal) 2003±287 2166±298 2183±388 0.088

Protein  
(g/day)

80±11 92±19 89±19 0.023* 0-4 months  
0.2 - 22.8 g/day*
0-8 months  
-4.3 - 21,0 g/day

Carbohydrate
(g/day)

236±44 237±36  252±46 0.369

Fat (g/day) 82±17 91±24 91±29 0.103

Sodium  
(mg/day)

2799±633 3141±869 3066±601 0.136

Potassium
(mg/day)

2822±262 3241±525 3227±634 0.006* 0-4 months 78.1 - 
760.3 mg/day*
0-8 months -0.6 - 
812.2 mg/day

Phosphate
(mg/day)

1401±182 1564±245 1536±299 0.012* 0-4 months 14.1 - 
311.6 mg/day*
0-8 months -44.9 - 
313.6 mg/day

Abbreviations: CI: confidence interval; CHD: Conventional Hemodialysis; 
NHHD: Nocturnal Home Hemodialysis. Mean±SD. 

#Repeated measurements analysis comparing baseline CHD with 4 and 8 
months of NHHD. 

$The effect size is shown only for parameters that changed significantly in the 
repeated measurements analysis. 

*P<0.05. 
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Figure 1. Individual change in protein intake according to the 5-day dietary 
journal. 

Biochemical results
As shown in Table 3, both PCR and nPCR increased significantly after conversion 
to NHHD. The individual change in PCR is shown in Figure 2. Although the change 
in PCR varied considerable between patients, PCR increased in the vast majority 
of patients. As expected, Kt/V increased significantly after the transition to NHHD. 
Likewise, predialysis urea plasma levels decreased significantly. As expected, we 
found a significant correlation between PCR and protein intake, as assessed by the 
5-day food diaries (r=0.51, P=0.000).  
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Table 3. Biochemical results.

N=15 Baseline 
CHD

4 months 
NHHD

8 months 
NHHD

P# Effect size  
(95% CI for  

difference with  
baseline CHD)$

PCR  
(g/day)

80±27 94±22 96±20 0.001* 0-4 months  
(4.7 - 24.7 g/day)*
0-8 months  
(5.3 - 27.0 g/day)*

nPCR  
(g/kg/
day)

1.07±0.27 1.29±0.22 1.30±0.19 0.001* 0-4 months  
(0.04 - 0.4 g/kg/day)*
0-8 months  
(0.4 - 4.14 g/kg/day)*

Kt/V 3.93±1.30 9.24±2.25 8.84±1.59 0.000* 0-4 months  
(3.8 - 6.8)*
0-8 months  
(3.5 - 6.3)*

Predialysis  
urea    
(mmol/l)

24.5±4.4 11.1±3.3 13.3±3.8 0.000* 0-4 months  
(-17.4 - -9.4 mmol/l)*
0-8 months  
(-15.4 - -6.9 mmol/l)*

Sodium 
(mmol/l)

139.3±3.1 139.6±2.6 139.7±3.2 0.919

Potassium 
(mmol/l)

5.16±0.78 4.93±0.34 5.32±0.67 0.113

Calcium 
(mmol/l) 

2.47±0.19 2.49±0.15 2.48±0.11 0.911

Phosphate 
(mmol/l) 

1.64±0.39 1.52±0.32 1.61±0.40 0.565

PTH 
(pmol/l)

34.0±31.6 25.3±27.2 33.7±48.0 0.358

Albumin 
(g/l)

38±4.0 40±3.4 40±4.1 0.232

Cho-
lesterol    
(mmol/l) 

3.4±0.95 4.4±0.91 4.0±0.28 0.050* 0-4 months  
(0.1 - 1.9 mmol/l)*
0-8 months  
(-0.2 - 1.3 mmol/l)

Abbreviations: CI: confidence interval; CHD: Conventional Hemodialysis; 
NHHD: Nocturnal Home Hemodialysis. Mean±SD. 

#Repeated measurements analysis comparing baseline CHD with 4 and 8 
months of NHHD. 

$The effect size is shown only for parameters that changed significantly in the 
repeated measurements analysis. *P<0.05.
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Plasma sodium, potassium, calcium, phosphate, albumin, and parathyroid hormone 
levels did not change during the observation period. Total cholesterol increased 
from baseline to 4 months. Because sevelamer has a cholesterol-lowering effect17,18, 
we studied the correlation between plasma cholesterol levels and sevelamer dose. 
We found a negative correlation (r=-0.302) of borderline statistical significance 
(P=0.052).

Hemoglobin levels increased nonsignificantly (P=0.336) from baseline 
(7.4±0.68) to 4 months (7.7±0.83), and to 8 months (7.9±1.39). In contrast, at the 
same time, the weekly darbepoetin dose fell (P=0.053) from baseline (39.3±24.9) 
to 4 months (30.1±20.6), and to 8 months (27.1±20.2). 

Figure 2. Individual change in PCR.
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Anthropometric measurements
As shown in Table 4, post-dialysis weight and BMI did not change significantly in 
the first 8 months after the transition to NHHD. The course of body weight showed 
considerable interindividual variation, as shown in Figure 3. The mid-upper arm 
muscle circumference did not change significantly (Table 4). The interdialytic 
weight change per 24 hours increased significantly from baseline to 8 months of 
NHHD. The CTR decreased significantly (P=0.042) from baseline (0.50±0.063) to 8 
months of NHHD (0.48±0.064). 

Table 4. Anthropometric measurements.

N=15 Baseline 
CHD

4 months 
NHHD

8 months 
NHHD

P# Effect size (95% CI 
for difference with 

baseline CHD)$

BMI 26.1±4.8 26.2±5.0 26.6±5.3 0.138

Post-dialysis    
weight (kg)

83.4±16.8 83.6±17.1 84.8±17.8 0.183

MUAMC (cm) 27.0±4.2 27.4±4.4 27.4±4.1 0.392

Interdialytic  
weight 
change 
(kg/24h)

1.2±0.7 1.5±0.6 1.7±0.6 0.034* 0-4 months  
(-0.3 - 0.9 kg/24h)
0-8 months  
(0.02 - 1.1 kg/24h)*

Abbreviations: CI: confidence interval; CHD: Conventional Hemodialysis; 
NHHD: Nocturnal Home Hemodialysis, MUAMC: mid upper arm muscle 
circumference. Mean±SD. 

#Repeated measurements analysis comparing baseline CHD with 4 and 8 
months of NHHD. 

$The effect size is shown only for parameters that changed significantly in the 
repeated measurements analysis. 

*P<0.05. 
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Figure 3. Individual change in post-dialysis body weight.
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Discussion

This study shows that protein intake increases after the transition from CHD 
to NHHD. This was consistently shown by 5-day dietary journals and the nPCR. 
Other changes in nutritional intake included significant increases in potassium 
and phosphate intake and a nonsignificant increase in fat intake. The increase in 
protein intake was not accompanied by significant increases in postdialysis body 
weight, BMI, or upper arm circumference over an eight-month period.

Other studies have shown that it is difficult to increase the energy and protein 
intake in dialysis patients. Kloppenburg et al. found that prescribing a high-
protein diet in patients on CHD resulted in only modest increases in actual protein 
intake7. The patients who started NHHD in our center were mostly in a reasonable 
nutritional state. As we were aware of the preliminary results from another Dutch 
dialysis center19, we advised our patients to monitor their food intake and try 
not to gain too much weight after the conversion to NHHD. We gave no explicit 
precautionary advices but informed our patients that appetite could improve 
after the transition to NHHD. Notably, the patients in that Dutch NHHD project 
gained, on average, 5 kg in the first year of NHHD19. The increase in protein intake 
in that study was comparable with that in our study and even after 1 year after the 
conversion to NHHD, protein intake was higher compared with the CHD period. 
They found no significant increase in the nPCR of the whole group, but patients 
with a low nPCR (<1.0 g/kg/day) at baseline had a significant increase in nPCR at 1 
year after the transition19. 

In a recent study of 12 patients, Schorr et al. found a modest, although not 
significant, increase in protein intake, assessed by 3-day dietary intake journal, 
during the first 6 months after the transition to NHHD20. 

The increase in protein intake was not accompanied by a significant increase 
in body weight and BMI. This may be due to the relatively short observation period. 
Alternatively, changes in hydration status in the first months after the conversion 
from CHD to NHHD may have camouflaged increases in lean body mass. In other 
words, it is possible that in the first months after the conversion from CHD to NHHD, 
lean body mass increased, whereas post-dialysis weight did not increase, as a result 
of better extracellular volume control. The observation that the CTR decreased 
significantly during the first 8 months of NHHD suggests that this was indeed the 
case in our patients. Notably, the much higher total hemodialysis duration per 
week with NHHD enables a much better control of extracellular volume.  

Patients on NHHD have almost no diet restrictions. The only restriction we 
advised our patients was sodium restriction, as it is useful for blood pressure 
regulation and is still advised after renal transplantation. In line with the increased 
protein intake, phosphate intake increased significantly. Plasma phosphate 
levels, however, did not rise, despite the discontinuation of phosphate binders in 
almost all patients, and 8 of the 15 patients even needed intravenous phosphate 



48 A DIFFERENCE BETWEEN DAY AND NIGHT    

supplementation during hemodialysis while on NHHD. It is possible that the 
cessation of phosphate binders improved appetite and food intake. 

We found a nonsignificant increase in hemoglobin levels in this study, 
whereas at the same time the ESA dose decreased. Although this is not a uniform 
finding, a few other studies have documented reduced ESA dosages during NHHD 
in comparison with CHD21,22.  The higher hemoglobin level/ESA dose ratio may be 
explained by a lower concentration of uremic toxins as a result of a higher overall 
clearance with NHHD23. 

In this study, we used a 5-day food diary to measure food intake. Results 
from self-reported food intake should be interpreted with caution because of 
bias and imprecision, unless independent methods of assessing their validity are 
included24. In our study, nPCR was the independent method that yielded identical 
results. We found a significant correlation between the nPCR and the protein 
intake, as measured by the 5-day dairy, indicating that the diaries were filled out 
adequately. In line with the results from other studies, the changes in protein 
intake measured with the diaries were lower than that by PCR. This is probably due 
to underestimation of dietary intake from self-reported food diaries, as has been 
previously been shown in another study in hemodialysis patients25. 

In conclusion, protein intake increased significantly in the first 4 months after 
the transition from CHD to NHHD. The improved protein intake was maintained 
during the remainder of the observation period from 4 months to 8 months after 
the transition. The transition to NHHD has a positive effect on the nutritional status 
of hemodialysis patients and should be considered in malnourished patients on 
CHD. 

Practical application

This study may have important implications for clinical practice. Patients on CHD 
who are malnourished may benefit from the transition to frequent NHHD. Patients 
on frequent NHHD have almost no dietary restrictions, and this study showed that 
protein intake and nPCR increase significantly.
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Abstract

Background: Hemodialysis patients have a high risk of malnutrition which is 
associated with increased mortality. Nocturnal hemodialysis (NHD) is associated 
with a significant increase in protein intake compared with conventional 
hemodialysis (CHD). It is unclear whether this leads to improved nutritional status. 
Therefore, we studied whether 1 year of NHD is associated with a change in body 
composition.
Methods: Whole body composition using Dual-Energy X-ray Absorptiometry 
(DEXA) and normalized protein catabolic rate (nPCR) were measured in 11 adult 
patients before and 1 year after the transition from CHD (12 hours dialysis/week) 
to NHD (28-48 hours dialysis/week). Similar measurements were performed in a 
matched control group of 13 patients who stayed on CHD. Differences between 
groups were analyzed with linear mixed models. 
Results: At baseline, nPCR, total mass, fat-free mass, and fat mass did not differ 
significantly between the CHD and NHD group. nPCR increased in the NHD group 
(from 0.96±0.23 to 1.12±0.20 g/kg/day; p=0.027) whereas it was stable in the CHD 
group (0.93±0.21 at baseline and 0.87±0.09 g/kg/day at 1 year, n.s.). The change 
in nPCR differed significantly between the two groups (P=0.027). We observed 
no significant differences in the course of total mass, fat-free mass, and fat mass 
during the 1-year observation period between the NHD and CHD groups. 
Conclusions: One year of NHD had no significant effect on body composition in 
comparison with CHD, despite a significantly higher protein intake in patients on 
NHD. 
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Introduction

Hemodialysis patients have a high prevalence of malnutrition and poor physical 
functioning with loss of muscle mass and adipose tissue1,2. Malnutrition in 
hemodialysis patients is multi-factorial, and includes reduced appetite and food 
intake3,4, protein-energy wasting as a result of chronic inflammation1,5, and reduced 
physical activity2.

Frequent nocturnal home hemodialysis (NHHD) is the dialysis treatment with 
the highest weekly clearance of uremic toxins. Nocturnal in-centre hemodialysis 
(NCHD) is an alternative for patients who have medical and/or social reasons for 
more efficient or NHD but do not have the opportunity for home hemodialysis. 

Previous studies showed that protein intake, exercise duration and capacity, 
and the quality of life improve after the transition from conventional hemodialysis 
(CHD) to frequent nocturnal hemodialysis (NHD)6-10. Theoretically, one might 
expect that the combination of an increased protein intake and increased physical 
activity during NHD would result in an increase in muscle mass and, thus, in fat-
free mass. Only a few studies examined changes in body composition after the 
transition to NHD6,11. These studies used bioelectrical impedance analysis6 or skin 
fold thickness11 and did not observe significant changes in body composition. 
Dual Energy X-ray Absorptiometry (DEXA), which is considered as the reference 
method because of its high accuracy12,13, has not been used to study changes in 
body composition after the transition to NHD. 

The goal of this study was to determine whether 1 year of treatment with 
NHD is associated with a change in body composition compared with 1 year of 
continued CHD. 
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Methods

All patients aged ≥18 years on maintenance hemodialysis who were scheduled 
to start on NHD between august 2008 and august 2011 were eligible for this 
prospective observational study. Exclusion criteria were life expectancy <1 year, 
metal implants that interfere with DEXA measurement, and absence of informed 
consent. For each patient who started on NHD a control patient on CHD (matched 
for age, gender, and dialysis vintage) was identified and requested to participate at 
3 months after the transition of the index patient to NHD. 

DEXA whole-body composition scans were performed at baseline and after 
one year with a Hologic Discovery A (Hologic Inc., Bedford, MA, USA). Enhanced 
Analysis Hologic System Software Version 3.3 was used to calculate lean mass 
(LM), fat-free mass (FFM), fat mass (FM), total mass (TM), and bone-mineral content 
(BMC). FFM was computed by adding LM and BMC. To standardize the hydration 
status, DEXA scans were performed 2-3 hours post-dialysis in both groups. 

Patients in the NHD group received 8 hours of single-needle dialysis with 
blood and dialysate flows of 150 and 300 ml/min, respectively. NCHD patients were 
dialyzed every other night and NHHD patients dialyzed 5-6 nights per week. CHD 
patients in the control group were on a thrice weekly 4 hours dialysis schedule 
using double-needle dialysis and blood and dialysate flows of 250-350 and 500 ml/
min, respectively. All patients were dialyzed with low-flux polysulphone dialyzers 
and low-molecular-weight heparin as anticoagulant. 

Dry weight was evaluated clinically (peripheral edema, signs of pulmonary 
congestion, intra- and interdialytic blood pressure course, muscle cramps) in 
combination with yearly pre-dialysis cardiothoracic ratio on chest X-ray as a 
surrogate marker of hydration status. For this study, the cardiothoracic ratios at 
baseline and after 1 year were blindly assessed by one of the authors (C.F.M.F.). All 
patients had regular contact with the dietician every 4-6 weeks in accordance with 
usual clinical practice. 

Patients’ characteristics were assessed at the time of the first DEXA scan. Body 
mass index (BMI) was calculated as: post-dialysis weight (kg)/length (m)2. Pre-
dialysis plasma levels of urea, hemoglobin, and albumin, as well as equilibrated 
Kt/V and normalized (for dry body weight) protein catabolic rate (nPCR) were 
measured at baseline and after 1 year14,15. Residual renal function was defined as 
diuresis >200 ml/24 h.

The null-hypothesis of our study was that there is no difference in the course 
of FFM during 1 year between patients on CHD and those on NHD.

The study was approved by the medical ethics committee of the University 
Medical Center Groningen.
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Statistical Analyses
Data are reported as mean±SD for continuous variables with normal distributions, 
median (interquartile range [IQR]) for skewed variables, and number (percent) for 
categorical data. Comparisons between groups were made with the Mann-Whitney 
U test. Comparisons between baseline and 1-year were made with paired t-test. 

The primary outcomes were changes in LM, FFM, FM, and TM. Secondary 
outcomes were changes in nPCR and albumin. 

Linear mixed models were applied to analyze differences in the course of the 
primary and secondary outcome measurements between the groups16. For each 
of the response (dependent) variables, fixed effects were estimated for the groups 
NHD and CHD, and for time and random effects for patients. Since gender17, age18, 
and dialysis vintage1,19 are known to affect nutritional status and body composition, 
we included these as covariates16. This enabled us to estimate the fixed group and 
time effects controlling for gender, age and dialysis vintage as well as for individual 
patient levels.

All statistical analyses were performed with SPSS version 20 (SPSS inc., IBM 
company, USA) and statistical programming language R (R Development Core 
Team, 2011). Two-tailed P-values <0.05 were considered statistically significant.

Results

Patients characteristics
During the study period, a total of 21 patients made the transition from CHD 
to NHD. Seven of these patients went back to CHD within 3 months after the 
transition because of difficulty with sleeping (n=1), sepsis (n=1), heart failure 
with hypotension (n=4), and renal transplantation (n=1). The remaining 14 NHD 
patients were matched with 14 CHD patients. Three of these 14 NHD patients did 
not complete one year of follow-up on NHD and went back to CHD because of 
miscellaneous reasons: heart failure with hypotension, difficulty with sleeping, and 
newly discovered malignancy. In the CHD group, only 1 patient did not complete 
the 1-year follow-up because of renal transplantation. The patients who dropped 
out of the NHD group were more frequently of male gender (P=0.072) and were 
significantly older (P=0.001), compared with patients that completed 1 year of 
NHD (Supplementary Table 1).

The final study group consisted of 11 patients who completed 1 year of 
NHD. Of these patients, 6 were on NHHD and 5 were on NCHD. The control group 
consisted of 13 patients on CHD (Table 1). 
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Table 1. Patient characteristics.

NHD
(n=11)

Control group 
(n=13)

Gender, female (n) 5 (45%) 5 (38%)

Race (n)
    Caucasian
    Asian
    Black

10 (91%)
1 (9%)

0

11 (84%)
1 (8%)
1 (8%)

Age (years), median (IQR) 41 (36-51) 49 (36.5-66.5)

Dialysis vintage (years), median (IQR) 3 (1-6) 3 (1-5)

BMI (kg/m2), mean±SD 24.7±3.7 25.5±3.9

Diabetes Mellitus (n) 1 (9%) 2 (15%)

CRP (mg/l), median (IQR) 5.5 (5-11.25) 5.0 (5-8)

Residual diuresis (n) 4 (36%) 4 (31%)

Primary renal disease (n)

    ADPKD 1 (9%) 2 (15%)

    FSGS 3 (23%)

    Glomerulonephritis 1 (9%)

    IgA Nephropathy 3 (27%) 1 (8%)

    HUS 1 (9%)

    Urologic cause 2 (18%) 2 (15%)

    Diabetic Nephropathy 1 (9%) 2 (15%)

    Etiology unknown 2 (18%) 3 (23%)

IQR: Interquartile Range; BMI: Body Mass Index; CRP: C-reactive Protein; 
ADPKD: Autosomal Dominant Polycystic Kidney Disease; FSGS: Focal 
Segmental Glomerulosclerosis; HUS: Hemolytic-Uremic Syndrome



57 

Body composition
Gender, dialysis vintage, and to a lesser extent, age influenced body composition 
(Table 2). This indicates that it was appropriate to include these as covariates in the 
linear mixed models.

Table 2. Effects of the covariates in the total study population (n=24).

Gender Age Dialysis vintage

Measurements
Effect 

size
P

Effect 
size

P
Effect 

size
P

BMI (kg/m2) 3.14 0.060 0.04 0.444 -0.60 0.012

CTR 0.01 0.515 0.00 0.781 -0.00 0.747

Lean mass (kg) -11.64 0.000 0.09 0.096 -0.16 0.494

Fat-free mass (kg) -11.99 0.000 0.10 0.081 -0.18 0.469

Fat mass (kg) 14.27 0.001 0.08 0.488 -1.48 0.010

Total mass (kg) 2.28 0.635 0.18 0.220 -1.65 0.018

Fat (%) 16.8 0.000 0.03 0.719 -1.17 0.012

Hemoglobin (mmol/) 0.01 0.955 0.00 0.981 -0.01 0.703

Albumin (g/l) 0.98 0.276 -0.08 0.007 -0.15 0.224

Kt/V 0.69 0.011 -0.01 0.430 -0.03 0.394

nPCR (g/kg/day) -0.04 0.561 0.00 0.456 -0.01 0.282

P value indicates significance of the effect of covariate (gender, age, dialysis 
vintage) on the measurements in the total study population (n=24). BMI: body 
mass index; CTR: cardiothoracic ratio; nPCR: normalized protein catabolic 
rate.

As shown in Table 3, we found no significant differences in the course of body 
mass index and cardiothoracic ratio between the NHD and CHD group. There were 
no significant changes in the course of LM, FFM, FM, TM, and the percentage fat 
between the NHD and CHD group (Table 3, Figure 1). 
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Table 3. Changes in body composition and laboratory measurements.

Mean ±SD
Interaction effects 
between NHD and 
CHD after 1 year

Measurements baseline
After 1 
year

Pa Effect size Pb

Body mass index
(kg/m2)

NHD 24.7±3.7 24.8±3.8 0.753
0.16 0.685

CHD 25.8±3.9 25.8±3.8 0.782

Cardiothoracic 
ratio 

NHD 0.45±0.03 0.45±0.06 0.605
-0.03 0.066

CHD 0.46±0.03 0.48±0.04 0.026

Lean mass (kg) NHD 49.9±8.0 48.6±8.2 0.104
-0.38 0.743

CHD 51.1±7.8 50.2±7.3 0.246

Fat-free mass (kg) NHD 52.3±8.3 50.9±8.5 0.095
-0.38 0.741

CHD 53.5±8.1 52.4±7.6 0.222

Fat mass (kg) NHD 25.3±11.5 26.9±10.5 0.163
1.22 0.368

CHD 24.8±10.4 25.2±9.3 0.606

Total mass (kg) NHD 77.6±12.9 77.8±12.2 0.855
0.83 0.490

CHD 78.2±10.6 77.6±10.8 0.168

Fat (%) NHD 31.8±10.7 34.0±10.0 0.051
1.29 0.362

CHD 31.1±10.5 32.0±8.9 0.352

Hemoglobin 
(mmol/l)

NHD 7.1±0.74 7.5±0.55 0.300
0.45 0.200

CHD 7.3±0.62 7.2±0.35 0.635

Albumin (g/l) NHD 41.4±2.69 42.6±2.07 0.151
1.10 0.236

CHD 39.3±2.59 39.4±2.53 0.877

Kt/V NHD 4.38±0.41 8.11±1.34 0.000
3.87 0.000

CHD 4.42±0.60 4.28±0.53 0.460

nPCR (g/kg/day) NHD 0.96±0.23 1.12±0.20 0.029
0.23 0.027

CHD 0.93±0.21 0.87±0.09 0.358
 

aP value indicates significance of the difference within groups between 
baseline and after 1 year (paired t-tests). bP value indicates significance of 
the difference in the course of variables over 1 year between the two groups 
(linear mixed models). NHD: nocturnal hemodialysis; CHD: conventional 
hemodialysis; nPCR: normalized protein catabolic rate.
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Figure 1. Changes in body composition 
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Lines and error bars indicate mean±SD. The solid line indicates nocturnal 
hemodialysis and the dashed line indicates conventional hemodialysis. 
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Laboratory measurements
At baseline, Kt/V and nPCR did not differ significantly between groups. Both Kt/V 
and nPCR increased significantly in the NHD group, whereas both were stable in 
the CHD group. Courses of Kt/V (P<0.001) and nPCR (P=0.027) differed significantly 
between the two groups (Table 3, Figure 2). The baseline levels and courses of 
albumin (Figure 3) and hemoglobin levels did not differ significantly between NHD 
and CHD patients (Table 3). 

Figure 2. Changes in nPCR 
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Lines and error bars indicate mean±SD. The solid line indicates nocturnal 
hemodialysis and the dashed line indicates conventional hemodialysis.

Figure 3. Changes in albumin 
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Discussion

In this study we found no significant changes in body composition during 1 year of 
NHD despite a significantly higher protein intake in these patients. Therefore, we 
could not reject the null-hypothesis that there is no difference in the course of the 
FFM during 1 year between patients on CHD and those on NHD.

Our results are in line with that of other studies. Recently, Kaysen et al.6 
observed no significant differences in the course of body composition, measured 
with a single-frequency bioelectrical impedance analysis between patients on 
daily hemodialysis and NHD. Spanner et al.11 studied patients on short daily (n=11) 
and NHD (n=12), and observed a significant increase in arm muscle area in the 
short daily hemodialysis group but no significant change in the NHD group during 
18 months of follow-up and LM and FM, measured using skin fold thickness, did 
not change in either group. Notably, single frequency bioimpedance does not 
distinguish between intra- and extracellular fluid, and the measurement of muscle 
area and skin fold thickness is relatively insensitive13.

In this study, protein intake increased significantly in the NHD group whereas 
protein intake did not change in the CHD group. This finding is in accordance with 
the larger study by Kaysen et al.6. Protein intake also increased significantly after 
the conversion from conventional to NHD in two smaller studies7,8. 

The remarkable finding of this study is that protein intake increased 
significantly in the NHD group whereas body composition did not change. The 
same discrepancy was found in the study by Kaysen et al.6. How to explain this 
paradox? Ikizler20 suggested that hemodialysis induces a net protein catabolic 
state at the whole-body level and in skeletal muscle. Various studies indeed 
showed that hemodialysis while fasting is associated with a negative protein 
balance20-22. During NHD, patients are asleep and generally do not eat. It could be 
possible that the significant increase in protein intake in NHD patients is offset by 
increased amino acid loss as a result of more intensive dialysis and/or by increased 
hemodialysis-associated catabolism. Notably, Veeneman et al.23 previously showed 
that consumption of a protein- and energy-enriched meal during hemodialysis 
resulted in a positive protein balance. It is questionable whether a similar 
intervention during nocturnal hemodialysis would result in an increase in FFM. 
Another explanation for the lack of an increase in FFM despite a significantly higher 
protein intake is a lack in physical activity. In a recent study, it was found that NHD 
had no significant effects on physical performance, health, and functioning in the 
NHD compared with the CHD group24. It is conceivable that an increase in physical 
activity is necessary for the higher protein intake to translate into an increase in fat-
free (muscle) mass in NHD patients.

A limitation of our study is the small number of participants in the NHD 
group because of a relatively high drop-out rate. However, the increase in protein 
intake in the NHD patients corresponds well with that found in other studies. NHD 
patients who did not complete the study were significantly older compared with 
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patients who completed the study. Thus, despite the fact that the NHD group was 
enriched for younger (and probably physically more active patients), we still did 
not observe a favorable effect of NHD on body composition parameters like FFM. 
The patients were not randomized between CHD and NHD. However, the inclusion 
of a control group that was matched for important confounders like age, gender, 
and dialysis vintage, reduced bias. The matching for age was not optimal, due to 
the drop out of predominantly older patients in the NHD group. Other limitations 
include that hydration status was assessed clinically and not with a more objective 
measure such as bioimpedance and the absence of tests of physical performance. 

Strengths of this study are the use of DEXA as an accurate and save method 
for the measurement of the change in body composition12,13 and standardization 
of the timing of the DEXA shortly after the dialysis sessions when the patient is on 
dry weight. 

In conclusion, in this relatively small study, 1 year of nocturnal hemodialysis 
had no significant effect on body composition in comparison with CHD patients, 
despite a significantly higher protein intake in NHD patients. 
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Supplementary Table 1: Comparison between NHD patients who completed 1 
year of NHD and those who made a modality switch back to CHD during the 
study period.

NHD Patients who 
completed the 
study  (n=11)

NHD patients 
who dropped out 
during the study 

(n=10)

P

Gender, female (n) 5 (45%) 1 (10%) 0.072

Race (n)
    Caucasian
    Asian
    Black

10 (91%)
1 (9%)

0

11 (100%)
0
0

Age (years), median (IQR) 41 (36-51) 59 (50-71,5) 0.001

Dialysis vintage (years), 
median (IQR)

3 (1-6) 3.5 (2-5) 0.462

BMI, mean±SD 24.7±3.7 28.2±5.6 0.098

Diabetes Mellitus (n) 1 (9%) 2 (20%) 0.476

CRP (mg/l), median (IQR) 5.5 (5-11.25) 
(n=10)

12.5 (5-26.75) 
(n=10)

0.315

Residual diuresis (n) 4 (36%) 1 (10%) 0.157 

Primary renal disease (n)

    ADPKD 1 (9%) 1 (10%)

    FSGS 2 (20%)

    Glomerulonephritis 1 (9%) 3 (30%)

    IgA Nephropathy 3 (27%) 2 (20%)

    HUS 1 (9%)

    Urologic cause 2 (18%)

    Diabetic Nephropathy 1 (9%) 1 (10%)

    Etiology unknown 2 (18%) 1 (10%)

IQR: Interquartile Range; BMI: Body Mass Index; CRP: C-Reactive Protein; 
ADPKD: Autosomal Dominant Polycystic Kidney Disease; FSGS: Focal 
Segmental Glomerulosclerosis; HUS: Hemolytic-Uremic Syndrome.
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Abstract

Background: Hemodialysis patients experience an elevated risk of malnutrition 
associated with increased morbidity and mortality. Nocturnal hemodialysis (NHD) 
results in more effective removal of waste products and fluids. Therefore, diet 
and fluid restrictions are less restricted in NHD patients. However, it is ambiguous 
whether transition from conventional hemodialysis (CHD) to NHD leads to 
improved intake and nutritional status. We studied the effect of NHD on protein 
intake, laboratory indices of nutritional status, and body composition.
Study design: Systematic review with meta-analysis. 
Population: NHD patients.
Search strategy: Systematic literature search from databases, Medline, Cinahl, 
EMBASE and The Cochrane Library, to identify studies reporting on nutritional 
status post-transition from CHD to NHD. 
Intervention: Transition from CHD to NHD.
Outcomes: Albumin, normalized protein catabolic rate (nPCR), dry body weight 
(DBW), body mass index (BMI), phase angle, protein intake, and energy intake. 
Results: Systematic literature search revealed 13 studies comprising 282 patients 
that made the transition from CHD to NHD. Meta-analysis included nine studies in 
229 patients. In control group controlled studies (n=4), serum albumin increased 
significantly from baseline to 4-6 months in NHD patients compared with patients 
that remained on CHD (mean difference 1.3 g/l, 95% CI 0.02; 2.58, p=0.05). In 
baseline controlled studies, from baseline to 4-6 months of NHD treatment, 
significant increases were ascertained in serum albumin (mean difference (MD) 
1.63 g/l, 95% CI 0.73-2.53, p<0.001); nPCR (MD 0.16 g/kg/day; 95% CI 0.04-0.29, 
p=0.01); protein intake (MD 18.9 g, 95% CI 9.7-28.2, p<0.001); and energy intake 
(MD 183.2 kcal, 95% CI 16.8-349.7, p=0.03). Homogeneity was rejected only for 
nPCR (baseline versus 4-6 months). DBW, BMI, and phase angle did not significantly 
change. Similar results were obtained for comparison between baseline and 8-12 
months of NHD treatment. 
Limitations: Most studies had moderate sample sizes; some had incomplete 
dietary records and relatively brief follow-up period. Studies markedly differed 
with regard to study design.
Conclusions: NHD is associated with significantly higher protein and energy 
intake as well as increases in serum albumin and nPCR. However, the data on body 
composition are inconclusive.  
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Introduction

Malnutrition is a frequent problem experienced by hemodialysis patients and 
forms one of the primary causes of the high morbidity and mortality in this patient 
group1,2. Various factors contribute to malnutrition in patients with end-stage renal 
disease, e.g., increased protein and energy requirements3, reduced appetite and 
food-intake1,4,5, protein-energy wasting as a result of chronic inflammation6,7, and 
reduced physical activity8. Frequent nocturnal home hemodialysis (NHHD) is the 
dialysis treatment with the greatest weekly removal of uremic toxins. Nocturnal 
in-centre hemodialysis (NCHD) is an alternative for patients who are not applicable 
for home hemodialysis and have medical and/or social reasons for  nocturnal or 
more efficient hemodialysis.

According to several studies, prolonged hemodialysis sessions, either at home 
or in-center, may improve clinical outcomes9-11. A hemodialysis schedule of three 
times per week of eight hours improved nutritional status, volume status, and 
survival rates12. Nocturnal hemodialysis (NHD) combines the long duration dialysis 
and more frequent treatments which results in ameliorated elimination of waste 
products and fluids. Therefore, diet and fluid restrictions are usually less stringent 
in NHD patients compared with patients on conventional hemodialysis (CHD). 
NHD patients use significantly less or no phosphate binders which may result in 
a revitalized appetite13,14. Receiving dialysis during the night may also facilitate a 
more ‘normal’ day rhythm with less disturbances of eating patterns. All of these 
factors may modify the pattern of food consumption after the transition from CHD 
to NHD.

Current knowledge regarding long-term effects of NHD on nutritional 
status is limited. Therefore, we performed a systematic review on the effect on 
nutritional status with the transition from CHD to NHD. We specifically studied the 
effect of NHD on protein intake, laboratory indices of nutritional status, and body 
composition.
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Methods

Study protocol  and information sources
This systematic review was performed between October 3rd, 2013, and February 
1st, 2014, from databases of Medline, Cinahl, EMBASE, and the Cochrane Library, 
according study protocol. We followed the PRISMA recommendations for reporting 
data and meta-analysis (PRISMA 2009). 

Eligibility criteria
Studies were eligible for inclusion if the following criteria were satisfied: (1) 
nocturnal hemodialysis administered to adults (aged ≥18 years) experiencing 
chronic kidney disease; (2) outcomes of interest are scores relating to the patients 
nutritional status; and (3) full-length articles published between January 1st, 1990, 
and February 1st, 2014, and written in English. Data was required to be obtained 
by original research and not from reviews. Due to an expected minimal number of 
randomized controlled trials (RCT’s), there was no exclusion criterion based upon 
methodology applied to the studies. The selection procedure included RCT’s, 
controlled trials, cohort studies including observational studies with a comparison 
group, case-control studies, and prospective longitudinal studies comparing 
nutritional parameters prior to and following the transition from CHD to NHD.  

Search strategy
Different combinations of terms and ‘strings’ were exploited in order to examine 
the effects of the search strategy. The search strategy for Medline is detailed in 
Table 1. 
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Table 1. Search strategy for Medline  

To locate hemodialysis:

1. Renal Dialysis [Mesh:noexp]

2. Hemodialysis, Home [Mesh]

3. Hemodialysis* [tw]

4. Haemodialysis*[tw]

5. Or/1-4

To locate Nocturnal

6. Nocturnal [tw]

7. Night* [tw]

8. Or/6-7

To locate Nutritional status

9. Malnutrition [Mesh]

10. Nutritional Physiological Phenomena [Mesh]

11. Body weights and Measures [Mesh] 

12. Nutrition [tw]

13. Food* [tw]

14. Protein [tw]

15. Proteins [tw]

16. Energy [tw]

17. Body composition [tw]

18. Or/9-17

19. 5 and 8 and 18
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Study selection and data collection
Two reviewers (SS and AV) separately screened the titles and abstracts of the studies 
that were identified through electronic searching in order to select those that were 
potentially eligible for inclusion. Additional studies were identified through the 
references of the pertinent studies. After the screening, the reviewers discussed 
any variances in the study selection. Studies were determined as definitely eligible 
for inclusion if outcomes were available for laboratory measurements, food intake, 
or body composition in NHD patients. Study details (publication year, study 
design, patients’ characteristics, interventions, and outcomes) were aggregated in 
a standard spreadsheet (Microsoft Corporation, Redmond, Washington, USA) for 
summary and analyses. 

Risk of bias and quality assessment
All full-text versions of potentially relevant studies were independently screened 
by three reviewers (SS, AV, KI) to identify whether studies were definitely eligible 
for inclusion and to assess their quality. Study quality was assessed by employing 
the Newcastle-Ottawa Scale for cohort studies15. The scale consists of three quality 
criteria: selection, comparability, and outcome. The maximal score is 9 points (4 
for selection, 2 for comparability, and 3 for outcome). Study quality was defined 
as poor when the score was 1-3, fair when the score was 4-6, and good when the 
score was 7-9 points. 

Data extraction 
Information was collected of study designs, participant details, exclusion and 
inclusion criteria, interventions, and any comparators and outcomes. The following 
variables were selected after a pilot search and included as outcome variables: 
dry body weight, pre-dialysis weight, post-dialysis weight, dry lean body mass, 
interdialytic weight gain, fat mass, body mass index (BMI), body cell mass (BCM), 
extracellular mass (ECM),  extracellular water (ECW), intracellular water (ICW), 
energy intake, protein intake, carbohydrate intake, fat intake, albumin levels, 
(normalized) protein catabolic rate ((n)PCR), (normalized) protein nitrogen 
appearance ((n)PNA), C-Reactive protein (CRP), bioimpedance phase angle, mid 
upper arm muscle circumference (MUAMC), arm muscle area. 

Statistical analyses
To assess differences in nutritional parameters, albumin, nPCR, dry body weight, 
BMI, phase angle, protein intake, and energy intake between baseline (on 
CHD) and, after a certain duration on NHD, a meta-analysis with a calculation of 
the mean differences with a 95% confidence interval was performed utilizing 
statistical programming language R (R Development Core Team (2014). There were 
two types of studies: ‘baseline controlled studies’ in which parameters at baseline 
and after a certain period on NHD were compared and ‘control group controlled’ 
studies that compared patients who made the transition from CHD to NHD with 
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a control group of patients that remained on CHD. For meta-analyses, data from 
baseline controlled and the NHD-arm of control group controlled studies were 
pooled whenever possible. To assess the differences in albumin between the NHD 
group and the control group, we also performed a meta-analysis (other nutritional 
parameters were assessed in too few control group controlled studies), with a 
calculation of the differences in mean with a 95% confidence interval. 

Meta-analyses were conducted when the results of this parameter were 
available in three or more studies. Studies varied during the intervals wherein 
nutritional parameters were assessed after the transition from CHD to NHD. For 
surveying feasibility, we combined assessments for 4 to 6 months and for 8 to 12 
months following the transition. The weights of the meta-analyses were based on 
the inverse variance method; the heterogeneity parameter (Tau2) for effect size 
was based on restricted maximum-likelihood. The random effects model was 
selected for the mean difference because an omnipresent treatment effect not 
being  identical in size across all of the studies was expected16. Forest plots were 
constructed to summarize the outcome of the meta-analyses. 

Characteristics of the NHD patients and the control groups as described in the 
studies were reported as mean±SD. One study reported the standard error (SE) 
as opposed to standard deviation (SD)14. The original data were kindly provided 
to us by the authors and, consecutively, the SD was calculated from the SE and 
the number of patients (n) as SD=SE*√n. One study had two research groups 
receiving nocturnal HD; one group dialyzed three times per week, and the other 
group dialyzed six times per week17. The data of these two research groups were 
included separately in the meta-analysis. In the meta-analysis for the comparison 
of NHD patients and controls, we primarily included the NHD group that dialyzed 
six times per week. In a separate analysis, we also performed the meta-analyses 
employing the NHD group that dialyzed three times per week instead of the group 
that dialyzed six times per week. This study incorporated two control groups with 
day-time hemodialysis: one group receiving dialysis three times per week for 2.5 to 
4.0 hours and one group having dialysis six times per week for 1.5 to 2.75 hours. In 
our analyses, we only used the control group of three times per week HD because 
this dialysis schedule was most appropriately comparable with other studies. 

Kaysen et al. reported the ePCR while the majority of the other studies reported 
the nPCR17. Upon our request, the authors provided the results of the nPCR17. Since 
one study did not report the results of (the change in) dry body weight in the text, 
these results were estimated from the figure18. 

An influence analysis was a component of each meta-analysis to check 
whether the conclusion critically depends upon the results of a single study. A test 
for funnel plot asymmetry based on the linear regression method was added to 
indicate any risk of bias. Only funnel plots containing outlying studies are shown in 
order to save space. P-values <0.05 were considered statistically significant.
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Results

Search results
The literature search yielded a total of 563 articles: 156 in Medline, 300 in EMBASE, 
40 in Cinahl, and 67 in the Cochrane Library. After screening the titles (of these 563 
articles) 159 manuscripts and 9 references remained from other sources such as 
searching citations and examination of reference lists from relevant studies. After 
eliminating the duplicates, 89 records remained. The abstracts of these articles were 
screened by 3 reviewers (SS, AV, KI). A total of 28 full-text articles were assessed 
for eligibility after which 15 full-text articles were excluded as they did not meet 
the inclusion criteria for original research19-25 or for other reasons, e.g., the focus on 
phosphate control26-29, survival10,30, dialysis efficiency31, and left ventricular mass32. 
Finally, 13 studies were included for this systematic review (Figure 1). Of these, 
four studies were excluded from meta-analysis for different reasons. In one study, 
merely five participants were studied with an observation period of only eight 
weeks33, in one study, no SD’s were available34; in another study, the duration on 
NHD was not clearly stated35. An additional study was excluded because nocturnal 
hemodialysis was performed with online hemodiafiltration36. The remaining nine 
studies incorporated data on one or more nutritional parameters, and these 
studies were included in the meta-analysis of the effect of nocturnal hemodialysis 
on nutritional status (Figure 1). 

Study designs, characteristics, and participants
Table 2 indicates study designs, study characteristics, information on participants, 
and study quality. Detailed results of biochemical nutritional parameters, body 
composition, and food records are summarized in Supplementary Table 1. 
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Figure 1. Selection of articles for the systematic review on nutritional status in 
NHD patients.

Records after duplicates were removed 
(n=89)

Records screened 
(n=89)

Records excluded 
(n=61)
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Three studies excluded patients that had severe co-morbid conditions (for 
example, patients with diabetes mellitus, documented cancer, dementia, cardiac 
angina during the two week period prior to the study, active infections) and other 
relevant conditions such as secondary hyperparathyroidism with need of calcium-
sensitizing therapy, central venous catheter, required erythrocyte transfusion, 
severe arterial hypertension, technical reasons, having pacemakers, or amputation 
of a major limb33,37,38. In another study, an average creatinine and urea clearance >10 
ml/min/1.73m2 were exclusion criteria17. In certain studies, short life expectancy39, 
inappropriate housing and inability to speak English40, lacking the physical ability 
or cognitive function to train for NHD41, as well as the absence of a partner to 
assist with in-home NHD14 were reasons for exclusion. Five studies described no 
specific exclusion criteria18,34-36,42. Major inclusion criteria in all studies were the 
receptiveness to participate and the capability to be trained for NHD. 

Inclusively, in all 13 studies, 282 patients made the transition from CHD to NHD. 
Four of these 13 studies (comprising 168 patients on NHD) had a control group 
of CHD patients (208 patients on CHD)17,37,41,42. The other nine studies (comprising 
114 NHD patients) compared their outcomes to measurements at baseline prior to 
patients beginning NHD14,18,33-36,38-40. The length of the intervention period on NHD 
ranged between eight weeks and three years.

The score on the Newcastle Ottawa Scale for cohort studies ranged from 3 to 
8, one study was considered poor33, seven were considered fair14,18,34,35,38-40, and five 
were considered good17,36,37,41,42. There were no randomized controlled trials.

Biochemical nutritional measurements

Control group controlled studies
Serum albumin was measured in 12 studies. A meta-analysis comparing NHD 
patients and control patients that remained on CHD is performed on the results 
from four studies. A meta-analysis for the comparison of albumin levels at baseline 
(before the transition from CHD to NHD) between NHD patients and CHD patients 
demonstrated no differences (mean difference -0.1 g/l, 95% CI -0.82; 0.61, P=0.78) 
(Figure 2a). Influence analyses and funnel plot indicated no bias (data not shown). 
The meta-analysis of the comparison of the means of three studies that compared 
NHD patients with a follow up period of 4-6 months with control patients that 
continued on CHD for 4-6 months showed a borderline significant increase 
in serum albumin in NHD patients (mean difference 1.3 g/l, 95% CI 0.02; 2.58, 
P=0.05) (Figure 2b). The influence analysis shows a modification in the results after 
removing one particular study (Table 3). The funnel plot indicated no bias (data 
not shown). The meta-analysis comparing NHD patients at 12 months following 
the transition compared with control patients after 12 months of follow-up also 
indicated a significant increase in serum albumin (mean difference 1.57 g/l, 95% 
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CI 0.39; 2.76, P=0.01) (Figure 2c). The influence analysis showed a change in the 
results after omitting a particular study (Table 4). The funnel plot indicated no bias 
(data not shown). 

Table 3. Influence analysis of albumin at 4-6 months of NHD versus controls on CHD.

Mean difference 95% confidence 
interval

P-value

Omitting Kaysen  
(6x per week) (2012)

0.77 -1.36 - 2.91 0.479

Omitting Schorr (2011) 1.59 0.10 - 3.08 0.037

Omitting Spanner (2003) 1.28 -0.07 - 2.63 0.063

Pooled estimate 1.30 0.02 - 2.58 0.046

Table 4. Influence analysis of albumin at 12 months of NHD versus controls CHD.

Mean difference 95% confidence 
interval

P-value

Omitting Demirci (2013) 0.72 -1.11 - 2.55 0.44

Omitting Kaysen  
(6x per week) (2012)

1.09 -1.97 - 4.14 0.486

Omitting Spanner (2003) 1.92 1.01 - 2.83 0.000

Pooled estimate 1.57 0.39 - 2.76 0.009

Identical results were obtained when the meta-analysis comparing albumin levels 
between NHD and CHD control patients was performed with the NHD group that 
dialyzed three times per week instead of the NHD group that dialyzed six times per 
week NHD (Supplementary figures 1). 
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Figures 2. Albumin - control group controlled studies

Figure 2a. Forest plot comparing albumin in NHD patients at baseline (before 
transition from CHD to NHD) and control CHD patients.

Figure 2b. Forest plot comparing albumin in NHD patients after 4-6 months on 
NHD and control CHD patients after 4-6 months follow up.

Figure 2c. Forest plot comparing albumin in NHD patients after 12 months on 
NHD and control CHD patients after 12 months follow up.

Baseline controlled studies
The results of eight baseline controlled studies on albumin are exploited in a meta-
analysis. Serum albumin significantly increased from baseline to 4-6 months NHD 
(mean difference 1.63 g/l, 95% CI 0.73; 2.53, P<0.001) (Figure 3a) and from baseline 
to 8-12 months NHD (mean difference 1.79 g/l, 95% CI 1.14; 2.45, P<0.001) (Figure 
3b). Influence analysis and funnel plots indicated no bias (data not shown). 
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Figures 3. Albumin – baseline controlled studies

Figure 3a. Forest plot comparing albumin in NHD patients at baseline (before 
beginning NHD) and after 4-6 months on NHD. 

Figure 3b.  Forest plot comparing albumin in NHD patients at baseline (before 
beginning NHD) and after 8-12 months on NHD.

Nine studies reported results on nPCR whereby six could be utilized in the meta-
analysis. As illustrated in Figure 4a, nPCR significantly improved from baseline to 
4-6 months on NHD (mean difference 0.16 g/kg/day, 95% CI 0.04; 0.29, P=0.01). The 
homogeneity of effects was rejected in this meta-analysis by a p-value of 0.005. A 
test for funnel plot asymmetry revealed that two studies fell outside the broken lines 
of the funnel plot in the comparison of nPCR between baseline and 4-6 months14,17 
(Figure 4c). The influence analysis showed no changes after the omission of any 
single study. The nPCR also significantly improved from baseline to 8-12 months 
NHD (mean difference 0.15 g/kg/day, 95% CI 0.09; 0.22, P<0.001) (Figure 4b). In 
this analysis, the homogeneity of the effects was not rejected (P=0.35). There 
was neither an outlying study from the funnel plot nor an influential study after 
omitting a single study. 

Figures 2. Albumin - control group controlled studies

Figure 2a. Forest plot comparing albumin in NHD patients at baseline (before 
transition from CHD to NHD) and control CHD patients.

Figure 2b. Forest plot comparing albumin in NHD patients after 4-6 months on 
NHD and control CHD patients after 4-6 months follow up.

Figure 2c. Forest plot comparing albumin in NHD patients after 12 months on 
NHD and control CHD patients after 12 months follow up.

Baseline controlled studies
The results of eight baseline controlled studies on albumin are exploited in a meta-
analysis. Serum albumin significantly increased from baseline to 4-6 months NHD 
(mean difference 1.63 g/l, 95% CI 0.73; 2.53, P<0.001) (Figure 3a) and from baseline 
to 8-12 months NHD (mean difference 1.79 g/l, 95% CI 1.14; 2.45, P<0.001) (Figure 
3b). Influence analysis and funnel plots indicated no bias (data not shown). 
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Figures 4. normalized Protein Catabolic Rate

Figure 4a. Forest plot comparing nPCR in NHD patients at baseline (prior to 
beginning NHD) and after 4-6 months on NHD.

Figure 4b. Forest plot comparing nPCR in NHD patients at baseline (prior to 
beginning NHD) and after 8-12 months on NHD.

Figure 4c. Funnel plot comparing nPCR in NHD patients at baseline (prior to 
beginning NHD) and after 4-6 months on NHD.
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CRP was measured in three studies36-38. Meta-analysis was not performed since 
only two of these studies were appropriate for this analysis. In two studies, CRP did 
not significantly differ between baseline and 12 months on NHD36,38 whereas, in 
another study, CRP decreased significantly from baseline to 12 months on NHD37.  
In the latter study, the course of CRP values did not differ between the NHD group 
and the control group over the course of one year37.

Body composition

All thirteen studies reported data on the course of body weight. Six of these studies 
could be employed for the meta-analysis (Figures 5). Dry (post-dialysis) body 
weight did not change from baseline to 4-6 months NHD (mean difference 0.28 kg, 
95% CI -4.32; 4.88, P=0.9) (Figure 5a) and from baseline to 8-12 months NHD (mean 
difference 1.62 kg, 95% CI -3.70; 6.95, P=0.55) (Figure 5b). Influence analyses and 
funnel plot indicated no bias (data not shown).

Figures 5. Dry body weight

Figure 5a. Forest plot comparing dry body weight (DBW) in NHD patients at 
baseline (prior to beginning NHD) and after 4-6 months on NHD.

Figures 4. normalized Protein Catabolic Rate

Figure 4a. Forest plot comparing nPCR in NHD patients at baseline (prior to 
beginning NHD) and after 4-6 months on NHD.

Figure 4b. Forest plot comparing nPCR in NHD patients at baseline (prior to 
beginning NHD) and after 8-12 months on NHD.

Figure 4c. Funnel plot comparing nPCR in NHD patients at baseline (prior to 
beginning NHD) and after 4-6 months on NHD.
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Figure 5b. Forest plot comparing dry body weight 

(DBW) in NHD patients at baseline (prior to 
beginning NHD) and after 8-12 months on NHD. 

Five studies reported data on BMI. As depicted in Figure 6, BMI did not change from 
baseline to 4-6 months (mean difference 0.37, 95% CI -1.36; 2.09, P=0.68) (Figure 
6a) and from baseline to 8-12 months (mean difference 0.98, 95% CI -0.99; 2.95, 
P=0.33) (Figure 6b). Influence analyses and funnel plot indicated no bias (data not 
shown).

Figures 6. Body mass index

Figure 6a. Forest plot comparing body mass index (BMI) in NHD patients at 
baseline (prior to beginning NHD) and after 4-6 months on NHD.

Figure 6b. Forest plot comparing body mass index (BMI) in NHD patients at 
baseline (prior to beginning NHD) and after 8-12 months on NHD.
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Lean body mass measured with bioimpedance analysis (BIA) was reported in two 
studies. One indicated a significant increase in lean body mass compared with the 
CHD control group after 12 months37. The other showed no significant change in 
lean body mass during an observation period of 12 months17. 

ECW, ICW, ECM, and BCM were measured with BIA in three studies. One 
study reported significant decreases in ECW normalized for weight and in ECW 
normalized for height after 12 months of follow-up compared with the control 
group37. Another study documented that the ratio of the ECM and BCM (ECM/
BCM) decreased significantly from baseline to 12 months on NHD38. The third and 
largest study reported no significant changes in ECW, ICW, and total body water in 
NHD patients during 12 months of follow-up17. Meta-analysis was not performed 
because these studies used different outcome parameters. 

Interdialytic weight was reported in two studies. One showed a significant 
increase from baseline to 8 months NHD39 while the other indicated no change 
between baseline and 12 months of NHD36. 

Three studies measured fat mass. One study denoted a significant increase 
after 12 months on NHD compared with the control group37. Another study 
reported no significant change in the percentage of body fat during one year of 
NHD42. The third study ascertained no change in fat mass during 12 months on 
NHD compared with a control group17. The use of a different measurement of fat 
mass precluded a meta-analysis.

Two studies reported the upper arm muscle area whereby one showed no 
change in MUAMC from baseline to 8 months NHD39. The other study showed no 
change in arm muscle area from baseline to 18 months NHD42. 

Three studies reported phase angle and had divergent outcomes17,37,38. As 
illustrated in Figure 7, phase angle did not significantly change from baseline to 
12 months (mean difference 0.290, 95% CI -0.004; 0.584, P=0.05), although there 
was a positive trend. Influence analysis and funnel plot indicated no bias (data not 
shown).

Figure 7. Forest plot comparing phase angle in NHD patients at baseline (prior 
to beginning NHD) and after 12 months on NHD.

Figure 5b. Forest plot comparing dry body weight 

(DBW) in NHD patients at baseline (prior to 
beginning NHD) and after 8-12 months on NHD. 

Five studies reported data on BMI. As depicted in Figure 6, BMI did not change from 
baseline to 4-6 months (mean difference 0.37, 95% CI -1.36; 2.09, P=0.68) (Figure 
6a) and from baseline to 8-12 months (mean difference 0.98, 95% CI -0.99; 2.95, 
P=0.33) (Figure 6b). Influence analyses and funnel plot indicated no bias (data not 
shown).

Figures 6. Body mass index

Figure 6a. Forest plot comparing body mass index (BMI) in NHD patients at 
baseline (prior to beginning NHD) and after 4-6 months on NHD.

Figure 6b. Forest plot comparing body mass index (BMI) in NHD patients at 
baseline (prior to beginning NHD) and after 8-12 months on NHD.
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Food records

Protein intake was measured in six studies, of which three could be used for the 
meta-analysis14,39,40. As shown in Figure 8, protein intake increased significantly from 
baseline to 4-6 months NHD (mean difference 18.9 g, 95% CI 9.7; 28.2, P<0.001). 
Influence analysis and funnel plot indicated no bias (data not shown).

Figure 8. Forest plot comparing protein intake in NHD patients at baseline 
(prior to beginning NHD) and after 4-6 months on NHD.

Six studies reported energy intake, of which three could be used for meta-
analysis14,39,40. As depicted in Figure 9, energy intake increased significantly 
between baseline and 4-6 months NHD (mean difference 183.2 kcal, 95% CI 16.8; 
349.7, P=0.03). The influence analysis showed a change in the results after omitting 
one particular study (Table 5). The funnel plot indicated no bias (data not shown). 
There is a meta-effect, however, the degree of evidence is not very convincing. 

Figure 9. Forest plot comparing energy intake in NHD patients at baseline 
(prior to beginning NHD) and after 4-6 months on NHD.
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Table 5. Influence analysis of energy intake between baseline and after 4-6 
months of NHD.

Mean difference 95% confidence 
interval

P-value

Omitting Ipema (2012) 218 -56.5 - 492.6 0.120

Omitting Pierratos (1997) 173 -6.6 - 351.8 0.059

Omitting Sikkes (2009) 179 -11.3 - 368.3 0.065

Pooled estimate 183 16.8 - 349.7 0.031

Three studies measured carbohydrate intake and fat intake14,39,41. Meta analysis was 
not performed since only two of these studies were suitable14,39. None of the studies 
reported a significant change between baseline and 4 to12 months following the 
initiation of NHD14,39,41. 

Discussion

In our meta-analyses, we ascertained that NHD is associated with significantly 
higher protein intake, nPCR, and serum albumin compared with CHD. The results for 
serum albumin are strengthened by the meta-analysis of studies that prospectively 
compared patients receiving NHD and those who remained on CHD, which showed 
similar positive effects. Energy intake also increased but with moderate evidence. 
In contrast, the body composition parameters of dry body weight, BMI, and phase 
angle did not change after the initiation of NHD. 

There is no ‘gold standard’ for the assessment of nutritional status in 
hemodialysis patients. In clinical practice, a combination of parameters is utilized 
such as the Subjective Global Assessment, anthropometry (dry body weight, 
body composition), nPCR, and serum albumin43. This meta-analysis shows that 
serum albumin levels increased significantly following the transition from CHD to 
NHD. Serum albumin is a measure of visceral protein stores and has prognostic 
significance in hemodialysis patients44,45. Although the increase in serum albumin 
during NHD may reflect genuine improvement in nutritional status, non-nutritional 
factors may contribute to the rise in serum albumin, e.g., improvement of systemic 
inflammation and/or reduction of proteinuria as a result of loss of residual renal 
function. It is unknown whether the increase in serum albumin after the transition 
to NHD translates into lower mortality. Notably, serum albumin is also a negative 
acute phase protein. However, CRP values did not significantly change post 
initiation of NHD36-38. This suggests that the increase in serum albumin levels 
during NHD is related to higher protein intake. This is substantiated by our meta-
analyses demonstrating that both protein intake and nPCR increased significant 
after the transition from CHD to NHD. These effects were still evident after 8-12 

Food records

Protein intake was measured in six studies, of which three could be used for the 
meta-analysis14,39,40. As shown in Figure 8, protein intake increased significantly from 
baseline to 4-6 months NHD (mean difference 18.9 g, 95% CI 9.7; 28.2, P<0.001). 
Influence analysis and funnel plot indicated no bias (data not shown).

Figure 8. Forest plot comparing protein intake in NHD patients at baseline 
(prior to beginning NHD) and after 4-6 months on NHD.

Six studies reported energy intake, of which three could be used for meta-
analysis14,39,40. As depicted in Figure 9, energy intake increased significantly 
between baseline and 4-6 months NHD (mean difference 183.2 kcal, 95% CI 16.8; 
349.7, P=0.03). The influence analysis showed a change in the results after omitting 
one particular study (Table 5). The funnel plot indicated no bias (data not shown). 
There is a meta-effect, however, the degree of evidence is not very convincing. 

Figure 9. Forest plot comparing energy intake in NHD patients at baseline 
(prior to beginning NHD) and after 4-6 months on NHD.
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months of receiving NHD. In accordance with these findings is the positive meta-
effect for energy intake. These findings strongly posit that patients consume more 
nutrition following the transition to NHD. Sikkes et al. indeed ascertained that 50% 
of NHD patients had an increased appetite after one year on NHD and that appetite 
appeared to improve more in patients with a lower baseline nPCR14. 

Previous studies showed better survival rates in HD patients with increasing 
weight and BMI46,47 whereas weight loss is most commonly associated with a 
deterioration of nutritional status43. In our meta-analysis, dry body weight and BMI 
did not significantly vary during NHD. However, a change in body weight is not a 
sensitive parameter of nutritional status since it is affected by changes in lean body 
mass and hydration status. Various authors suggested that more frequent and/or 
longer hemodialysis sessions are associated with better control of extracellular 
volume leading to lower blood pressure with less antihypertensive medication12,48-50. 
Therefore, increases in lean body mass during NHD may be disregarded as a result 
of a contemporary reduction in extracellular fluid. Only three studies measured 
changes in fluid status during NHD17,37,38. Demirci et al. indeed reported a significant 
decrease in ECW normalized for height and in ECW normalized for weight while 
both parameters increased in the control group of CHD patients37. David et al. 
also reported a significant decrease in ECM/BCM from baseline to 6 months while 
receiving NHD38. In  contrast, body water parameters, including ECW, did not alter 
during NHD in the study of Kaysen et al.17. The minimal number of studies and the 
divergent results preclude a firm conclusion with regard to a possible substitution 
of extracellular fluid by lean body mass during NHD. 

Lean body mass was measured with BIA in two studies and yielded different 
outcomes17,37. Kaysen et al. determined no differences in lean body mass between 
the three times per week NHD group and the six times per week NHD group, 
although an insignificant decreasing trend after four months was indicated17. The 
study of Demirci et al. showed significant increases in lean body mass and in fat 
mass in the NHD patients compared with the CHD controls in the course of one 
year37. Bioimpedance phase angle is a novel technique that may be exploited as a 
predictor for impaired muscle function and as an indicator for nutritional status, 
health related quality of life, forthcoming hospitalizations, and mortality51. Phase 
angle was measured in three studies and an insignificant positive trend in NHD 
patients was found in the meta-analysis.

In two studies, the upper arm muscle area was measured39,42. Spanner et al. 
discovered a steady decline in arm muscle area throughout the study period in 
NHD patients that could be due to accompanying loss in body weight that was also 
evident42. No change in muscle arm circumference in NHD patients was found in a 
study by Ipema et al.39. The upper arm muscle area can be used for an estimation of 
the lean body mass and can be a predictor of mortality in hemodialysis patients52,53. 
On the other hand, it is not a very sensitive measurement being limited in 
reproducibility and has a relatively large inter-observer variability53. Overall, it can 
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be concluded that our analysis does not provide evidence that body composition 
changes during NHD.

Remarkably, patients receiving NHD had a significantly higher protein 
and energy intake but did not exhibit an increase in BMI or dry body weight. 
This counter-intuitive finding may be explained by a negative protein balance 
induced by the NHD treatment. Various studies showed that hemodialysis while 
fasting is associated with a negative protein balance54-56. During NHD, patients 
are asleep and generally do not eat. It is feasible that the significant increase in 
protein intake in NHD patients is offset by increased losses of amino acids and 
increased hemodialysis-associated catabolism. Alternatively, the failure of patients 
to increase physical activity in order to increase fat-free mass may play a role in 
the negative protein balance. None of the included studies measured daily activity 
and exercise in NHD patients. Chan et al. studied exercise duration and capacity in 
patients after conversion to NHD and found an improvement57. However, in a more 
recent study, it was found that NHD had no effect on physical performance, health, 
and functioning in the NHD group compared with the CHD group58. 

Although our systematic review and meta-analysis provides new information 
on the potential benefits of NHD, the results must be interpreted within the 
context of methodological limitations. First, most studies were constrained by a 
minimal sample size, the withdrawal of patients (on NHD) is not always described, 
a number of studies had incomplete dietary records for the participants, and, in 
several studies, the follow-up duration is relatively brief. Another limitation is the 
assumption that the experimental and control groups are independent. In cases 
with repeated measurement in the same group of subjects, such an assumption 
is not valid. However, meta-analysis programs do not account for the possibility of 
repeated measurements because these are rarely reported in complete detail. In 
these cases, however, our approach based on independence can be expected to 
underestimate the actual meta-effect. Considering the fact that there were only 
thirteen studies considered eligible for this review, we have decided not to exclude 
due to study design. This resulted in an extensively varied study design. Formal 
blinding of participants is impossible. To anticipate the limitations, several quality 
measurements were assessed. In all meta-analysis, we assessed homogeneity of 
effects, performed an influence analysis, and tested for funnel plot asymmetry. 
With a few exceptions, these tests did not provide evidence for bias. Notably, five 
out of the 14 meta-analyses were performed with only three studies. In three of 
these five meta-analyses a deviating influence analysis was found. Two of these 
were the meta-analyses of control group controlled studies comparing albumin 
levels at 4-6 and at 12 months on NHD, respectively. The outcomes of these 
meta-analysis were used to corroborate the results of baseline controlled studies 
comparing baseline with 4-6 and 8-12 months on NHD, respectively. The third 
meta-analysis with deviating influence analysis was on energy intake. Although, 
the three studies in this meta-analysis showed a uniform pattern, the deviating 
influence analysis precludes a definite conclusion on the effect of NHD on energy 
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intake. There are no reviews published in regard to nutritional status in nocturnal 
hemodialysis patients to compare our results with or to be able to reconsider any 
type of disagreements in outcomes. 

Conclusions and recommendations 

This systematic review illustrates that NHD is associated with a significantly higher 
protein- and energy intake and increases in serum albumin and nPCR. Prospective 
randomized trials should be conducted to add more evidence to the effect of the 
transition from CHD to NHD on nutritional status in its various facets: food intake, 
laboratory parameters, and body composition. Additionally, future studies should 
address the important question whether the higher protein intake during NHD 
translates into a lower morbidity and mortality. Finally, more research should be 
devoted to the effect of combined treatment with intensive NHD and an exercise 
program on body composition.  
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Supplementary figures 1. Albumin (Kaysen 3x per week NHD instead of 6x per 
week NHD 17)

1a. Forrest plot comparing albumin in NHD patients on baseline (before 
transition from CHD to NHD) and control CHD patients.

 
1b. Forrest plot comparing albumin in NHD patients after 4-6 months on NHD 
and control CHD patients after 4-6 months follow up.

 

1c. Forrest plot comparing albumin in NHD patients after 12 months on NHD 
and control CHD patients after 12 months follow up. 
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Supplementary Table 1. Summary of the results of the 13 studies on the 
nutritional status of nocturnal hemodialysis patients.

Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Alloatti, 2002  PCR: g/day, CHD baseline 1.12 
(0.30), after >6 months NHD 1.20 
(0.33)  
Serum albumin:  g/L, CHD 
baseline 38.5 (6.0), after >6 
months NHD 39.8 (6.0)

Post-dialysis weight: kg, CHD baseline 68.5 (9.6), 
after >6 months NHD 70.8 (10.7); P<0.01 

Good results of: toxin removal, 
water balance regulation, and 
maintenance of an adequate 
nutritional status.

Second measurement is after 6 
months NHD, not clear whether 
it is 6 or 36 months. 

Cravedi, 2009 nPCR: g/kg/day CHD, baseline 
0.9 (0.3), 6 months 0.9 (0.3), 
12 months 1.0 (0.4), NHD, 18 
months 0.9 (0.3), 24 months 1.1 
(0.3),  30 months 1.1 (0.3), 36 
months 1.1 (0.4)

Post-dialysis body weight: kg, CHD baseline 
(at 12 months) 61,4 (21.8), NHD 6 months (at 
18 months) 61.8 (14.5), NHD 12 months (at 24 
months) 63.4 (15.8), p<0.001 (measured from Fig. 
1.B of the original article)

Improvement of nutritional 
status. 

Results of body weight were  
shown in a figure. Only. Results 
were measured manually from 
the figure..

David, 2009 Albumin: g/L, baseline 42.8 (2.6), 
3 months 43.3 (1.6), 6 months 
43.6 (2.6), 9 months 43.2 (3.1), 12 
months 44.4 (2.5), ns     
nPCR: g/kg/day, baseline 1.39 
(0.29), 3 months 1.71 (0.23) [1], 
6 months 1.55 (0.38), 9 months 
1.78 (0.37) [1], 12 months 2.25 
(1.5), ns 
CRP: mg/L, baseline 10.2 (13.8), 
3 months 7.1 (9.8), 6 months 
4.4 (3.6), 9 months 4.0 (4.2), 12 
months 3.4 (4.1), ns.

Dry body weight: kg, baseline 70.9 (20.2), 3 
months 71.0 (21), 6 months 71.2 (20.5), 9 months 
71.6 (19.5) [1], 12 months 72.1 (19.8) [1] P= 0.04.   
BMI: kg/m2, baseline 22.8 (5.1), 3 months 22.9 
(5.1), 6 months 23.2 (5.2), 9 months 23.4 (5.0) [1], 
12 months 23.6 (4.9) [1] P= 0.009.   
Phase angle: Degrees, baseline 6.2 (1.1), 6 
months 6.91 (0.73) [1], 12 months 6.88 (0.72) [2], 
P=0.001     

Improvement in nutritional 
control. 
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Demirci, 2013 Serum albumin: g/dL, NHD 
baseline 3.93 (0.22), after 12 
months 4.14 (0.31) change 0.19 
(0.21), CHD baseline 3.95 (0.26), 
after 12 months 3.92 (0.27), 
change -0.02 (0.2), between 
group comparison (95% CI) 0.2 
(0.1; 0.29), ∆ [3] (95% CI) 0.19 
(0.1; 0.29) P= <0.001

CRP:  mg/dl, NHD baseline 1.67 
(2.01), 12 months 1.32 (1.27), 
change -0.34 (1.26), 
CHD  mg/dl, mean (± SD) 
baseline 1.53 (1.46), 12 months 
1.65 (1.61), change 0.1 (1.6) 
Between group comparison 
(95% CI) baseline 0.14 (-0.54; 
0.82), 12 months -0.33 (-0.88; 
0.18), change 0.45 (-1.03; 0.1) 
∆ (95% CI) -0.35 (0.81; 0.1) P= 
0.12

Dry lean mass: Change in kg, NHD baseline 
12.2 (4.1), after 12 months 12.7 (4.1), change 0.5 
(1.2), CHD baseline 11.5 (3.9), after 12 months 
11.4 (3.9), change -0.1 (0.9), between group 
comparison (95% CI) 0.5 (0.1; 0.9)
 ∆ [3] (95% CI) 0.58 (0.17; 0.9), P=0.006

Fat mass: Change in kg, NHD baseline 16.3 (8.7), 
after 12 months 17.4 (8.4), change 1.1 (2.5), CHD 
baseline 16.5 (7.7), after 12 months 16.1 (7.6), 
change  -0.4 (3.2), between group comparison
 (95% CI) 1.5 (0.4; 2.7)
 ∆ [3] (95% CI) 1.8 (0.8; 2.7), P<0.001

Phase angle: Change in phase angle degrees, 
NHD baseline 6.32 (1.01), after 12 months 6.39 
(1.38), change 0.06 (1.05), CHD baseline 6.01 
(1.13), after 12 months 5.71 (1.33), change -0.29 
(0.9), between group comparison (95% CI) 0.35 
(-0.02; 0.74) 
∆ [3] (95% CI) 0.37 (0.01; 0.7) P=0.04

ECW/weight: Change in l/kg, NHD baseline 0.26 
(0.03), after 12 months 0.25 (0.03), change -0.01 
(0.02), CHD baseline 0.26 (0.02), after 12 months 
0.26 (0.01), change 0.01 (0.9), between group 
comparison (95% CI) -0.01 (-0.02; -0.009) 
∆ [3] (95% CI) -0.01 (-0.02; -0.01) P <0.001
ECW/height: Change in l/m, NHD baseline 10.22 
(1.03), after 12 months 9.97 (1.12), change -0.25 
(0.8), CHD baseline 10.21 (1.43), after 12 months 
10.46 (1.33), change 0.25 (0.7), between group 
comparison (95% CI) -0.5 (-0.8; -0.22) 
∆ [3] (95% CI) -0.44 (-0.68; -0.20) P <0.001

In-centre NHD improves 
nutritional status and facilitates 
volume control. 
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Ipema, 2012 PCR: g/day, baseline CHD 80 
(27), 4 months NHHD 94 (22), 8 
months NHHD 96 (20) P=0.001, 
Effect size (95% CI for difference 
with baseline CHD), P<0.05, 
0-4 months 4.7; 24.7 g/day, 0-8 
months 5.3; 27.0 g/day 

nPCR: g/kg/day, baseline CHD 
1.07 (0.27), 4 months NHHD 
1.29 (0.22), 8 months NHHD 1.30 
(0.19) P=0.001 [2]
 Effect size (95% CI for difference 
with baseline CHD),P<0.05, 0-4 
months 0.04; 0.4 g/day, 0-8 
months 0.4; 4.14 g/day 

Serum albumin: g/L, baseline 
CHD 38 (4.0), 4 months NHHD 
40 (3.4), 8 months NHHD 40 (4.1) 
P=0.232 [4]

BMI: kg/m2, baseline CHD 26.1 (4.8), 4 months 
NHHD 26.2 (5.0), 8 months NHHD 26.6 (5.3) 
P=0.138 [4]

Post-dialysis weight: kg, baseline CHD 83.4 (16.8), 
4 months NHHD 83.6 (17.1), 8 months NHHD 84.8 
(17.8) P=0.183 [4]

MUAMC: cm, baseline CHD 27.0 (4.2), 4 months 
NHHD 27.4 (4.4), 8 months NHHD 27.4 (4.1) 
P=0.392 [4]

Interdialytic weight: Change in kg/24 hours, 
baseline CHD 1.2 (0.7), 4 months NHHD 1.5 (0.6), 
8 months NHHD 1.7 (0.6) P=0.034 [5] 
Effect size (95% CI for difference with baseline 
CHD) [6] 0-4 months -0.3; 0.9 kg/24 hours, 0-8 
months 0.02; 1.1 kg/24 hours, P<0.05

Energy intake: Kcal/day, 
baseline CHD 2003 (287), 4 
months NHHD 2166 (298), 
8 months NHHD 2183 (388) 
P=0.088 [4]

Protein intake: g/day, baseline 
CHD 80 (11), 4 months NHHD 
92 (19), 8 months NHHD 89 (19) 
P=0.023 
Effect size (95% CI for difference 
with baseline CHD) 0-4 months 
0.2; 22.8 g/day, P<0.05, 0-8 
months -4.3; 21.0 g/day

Carbohydrate intake: g/day, 
baseline CHD 236 (44), 4 months 
HHD 237 (36), 8 months NHHD 
252 (46) P=0.369 [4]

Fat intake: g/day, baseline CHD 
82 (17), 4 months NHHD 91 (24), 
8 months NHHD 91 (29) P=0.103 
[4]

The transition from CHD to 
NHHD has a positive effect on 
nutritional intake, in particular, 
protein intake.

After the transition to NHD the 
first measurement was done 
after 4 months of NHD; the 
second measurement was 
done after 8 months NHD. 
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Results of body composition Results of food records Conclusion of the authors Comments
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Kaysen, 2012 Serum albumin: Daily Trial 
3xweek g/dL,  baseline  3.95 
(0.44), 4 months 3.94 (0.4), 12 
months 3.96 (0.4) 
[6] Change from baseline 4 
months -0.02 (0.03), 12 months 
0.00 (0.03)
Nocturnal Trial 3xweek g/dL, 
baseline  3.93 (0.53), 4 months 
4.1 (0.45), 12 months 4.12 (0.39) 
[6] Change from baseline 4 
months 0.17 (0.05), 12 months 
0.20 (0.05) 
Nocturnal Trial 6xweek g/dL, 
baseline  3.88 (0.49), 4 months 
4.1 (0.49), 12 months 4.08 (0.53)
 [6] Change from baseline 4 
months 0.2 (0.05), 12 months 
0.19 (0.05)
Treatment comparison 6x vs. 
3x, 4 months 0.03 (-0.10; 0.16) 
P=0.65, 
12 months -0.01 (-0.14; 0.12), 
P=0.88

ePCR: Daily Trial 3xweek g/day, 
baseline  64.67 (17.86), 4 months 
65.09 (19.09), 12 months 64.26 
(20.02) 
[6] Change from baseline 4 
months 0.03 (1.19), 12 months 
-0.35 (1.29)
Nocturnal Trial 3xweek g/day, 
mean (± SD) baseline 62.42 
(21.6), 4 months 63.28 (21.49), 12 
months 69.97 (24.23) 
[6] Change from baseline 4 
months 1.65 (3.24), 12 months 
6.3 (3.33) 
Nocturnal Trial 6x week g/day, 
baseline  62.86 (21.15), 4 months 
70.96 (22.05), 12 months 74.55 
(38.81) 
[6] Change from baseline 4 
months 7.41 (3.24), 12 months 
11.94 (3.45)
Treatment comparison 6x vs. 
3x, 4 months 5.76 (-2.42; 13.94) 
P=0.17
, 12 months 5.65 (-2.98; 14.27) 
P=0.20

 
 

Post-dialysis weight: Daily Trial 3x week kg, 
baseline 78.9 (19.76), 4 months 79.11 (19.9), 12 
months 79.19 (19.86) 
[6] Change from baseline 4 months 0.37 (0.28), 
12 months 0.23 (0.45) 
Nocturnal Trial 3x week kg, baseline  83.45 
(24.08), 4 months 83.3 (25.03), 12 months 84.05 
(25.64) 
[6] Change from baseline 4 months -0.44 (0.45), 
12 months 0.36 (0.79) 
Nocturnal Trial 6x week kg, baseline  88.55 
(28.19), 4 months 87.8 (28.56), 12 months 89.07 
(28.56) 
[6] Change from baseline 4 months -0.45 (0.44), 
12 months 0.88 (0.78)
Treatment comparison 6x vs. 3x, 4 months -0.02 
(-1.25; 1.22) P=0.98, 12 months 0.51 (-1.66; 2.69) 
P=0.64

Phase angle: Daily Trial 3xweek degrees, baseline 
5.21 (1.21), 4 months 5.32 (1.44), 12 months 5.34 
(1.58) 
[6] Change from baseline 4 months 0.01 (0.13), 
12 months -0.02 (0.15)
Nocturnal Trial 3x week degrees, baseline  5.54 
(1.48), 4 months 5.76 (1.48), 12 months 5.98 (1.66) 
[6] Change from baseline 4 months 0.16 (0.24), 
12 months 0.37 (0.22) 
Nocturnal Trial 6x week degrees, baseline  5.49 
(1.51), 4 months 5.81 (1.69), 12 months 5.79 (1.67)
 [6] Change from baseline 4 months 0.25 (0.24), 
12 months 0.32 (0.23). 
Treatment comparison 6x vs. 3x, 4 months 0.09 
(-0.53; 0.72) P= 0.77, 12 months -0.05 (-0.66; 0.56) 
P=0.87
Lean body mass: Daily Trial 3xweek kg, baseline 
44.0 (10.2), 4 months 44.2 (9.7), 12 months 45.0 
(9.6) 
[6] Change from baseline 4 months 0.53 (0.26), 
12 months 0.58 (0.32)
 Nocturnal Trial 3x week kg, baseline  46.3 (11.7), 
4 months 46.1 (11.5), 12 months 44.8 (11.4)
 [6] Change from baseline 4 months -0.23 (0.41), 
12 months -0.04 (0.61)
 Nocturnal Trial 6x week kg, baseline  47.4 (12.5), 
4 months 47.2 (12.2), 12 months 48.2 (12.0)
 [6] Change from baseline 4 months -1.34 (0.41), 
12 months -0.49 (0.63)
Treatment comparison 6x vs. 3x, 4 months -1.11 
(-2.25; 0.04) P= 0.057, 12 months -0.45 (-2.18; 1.28) 
P=0.61
TBW, ECW, ICW and BCM: no significant changes 
in the NHD groups.

Frequent nocturnal hemodialysis 
yielded no net effect on 
parameters of nutritional status 
or body composition.

For good comparison we only 
showed of the daily trial the 
3 times weekly sessions and 
not the daily HD of 6 times per 
week.
The nPCR was not shown in the 
original article, but delivered 
after questioning for them.
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Kaysen, 2012 Serum albumin: Daily Trial 
3xweek g/dL,  baseline  3.95 
(0.44), 4 months 3.94 (0.4), 12 
months 3.96 (0.4) 
[6] Change from baseline 4 
months -0.02 (0.03), 12 months 
0.00 (0.03)
Nocturnal Trial 3xweek g/dL, 
baseline  3.93 (0.53), 4 months 
4.1 (0.45), 12 months 4.12 (0.39) 
[6] Change from baseline 4 
months 0.17 (0.05), 12 months 
0.20 (0.05) 
Nocturnal Trial 6xweek g/dL, 
baseline  3.88 (0.49), 4 months 
4.1 (0.49), 12 months 4.08 (0.53)
 [6] Change from baseline 4 
months 0.2 (0.05), 12 months 
0.19 (0.05)
Treatment comparison 6x vs. 
3x, 4 months 0.03 (-0.10; 0.16) 
P=0.65, 
12 months -0.01 (-0.14; 0.12), 
P=0.88

ePCR: Daily Trial 3xweek g/day, 
baseline  64.67 (17.86), 4 months 
65.09 (19.09), 12 months 64.26 
(20.02) 
[6] Change from baseline 4 
months 0.03 (1.19), 12 months 
-0.35 (1.29)
Nocturnal Trial 3xweek g/day, 
mean (± SD) baseline 62.42 
(21.6), 4 months 63.28 (21.49), 12 
months 69.97 (24.23) 
[6] Change from baseline 4 
months 1.65 (3.24), 12 months 
6.3 (3.33) 
Nocturnal Trial 6x week g/day, 
baseline  62.86 (21.15), 4 months 
70.96 (22.05), 12 months 74.55 
(38.81) 
[6] Change from baseline 4 
months 7.41 (3.24), 12 months 
11.94 (3.45)
Treatment comparison 6x vs. 
3x, 4 months 5.76 (-2.42; 13.94) 
P=0.17
, 12 months 5.65 (-2.98; 14.27) 
P=0.20

 
 

Post-dialysis weight: Daily Trial 3x week kg, 
baseline 78.9 (19.76), 4 months 79.11 (19.9), 12 
months 79.19 (19.86) 
[6] Change from baseline 4 months 0.37 (0.28), 
12 months 0.23 (0.45) 
Nocturnal Trial 3x week kg, baseline  83.45 
(24.08), 4 months 83.3 (25.03), 12 months 84.05 
(25.64) 
[6] Change from baseline 4 months -0.44 (0.45), 
12 months 0.36 (0.79) 
Nocturnal Trial 6x week kg, baseline  88.55 
(28.19), 4 months 87.8 (28.56), 12 months 89.07 
(28.56) 
[6] Change from baseline 4 months -0.45 (0.44), 
12 months 0.88 (0.78)
Treatment comparison 6x vs. 3x, 4 months -0.02 
(-1.25; 1.22) P=0.98, 12 months 0.51 (-1.66; 2.69) 
P=0.64

Phase angle: Daily Trial 3xweek degrees, baseline 
5.21 (1.21), 4 months 5.32 (1.44), 12 months 5.34 
(1.58) 
[6] Change from baseline 4 months 0.01 (0.13), 
12 months -0.02 (0.15)
Nocturnal Trial 3x week degrees, baseline  5.54 
(1.48), 4 months 5.76 (1.48), 12 months 5.98 (1.66) 
[6] Change from baseline 4 months 0.16 (0.24), 
12 months 0.37 (0.22) 
Nocturnal Trial 6x week degrees, baseline  5.49 
(1.51), 4 months 5.81 (1.69), 12 months 5.79 (1.67)
 [6] Change from baseline 4 months 0.25 (0.24), 
12 months 0.32 (0.23). 
Treatment comparison 6x vs. 3x, 4 months 0.09 
(-0.53; 0.72) P= 0.77, 12 months -0.05 (-0.66; 0.56) 
P=0.87
Lean body mass: Daily Trial 3xweek kg, baseline 
44.0 (10.2), 4 months 44.2 (9.7), 12 months 45.0 
(9.6) 
[6] Change from baseline 4 months 0.53 (0.26), 
12 months 0.58 (0.32)
 Nocturnal Trial 3x week kg, baseline  46.3 (11.7), 
4 months 46.1 (11.5), 12 months 44.8 (11.4)
 [6] Change from baseline 4 months -0.23 (0.41), 
12 months -0.04 (0.61)
 Nocturnal Trial 6x week kg, baseline  47.4 (12.5), 
4 months 47.2 (12.2), 12 months 48.2 (12.0)
 [6] Change from baseline 4 months -1.34 (0.41), 
12 months -0.49 (0.63)
Treatment comparison 6x vs. 3x, 4 months -1.11 
(-2.25; 0.04) P= 0.057, 12 months -0.45 (-2.18; 1.28) 
P=0.61
TBW, ECW, ICW and BCM: no significant changes 
in the NHD groups.

Frequent nocturnal hemodialysis 
yielded no net effect on 
parameters of nutritional status 
or body composition.

For good comparison we only 
showed of the daily trial the 
3 times weekly sessions and 
not the daily HD of 6 times per 
week.
The nPCR was not shown in the 
original article, but delivered 
after questioning for them.
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Maduel, 2011l nPCR: g/kg/day,  all patients: 
baseline 1.24 (0.4), 3 months 
1.40 (0.5), 6 months 1.44 (0.6), 
9 months 1.44 (0.7), 12 months 
1.36 (0.7)
Albumin: mg/dL all patients: 
baseline 3.98 (0.4), 3 months 
3.93 (0.3), 6 months 3.92 (0.3), 
9 months 3.88 (0.2), 12 months 
3,90(0.3)
CRP: mg/L, all patients: baseline 
0.97 (1.6), 3 months 0.98 (1.3), 6 
months 0.69 (0.8), 9 months 0.96 
(1.4), 12 months 0.73 (1.0)

Body weight: kg, all patients: baseline 70.1 (19), 
3 months 70.6 (19), 6 months 71.3 (19) (P<0.05), 
9 months 71.7(19) (P<0.01), 12 months 72.2 (19) 
(P<0.01)
Weight gain: kg, all patients: baseline 2.62 (1.1), 
3 months 3.24 (1.2), 6 months 2.95 (1.0), 9 months 
3.17 (1.5), 12 months 3.33 (1.4)

Nocturnal every-other-
day OL-HDF could be a 
good alternative since also 
improvement in nutritional status 
was observed.

Not suitable for the meta-
analysis because online HDF 
during NHD was used.

McPhatter, 1999 Serum albumin: mg/dL, (mean, 
SD not available): 6 months 
before NHHD 3.4, 6 months after 
start NHHD 4.1

Body weight: Weight gain of 2% to 3% in the first 
year. No data shown.

Energy intake: Kcal/day, 
(mean, SD not available), 
baseline 1801 (1208;  2777), 3 
months 2045 (1454; 2654), 6 
months 2150 (1721; 3120) 
Protein intake: g/day, (mean, 
SD not available), baseline 76 
(45 to 107), 3 months 87 (56 to 
107), 6 months 80 (56 to 113) 

NHHD patients show healthy 
eating, adequate kilocalorie 
and protein intake, and 
maintaining dry weight and 
protein stores.

The results are not shown all 
in numbers, but in figures. The 
standard deviations are not 
given and in the figures it is not 
clear whether the standard 
deviation is used. 

O’Sullivan,1998 Serum albumin: g/dL,  pre-study 
3.63 (0.52), study period 3.68 
(0.41), post-study 4.00 (0.26)  
Pre-study vs. NHD P<0.10  
Post-study vs. NHD P>0.10 
PCR: g/kg/day, pre-study 1.07 
(0.12), study period 1.27 (0.20), 
post-study 1.19 (0.26) 
Pre-study vs. NHD P=0.075 
Post-study vs. NHD P>0.10

Body weight: Not significant. No data shown. Energy intake: Kcal/day,pre-
study 2223.33 (1024.04) vs. study 
period 2628.33 (928.09) P=0.029 

Higher doses of hemodialysis 
benefit nutrition, improve 
biochemical variables, and 
may improve many hormonal 
systems. 

Very low amount of participants, 
4 patients. The study time was 
only 8 weeks. 

Pierratos, 1997 Serum albumin: g/L, pre-study 
CHD 41.2 (2.6), study period 
NHD 41.4 (2.7) 

Body weight: Overall increase by 1.0±3.0 kg in 12 
months (ns). No data shown.

Protein intake: within the first 6 
months from 59 (18) to 86 (13) 
in g/day P=0.004, or 1.0 (0.3) to 
1.44 (0.2) in g/kg/day P=0.009 
Energy intake: Kcal/day, before 
conversion to NHD 1550 (670) 
to 1800 (360) at 6 m after 
conversion (ns)

An increase in the protein 
intake was found on nocturnal 
hemodialysis. Some of the 
patients gained significant 
weight (up to 5.5 kg).

The exact data of the body 
weight was not shown.  
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Maduel, 2011l nPCR: g/kg/day,  all patients: 
baseline 1.24 (0.4), 3 months 
1.40 (0.5), 6 months 1.44 (0.6), 
9 months 1.44 (0.7), 12 months 
1.36 (0.7)
Albumin: mg/dL all patients: 
baseline 3.98 (0.4), 3 months 
3.93 (0.3), 6 months 3.92 (0.3), 
9 months 3.88 (0.2), 12 months 
3,90(0.3)
CRP: mg/L, all patients: baseline 
0.97 (1.6), 3 months 0.98 (1.3), 6 
months 0.69 (0.8), 9 months 0.96 
(1.4), 12 months 0.73 (1.0)

Body weight: kg, all patients: baseline 70.1 (19), 
3 months 70.6 (19), 6 months 71.3 (19) (P<0.05), 
9 months 71.7(19) (P<0.01), 12 months 72.2 (19) 
(P<0.01)
Weight gain: kg, all patients: baseline 2.62 (1.1), 
3 months 3.24 (1.2), 6 months 2.95 (1.0), 9 months 
3.17 (1.5), 12 months 3.33 (1.4)

Nocturnal every-other-
day OL-HDF could be a 
good alternative since also 
improvement in nutritional status 
was observed.

Not suitable for the meta-
analysis because online HDF 
during NHD was used.

McPhatter, 1999 Serum albumin: mg/dL, (mean, 
SD not available): 6 months 
before NHHD 3.4, 6 months after 
start NHHD 4.1

Body weight: Weight gain of 2% to 3% in the first 
year. No data shown.

Energy intake: Kcal/day, 
(mean, SD not available), 
baseline 1801 (1208;  2777), 3 
months 2045 (1454; 2654), 6 
months 2150 (1721; 3120) 
Protein intake: g/day, (mean, 
SD not available), baseline 76 
(45 to 107), 3 months 87 (56 to 
107), 6 months 80 (56 to 113) 

NHHD patients show healthy 
eating, adequate kilocalorie 
and protein intake, and 
maintaining dry weight and 
protein stores.

The results are not shown all 
in numbers, but in figures. The 
standard deviations are not 
given and in the figures it is not 
clear whether the standard 
deviation is used. 

O’Sullivan,1998 Serum albumin: g/dL,  pre-study 
3.63 (0.52), study period 3.68 
(0.41), post-study 4.00 (0.26)  
Pre-study vs. NHD P<0.10  
Post-study vs. NHD P>0.10 
PCR: g/kg/day, pre-study 1.07 
(0.12), study period 1.27 (0.20), 
post-study 1.19 (0.26) 
Pre-study vs. NHD P=0.075 
Post-study vs. NHD P>0.10

Body weight: Not significant. No data shown. Energy intake: Kcal/day,pre-
study 2223.33 (1024.04) vs. study 
period 2628.33 (928.09) P=0.029 

Higher doses of hemodialysis 
benefit nutrition, improve 
biochemical variables, and 
may improve many hormonal 
systems. 

Very low amount of participants, 
4 patients. The study time was 
only 8 weeks. 

Pierratos, 1997 Serum albumin: g/L, pre-study 
CHD 41.2 (2.6), study period 
NHD 41.4 (2.7) 

Body weight: Overall increase by 1.0±3.0 kg in 12 
months (ns). No data shown.

Protein intake: within the first 6 
months from 59 (18) to 86 (13) 
in g/day P=0.004, or 1.0 (0.3) to 
1.44 (0.2) in g/kg/day P=0.009 
Energy intake: Kcal/day, before 
conversion to NHD 1550 (670) 
to 1800 (360) at 6 m after 
conversion (ns)

An increase in the protein 
intake was found on nocturnal 
hemodialysis. Some of the 
patients gained significant 
weight (up to 5.5 kg).

The exact data of the body 
weight was not shown.  
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Schorr, 2011 For subjects completing food 
diaries: (NHD n = 12, CHD n = 11)

Serum albumin: g/L, NHD 
baseline 37.1 (4.4), 6 months 
37.8 (4.0). CHD baseline 36.6 
(3.5), 6 months 35.0 (3.5), 
change from baseline to exit: 
0.7 (3.6) NHD (n=12), -1.6 (4.0) 
CHD (n=11), between group 
comparison (95% Cl): 2.3 (-0.97; 
5.6) 

For all study subjects: n=51 (NHD 
n=26, CHD n=25)
Serum albumin: g/L, NHD 
baseline 36.6 (4.7), 6 months 
36.4 (5.3)
CHD baseline 36.0 (3.6), 6 
months 35.9 (3.7), change 
from baseline to exit: -0.2 (4.5) 
on NHD, -0.2 (4.1) on CHD. 
Between group comparison 
(95% Cl): 0.0 (-2.4; 2.4)

For subjects completing food diaries: (NHD n=12, 
CHD n=11)

For all study subjects: n=51 (NHD n=26, CHD 
n=25)
Weight: kg, NHD baseline 80.0 (17.2), 6 months 
80.2 (17.6), CHD baseline 69.3 (19.4), 6 months 
69.0 (18.1), change from baseline to exit: 0.1 
(3.3) on NHD, -0.3 (2.8) on CHD, between group 
comparison (95% Cl): 0.5 (-1.3; 2.2)

BMI: kg/m2, NHD baseline 27.3 (6.7), 6 months 
27.4 (6.9), CHD baseline 23.5 (5.5), 6 months 23.4 
(5.0), change from baseline to exit: 0.05 (1.14) 
on NHD, -0.12 (0.96) on CHD, between group 
comparison (95% Cl): 0.17 (-0.43; 0.76)

For subjects completing food 
diaries: (NHD n=12, CHD n=11)
Carbohydrate intake: g/day, 
median (IQR) change from 
baseline to exit:  -17.7 (-56.9; 
53.1) on NHD, 9.7 (-56.9; 53.7) 
on CHD. Between group 
comparison (95% Cl) P=0.81

Protein intake: g/kg/day, 
median (IQR) change from 
baseline to exit:
 -0.07 (-0.13; 0.21) on NHD, 0.07 
(-0.15; 0.44) on CHD. Between 
group comparison (95% Cl) 
P=0.67

Fat intake: g/day, median (IQR) 
change from baseline to exit: 
4.3 
(-23.7; 36.9) on NHD, -4.0 (-11.2; 
17.6) on CHD. Between group 
comparison (95% Cl) ns.
For all study subjects: n=51 (NHD 
n=26, CHD n=25)

NHD subjects demonstrated 
a small increase in weight 
and BMI. Whether these 
dietary changes translate to 
improvements in nutritional 
status remains to be 
determined.

The results of the food records 
are not used in the meta 
analysis because the results are 
shown in median (IQR).

Sikkes, 2009 nPCR: g/kg, baseline 1.1 (0.1), 
3 months 1.6 (0.1), 6 months 
1.6 (0.1), 12 months 1.5 (0.1) P= 
0.058 
Serum albumin: g/L, baseline 40 
(1), 3 months 43 (0), 6 months 43 
(1), 12 months 42 (1) P= 0.001 

Body weight: kg, baseline 71 (4), 3 months 74 (4), 
6 months 74 (4), 12 months 76 (5) P=0.001 
BMI: kg/m2, baseline 22 (1), 3 months 23 (1), 6 
months 23 (1), 12 months 24 (1) P=0.001 

Energy intake: kcal/day, 
baseline 2083 (119), 3 months 
2305 (132), 6 months 2282 (131), 
12 months 2213 (159) P=0.220 
Protein intake: g/kg, baseline 
1.1 (0.1), 3 months 1.3 (0.1), 6 
months 1.3 (0.1), 12 months 1.3 
(0.1) P= 0.024 
Protein intake in g/day, baseline 
74 (4), 3 months 90 (6), 6 months 
93 (6), 12 months 92 (6) P=0.003  
Carbohydrate intake: g/day, 
baseline 263 (17), 3 months 
287 (20), 6 months 262 (18), 12 
months 249 (18) P=0.318 
Fat intake: g/day, baseline 79 
(6), 3 months 85 (6), 6 months 90 
(7), 12 months 89 (9) P=0.123

Nocturnal home hemodialysis 
results in improved appetite 
and better nutritional status, 
with potentially positive effect 
on morbidity and mortality, 
although this has not been 
proven in a randomized study.

In the article not mean ±SD 
were used, but the mean±SE. 
The SE was rounded. The 
authors send us the not-
rounded numbers and we were 
able to compute the SE to the 
SD by using: 
(SE = SD/ √n)
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Schorr, 2011 For subjects completing food 
diaries: (NHD n = 12, CHD n = 11)

Serum albumin: g/L, NHD 
baseline 37.1 (4.4), 6 months 
37.8 (4.0). CHD baseline 36.6 
(3.5), 6 months 35.0 (3.5), 
change from baseline to exit: 
0.7 (3.6) NHD (n=12), -1.6 (4.0) 
CHD (n=11), between group 
comparison (95% Cl): 2.3 (-0.97; 
5.6) 

For all study subjects: n=51 (NHD 
n=26, CHD n=25)
Serum albumin: g/L, NHD 
baseline 36.6 (4.7), 6 months 
36.4 (5.3)
CHD baseline 36.0 (3.6), 6 
months 35.9 (3.7), change 
from baseline to exit: -0.2 (4.5) 
on NHD, -0.2 (4.1) on CHD. 
Between group comparison 
(95% Cl): 0.0 (-2.4; 2.4)

For subjects completing food diaries: (NHD n=12, 
CHD n=11)

For all study subjects: n=51 (NHD n=26, CHD 
n=25)
Weight: kg, NHD baseline 80.0 (17.2), 6 months 
80.2 (17.6), CHD baseline 69.3 (19.4), 6 months 
69.0 (18.1), change from baseline to exit: 0.1 
(3.3) on NHD, -0.3 (2.8) on CHD, between group 
comparison (95% Cl): 0.5 (-1.3; 2.2)

BMI: kg/m2, NHD baseline 27.3 (6.7), 6 months 
27.4 (6.9), CHD baseline 23.5 (5.5), 6 months 23.4 
(5.0), change from baseline to exit: 0.05 (1.14) 
on NHD, -0.12 (0.96) on CHD, between group 
comparison (95% Cl): 0.17 (-0.43; 0.76)

For subjects completing food 
diaries: (NHD n=12, CHD n=11)
Carbohydrate intake: g/day, 
median (IQR) change from 
baseline to exit:  -17.7 (-56.9; 
53.1) on NHD, 9.7 (-56.9; 53.7) 
on CHD. Between group 
comparison (95% Cl) P=0.81

Protein intake: g/kg/day, 
median (IQR) change from 
baseline to exit:
 -0.07 (-0.13; 0.21) on NHD, 0.07 
(-0.15; 0.44) on CHD. Between 
group comparison (95% Cl) 
P=0.67

Fat intake: g/day, median (IQR) 
change from baseline to exit: 
4.3 
(-23.7; 36.9) on NHD, -4.0 (-11.2; 
17.6) on CHD. Between group 
comparison (95% Cl) ns.
For all study subjects: n=51 (NHD 
n=26, CHD n=25)

NHD subjects demonstrated 
a small increase in weight 
and BMI. Whether these 
dietary changes translate to 
improvements in nutritional 
status remains to be 
determined.

The results of the food records 
are not used in the meta 
analysis because the results are 
shown in median (IQR).

Sikkes, 2009 nPCR: g/kg, baseline 1.1 (0.1), 
3 months 1.6 (0.1), 6 months 
1.6 (0.1), 12 months 1.5 (0.1) P= 
0.058 
Serum albumin: g/L, baseline 40 
(1), 3 months 43 (0), 6 months 43 
(1), 12 months 42 (1) P= 0.001 

Body weight: kg, baseline 71 (4), 3 months 74 (4), 
6 months 74 (4), 12 months 76 (5) P=0.001 
BMI: kg/m2, baseline 22 (1), 3 months 23 (1), 6 
months 23 (1), 12 months 24 (1) P=0.001 

Energy intake: kcal/day, 
baseline 2083 (119), 3 months 
2305 (132), 6 months 2282 (131), 
12 months 2213 (159) P=0.220 
Protein intake: g/kg, baseline 
1.1 (0.1), 3 months 1.3 (0.1), 6 
months 1.3 (0.1), 12 months 1.3 
(0.1) P= 0.024 
Protein intake in g/day, baseline 
74 (4), 3 months 90 (6), 6 months 
93 (6), 12 months 92 (6) P=0.003  
Carbohydrate intake: g/day, 
baseline 263 (17), 3 months 
287 (20), 6 months 262 (18), 12 
months 249 (18) P=0.318 
Fat intake: g/day, baseline 79 
(6), 3 months 85 (6), 6 months 90 
(7), 12 months 89 (9) P=0.123

Nocturnal home hemodialysis 
results in improved appetite 
and better nutritional status, 
with potentially positive effect 
on morbidity and mortality, 
although this has not been 
proven in a randomized study.

In the article not mean ±SD 
were used, but the mean±SE. 
The SE was rounded. The 
authors send us the not-
rounded numbers and we were 
able to compute the SE to the 
SD by using: 
(SE = SD/ √n)
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Spanner, 2003 nPNA:
NHD patients g/kg/day, 
(number of patients) baseline 
1.03 (0.21) (12), 3 months 1.15 
(0.27) (7), 6 months 1.09 (0.30) 
(8), 9 months 1.14 (0.31) (10), 
12 months 1.16 (0.45) (8), CHD 
patients g/kg/day, (number 
of patients) baseline 1.02 ± 
0.22 (22), 3 months 1.02 (0.16) 
(21), 6 months 1.05 (0.21) (17), 
9 months 1.07 (0.23) (18), 12 
months 1.12 (0.30) (20), Serum 
albumin: 
Nocturnal HD patients g/dL, 
(number of patients) baseline 
3.91 (0.44) (13), 3 months 3.84 
(0.46) (12), 6 months 3.92 (0.66) 
(13), 9 months 3.60 (0.58) [7] 
(10), 12 months 3.70 (0.52) (9), 

Control group CHD patients g/
dL(number of patients) baseline 
3.74 (0.4) (21), 3 months 3.76 
(0.45) (19), 6 months 3.77 (0.45) 
(20), 9 months 3.81 (0.39) (21), 
12 months 3.81 (0.41) (20)

Mean arm muscle area: 
Nocturnal HD patients values in cm², (number of 
patients)  baseline 45.83 (11.53) (11), 3 months 
45.85 (12.07) (10), 6 months 47.29 (11.66) (8), 9 
months 43.33 (10.56) (6), 12 months 43.80 (10.64) 
(5), 
Fat mass: The daily HD and nocturnal HD groups 
did not show significant differences, they 
remained 32% or greater for daily HD patients, 
and 36% or greater for nocturnal HD patients
 (no data shown)
BMI: No significant changes. Mean BMI’s for daily 
HD was >27, nocturnal HD >23, and control HD 
patients >26

RBW: Daily HD patients maintained 100% to 
110%% of RBW, nocturnal HD patients showed a 
significant decline in RBW after 9 months. By that 
point in the study, their values approached 80% 
of RBW, indicating a significant decline (no data 
shown)

Energy intake: Food intake 
remained unchanged, with a 
trend toward improved kilojoule 
ingestion in daily HD patient, but 
not significant P=0.126
 (no data shown)

Increased nPNA, serum 
albumin levels, and arm 
muscle area suggest that 
daily HD patients experienced 
improved nutritional status. (No 
conclusions of NHD)

This study compared daily HD 
and NHD with a control group 
on CHD. The results of the 
daily HD are not shown in this 
systematic review. 

All figures are shown in mean (± standard deviation), unless stated otherwise. 

Abbreviations: PCR: protein catabolic rate; nPCR: normalized protein 
catabolic rate; CRP: C-reactive protein; BMI: body mass index; ECW: 
extracellular water; MUAMC: mid upper arm muscle circumference; TBW: 
total body water; ICW: intracellular water; BCM: body cell mass; nPNA: 
normalized protein nitrogen appearance; IQR: inter quartile range; RBW: 
relative body weight.
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Author Results of biochemical 
measurements on 
nutrition

Results of body composition Results of food records Conclusion of the authors Comments

Spanner, 2003 nPNA:
NHD patients g/kg/day, 
(number of patients) baseline 
1.03 (0.21) (12), 3 months 1.15 
(0.27) (7), 6 months 1.09 (0.30) 
(8), 9 months 1.14 (0.31) (10), 
12 months 1.16 (0.45) (8), CHD 
patients g/kg/day, (number 
of patients) baseline 1.02 ± 
0.22 (22), 3 months 1.02 (0.16) 
(21), 6 months 1.05 (0.21) (17), 
9 months 1.07 (0.23) (18), 12 
months 1.12 (0.30) (20), Serum 
albumin: 
Nocturnal HD patients g/dL, 
(number of patients) baseline 
3.91 (0.44) (13), 3 months 3.84 
(0.46) (12), 6 months 3.92 (0.66) 
(13), 9 months 3.60 (0.58) [7] 
(10), 12 months 3.70 (0.52) (9), 

Control group CHD patients g/
dL(number of patients) baseline 
3.74 (0.4) (21), 3 months 3.76 
(0.45) (19), 6 months 3.77 (0.45) 
(20), 9 months 3.81 (0.39) (21), 
12 months 3.81 (0.41) (20)

Mean arm muscle area: 
Nocturnal HD patients values in cm², (number of 
patients)  baseline 45.83 (11.53) (11), 3 months 
45.85 (12.07) (10), 6 months 47.29 (11.66) (8), 9 
months 43.33 (10.56) (6), 12 months 43.80 (10.64) 
(5), 
Fat mass: The daily HD and nocturnal HD groups 
did not show significant differences, they 
remained 32% or greater for daily HD patients, 
and 36% or greater for nocturnal HD patients
 (no data shown)
BMI: No significant changes. Mean BMI’s for daily 
HD was >27, nocturnal HD >23, and control HD 
patients >26

RBW: Daily HD patients maintained 100% to 
110%% of RBW, nocturnal HD patients showed a 
significant decline in RBW after 9 months. By that 
point in the study, their values approached 80% 
of RBW, indicating a significant decline (no data 
shown)

Energy intake: Food intake 
remained unchanged, with a 
trend toward improved kilojoule 
ingestion in daily HD patient, but 
not significant P=0.126
 (no data shown)

Increased nPNA, serum 
albumin levels, and arm 
muscle area suggest that 
daily HD patients experienced 
improved nutritional status. (No 
conclusions of NHD)

This study compared daily HD 
and NHD with a control group 
on CHD. The results of the 
daily HD are not shown in this 
systematic review. 

All figures are shown in mean (± standard deviation), unless stated otherwise. 

Abbreviations: PCR: protein catabolic rate; nPCR: normalized protein 
catabolic rate; CRP: C-reactive protein; BMI: body mass index; ECW: 
extracellular water; MUAMC: mid upper arm muscle circumference; TBW: 
total body water; ICW: intracellular water; BCM: body cell mass; nPNA: 
normalized protein nitrogen appearance; IQR: inter quartile range; RBW: 
relative body weight.

[1] P < 0.01 compared to baseline. 
[2] P < 0.0001 compared to baseline.

[3] Adjusted for age, gender, presence or absence of diabetes, BMI, dialysis 
duration, center effect and the baseline level of the factor analysed. 

[4] Repeated-measures analyses comparing baseline CHD with 4 and 8 
months of NHHD. 

[5] The effect size is showed only for parameters that changed significantly in 
the repeated-measures analysis. 

[6] Adjusted means and treatments effects. Adjusted means and treatment 
effects were estimated under mixed-effects models with adjustment for 
the baseline level of the outcome and clinical center in the Daily Trail, and 
the baseline level of the outcome in the Nocturnal Trial (± s.e. or with 95% 
confidence interval).

[7] P = <0.05 for indicated value versus baseline at that time. 
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Abstract

Objective: Higher IDWG is associated with higher predialysis blood pressure and 
increased mortality but IDWG is also increasingly being recognized as an indicator 
of nutritional status. We studied in detail the causes and consequences of IDWG.  
Design: Retrospective. 
Setting: We collected data of one week for IDWG, nutritional and hemodynamic 
parameters. 
Subjects: 138 prevalent adult hemodialysis patients on a thrice-weekly 
hemodialysis schedule.
Intervention: A multivariate linear regression analysis and the Bayesian Information 
Criterion for model selection were employed to identify patient factors including 
various nutritional parameters that are associated with IDWG or with IDWG as 
percentage of dry body weight (%IDWG).
Main outcome measure: IDWG, nutritional and hemodynamic parameters.
Results: The mean (±SD) age was 62.5 (±18.2) years, 36% were female, 36% had 
diuresis, and 23% had diabetes. Patients in the highest IDWG tertile were significantly 
younger, more frequently male, and had a significantly higher subjective global 
assessment score (SGA). In multivariate analysis, a higher IDWG was associated 
with a younger age, male gender, absence of diuresis, lower postdialysis plasma 
sodium levels, and an increased protein catabolic rate (PCR). The model with these 
five parameters explained 34% of the variance of IDWG. Similar findings were 
ascertained for %IDWG. Predialysis, intradialysis, and postdialysis diastolic blood 
pressure was significantly higher in the highest tertile of IDWG.
Conclusion: In this study, we confirm previously reported association between 
IDWG and nutritional status; however, our results do not clarify the exact cause 
effect relationship. The most important determinants of IDWG are age, gender, 
diuresis, postdialysis sodium, and PCR. Patients with the highest IDWG have 
significantly higher diastolic blood pressures. Being male and of young age are 
major risk factors for a significantly higher IDWG which suggests a need for careful 
guidance of these patients. 
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Introduction 

Interdialytic weight gain (IDWG) is the result of salt and water intake between two 
hemodialysis sessions. IDWG is used as a parameter for fluid intake while taking 
the daily urine output into account1,2. A higher IDWG is associated with higher 
predialysis blood pressure2,3, greater intradialytic reductions in blood pressure as a 
result of higher ultrafiltration rates4, and increased mortality5-7. 

At the same time, IDWG is increasingly being recognized as an indicator of 
nutritional status2,8-11. Malnutrition is considered as a major complication among 
hemodialysis patients and can result in increased morbidity and mortality12,13. 
Causes of malnutrition in dialysis patients are multi-factorial and include reduced 
appetite and food intake12,14,15, protein-energy wasting as a result of chronic 
inflammation16, and reduced physical activity17. Several studies demonstrated that 
a greater IDWG is directly associated with improved nutritional status2,10,11. Usvyat 
et al. recently showed that IDWG began to decline a year before death indicating 
that a decrease in IDWG has short-term adverse prognostic significance18. Thus, 
on the one hand, higher IDWG is associated with adverse effects such as higher 
blood pressure, however, on the other hand, higher IDWG may be associated with 
favorable effects such as better nutritional status.

The goal of this study was to identify the most important determinants 
and consequences of a high IDWG in an effort to disentangle its ambiguous 
associations. To achieve this, we meticulously examined a cohort of 138 patients 
on a thrice-weekly hemodialysis schedule. 
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Methods

Participants and Study design
We retrospectively collected data from 138 hemodialysis patients scheduled 
for thrice weekly hemodialysis who were older than 18 years and had been 
undergoing hemodialysis treatment for at least three months. Patients with a short 
life expectancy were excluded from the analysis. We used data of IDWG, various 
nutritional parameters, and hemodynamic measurements during one week from 
the patients’ records in November 2012. The study was performed in accordance 
with the principals of the Declaration of Helsinki and guidelines for Good Clinical 
Practice.

Dialysis regimens and Dietary consultation 
Dialysis treatment consisted of conventional hemodialysis or home hemodialysis 
thrice weekly for four to five hours with blood flows and dialysate flows of 250-
350 ml/min and 500-700 ml/min, respectively. All patients were dialyzed with 
low-flux polysulphone dialyzers and a constant dialysate conductivity of 13.9 mS/
cm. The dialysate composition was as follows: sodium 139 mmol/l, potassium 1.0 
or 2.0 mmol/l, calcium 1.5 mmol/l, magnesium 0,5 mmol/l, chloride 108 mmol/l, 
bicarbonate 34 mmol/l, acetate 3 mmol/l, glucose 1.0 g/l. Low-molecular-weight 
heparin was used as an anticoagulant.

Dry weight was evaluated clinically (peripheral oedema, signs of pulmonary 
congestion, intra- and interdialytic blood pressure course, muscle cramps) in 
combination with the predialysis cardiothoracic ratio on a chest X-ray as a surrogate 
marker of hydration status.

All patients had regular contact with the dietician every four to six weeks 
according to usual clinical practice. During these visits, the nutritional status was 
evaluated, and changes in weight, laboratory results, and appetite were monitored. 

Measurements
For all of the patients, we collected demographic data including age, gender, 
level of education, and patient characteristics such as dialysis vintage, weight, and 
length. Body mass index (BMI) was calculated as: post-dialysis weight (kg)/length 
(m)2. Cardiovascular history was defined as any history of ischemic heart disease, 
congestive heart failure, stroke or peripheral vascular disease, and hypertension. 
Residual renal function was defined as diuresis ≥200 ml/day. Equilibrated Kt/V was 
calculated from pre- and postdialysis plasma urea concentration according to the 
second generation logarithmic Daurgirdas equation19.

The nutritional status of the patients was assessed with various parameters: 
the seven-point subjective global assessment (SGA), serum albumin, dry body 
weight, BMI, and protein catabolic rate (PCR). The SGA has been described 
and validated in dialysis patients in the Netherlands Cooperative Study on the 
Adequacy of Dialysis20. A score of ‘1’ indicates severe protein energy wasting, and 
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a score of ‘7’ indicates a normal nutritional status. Blood samples were collected 
in heparin-coated tubes from the arterial line at the initiation and at the end of 
the first hemodialysis session of the study week in order to determine sodium and 
albumin levels. Plasma sodium was measured with the indirect method of ion-
selective electrode on a Roche Modular (Hitachi, Tokyo, Japan). 

IDWG was calculated as predialysis weight minus the postdialysis weight of the 
previous hemodialysis session and also as a percentage of dry weight (%IDWG)9. 
The ultrafiltration rate was calculated by dividing the ultrafiltration volume by 
the length of time of the dialysis session and target dry weight. Blood pressure 
was measured with an automatic oscillometric monitor that is incorporated in 
the hemodialysis apparatus. The results of IDWG, ultrafiltration volume and rate, 
and blood pressure for the three hemodialysis sessions in the study week were 
averaged. 

Statistical Analyses
Data are reported as mean±SD for continuous variables with normal distributions 
and numbers (percent) for categorical data. Demographic characteristics, 
laboratory data, and blood pressures were categorized into tertiles of IDWG and 
%IDWG. Differences between tertiles were analyzed with ANOVA followed by 
Tukey’s honest post hoc test. For categorical data, the Pearson Chi-Square test was 
used.

A multivariate linear regression analysis was utilized to identify patient factors 
including various nutritional parameters that were associated with IDWG and/
or %IDWG. IDWG or %IDWG was entered as a response variable. The following 
possible explanatory variables were entered into the model: age, gender, BMI, Kt/V, 
dialysis vintage, diuresis, diabetes, SGA, PCR, serum albumin, and predialysis and 
postdialysis plasma sodium concentration (Figure 1). Next, to identify variables 
significantly contributing to IDWG, the Bayesian Information Criterion (BIC) for 
model selection was used21. The multivariate linear regression analysis and BIC 
were repeated with the explanatory variables of height and dry body weight in 
addition to the above parameters. 

Statistical analyses were performed with SPSS version 20 (SPSS inc., IBM 
company, USA) and statistical programming language R (R Development Core 
Team)22. Two-tailed P-values <0.05 were considered statistically significant.
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Figure 1. Schematic representation of possible causes and consequences of 
IDWG.
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Table 1. Patient characteristics for the total group and according to tertiles of 
absolute IDWG.

Variables

Hemo-
dialysis
(n=138)

Tertile 1
<1.48L
n= 46

Tertile 2
1.48-2.09L

n= 46

Tertile 3
>2.09L
n= 46 P

Age (years) 62.5±18.2 68.0±17.6 63.9±17.4 55.7±17.7 0.004

Gender (female) 50 (36%) 23 (50%) 20 (43%) 7 (15%) 0.001*

Level of education (n=135) 0.824

     No education 
/ elementary 
school 23 (17%) 9 (20%) 5 (11%) 9 (20%)

     Secondary school 
/ high school 65 (47%) 22 (48%) 21 (46%) 22 (48%)

     Secondary voca-
tional school 34 (25%) 10 (22%) 13 (28%) 11 (24%)

     Higher professio-
nal education / 
university 13 (9%) 3 (7%) 6 (13%) 4 (9%)

Dry body weight 
(kg) 74.5±14.7 73.4±13.9 70.6±14.8 79.6±14.1 0.009*

Height (cm) 172±10.0 169±10.0 170±8.9 177±9.3 0.000*

Body mass index 
(kg/m2) 25±4.3 25.5±4.2 24.2±4.6 25.3±3.9 0.305

Kt/V 4.39±0.80 4.36±0.90 4.48±0.72 4.32±0.80 0.617

Dialysis vintage 
(years) 3.5±3.5 3.2±3.5 3.0±2.8 4.2±4.1 0.193

Weekly dialysis du-
ration (h/week) 12.0±0.9 11.5±0.94 12.0±0.67 12.5±0.70 0.000*

Residual diuresis 49 (36%) 24 (52%) 15 (33%) 10 (22%) 0.008*

Diabetes Mellitus 32 (23%) 6 (13%) 13 (28%) 13 (28%) 0.136

Cardiovascular 
history 95 (69%) 31 (67%) 35 (76%) 29 (63%) 0.388

Nutritional status

Subjective Global 
Assessment (SGA) 5.5±1.4 5.43±1.50 5.11±1.52 6.07±1.04 0.004*

SGA category 0.219

     Severe malnutriti-
on (SGA 1-2) 8 (6%) 4 (9%) 3 (7%) 1 (2%)

     Mild malnutrition 
(SGA 3-5) 45 (33%) 15 (33%) 19 (41%) 11 (24%)

[continued]
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Variables

Hemo-
dialysis
(n=138)

Tertile 1
<1.48L
n= 46

Tertile 2
1.48-2.09L

n= 46

Tertile 3
>2.09L
n= 46 P

 Good nutritional 
state (SGA 6-7) 85 (62%) 27 (59%) 24 (52%) 34 (74%)

PCR (g/day) 69.0±19.6 65.3±18.1 66.9±21.7 74.6±17.9 0.051

nPCR (g/kg/day) 0.93±0.24 0.91±0.22 0.95±0.25 0.94±0.23 0.683

Albumin (g/l) 39.8±3.4 39.4±3.3 39.5±3.0 40.4±3.9 0.281

Predialysis plasma 
sodium (mmol/l) 138±3.6 138.5±2.95 137.8±3.78 137.5±3.90 0.433

Postdialysis plasma 
sodium (mmol/l) 138±2.3 138.5±1.88 137.2±2.34 137.8±2.55 0.024*

Treatment  
characteristics

Absolute IDWG 1.79±0.9 0.82±0.53 1.79±0.20 2.75±0.54 0.000*

%IDWG (% of dry 
body weight) 2.44±1.2 1.16±0.83 2.64±0.54 3.52±0.74 0.000*

UF rate (ml/hour) 541±196 343±145 548±63 731±124 0.000*

Abbreviations: SGA: subjective global assessment; (n)PCR: (normalized) 
protein catabolic rate; IDWG: Interdialytic weight gain; UF: ultrafiltration.

P values: differences in means between the 3 groups tested by ANOVA.

Results

Patient characteristics
Patient characteristics are depicted in Table 1. The mean (±SD) age was 62.5 (±18.2) 
years, 36% were female, 36% had diuresis, and 23% had diabetes. Patients in the 
highest IDWG tertile were significantly younger (P=0.004), more frequently male 
(P=0.001), taller (P<0.0001), heavier (P=0.009), and had a significantly higher SGA 
(P=0.004) compared with patients in the other tertiles (Table 1). Similar results 
were obtained for %IDWG (data not shown). 

IDWG and possible explanatory variables
In the multivariate linear regression model with optimizing BIC, the response 
variable IDWG was significantly associated with the explanatory variables age, 
gender, the presence of residual diuresis, postdialysis sodium levels, and PCR. The 
model incorporating these five variables explained 34% of the variance of absolute 
IDWG (Table 2). The response variable %IDWG was significantly associated with 
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age, BMI, the presence of residual diuresis, post-dialysis sodium levels and PCR. The 
model with these five variables explained 37% of the variance of the %IDWG (Table 
3). Age had a negative effect on IDWG whereby one year of older age resulted 
in a decrease of 0.013 kg and 0.022% in absolute IDWG and %IDWG, respectively. 
The IDWG of female patients was 0.432 kg less compared to men. However, we 
found no evidence for an association between %IDWG and gender. BMI was 
negatively associated with %IDWG but not with absolute IDWG. The presence 
of residual diuresis was associated with a significantly lower IDWG and %IDWG. 
PCR was positively associated with both IDWG and %IDWG. Postdialysis sodium 
levels had a negative association with both IDWG and %IDWG: higher postdialysis 
sodium levels were associated with lower IDWG and %IDWG. Since this was an 
unexpected finding, we analyzed the course of pre- to postdialysis plasma sodium 
concentration per tertile (Supplementary Figure 1). Patients in the middle and 
highest IDWG tertiles had a lower plasma sodium concentration, both pre- and 
postdialysis, compared with patients in the lowest IDWG tertile (Table 1). However, 
differences between the IDWG tertiles were only significant for postdialysis sodium 
concentration (Table 1). The other tested dependent variables (Kt/V, dialysis 
vintage, diabetes, SGA, serum albumin, and predialysis plasma sodium level) did 
not significantly contribute to explaining the variance of absolute IDWG or %IDWG. 

 
Table 2. Multivariate linear regression analysis with model building strategy 
Bayesian Information Criterion (BIC) – factors that are associated with 
absolute IDWG.

95% CI

Estimate SE T P Lower Upper

Age (years) -0.0134 0.004 -3.72 0.000 -0.021 -0.006

Gender (female) -0.432 0.142 -3.04 0.003 -0.713 -0.150

Diuresis (yes) -0.645 0.134 -4.81 0.000 -0.910 -0.380

PCR (g/day) 0.009 0.004 2.44 0.016 0.002 0.016

Postdialysis 
plasma sodium 
(mmol/l)

-0.085 0.028 -3.01 0.002 -0.140 -0.031

IDWG was entered as a response variable, the other parameters as explanatory 
variables. The variance of absolute IDWG is explained for 34% by the explanatory 
variables. Abbreviations: SE: standard error; CI : confidence interval.
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Table 3. Multivariate linear regression analysis with model building strategy 
Bayesian Information Criterion  (BIC) – factors that are associated with %IDWG. 

95% CI

Estimate SE T P Lower Upper

Age (years) -0.022 0.005 -4.62 0.000 -0.031 -0.012

BMI -0.087 0.021 -4.14 0.000 -0.129 -0.046

Diuresis (yes) -0.909 0.177 -5.14 0.000 -1.259 -0.559

PCR (g/day) 0.010 0.005 2.05 0.043 0.000 0.020

Postdialysis  
sodium (mmol/l)

-0.102 0.036 -2.79 0.006 -0.174 -0.030

Relative IDWG was entered as a response variable, and the other parameters 
as explanatory variables. The variance of %IDWG is explained for 37% by the 
explanatory variables. Abbreviations: SE: standard error; CI: confidence interval.

Since we determined a significant difference in body length between the 
tertiles of IDWG, we performed a separate analysis with the additional parameters 
of body length and body weight. The multivariate linear regression model, after 
optimizing BIC, provided evidence that the response variable IDWG is significantly 
associated with the explanatory variables of age, body length, the presence of 
residual diuresis, postdialysis sodium levels, and PCR. This model explained 35% of 
the variance of the absolute IDWG. Thus, in this additional analysis, taller patients 
had a higher absolute IDWG whereas gender failed to maintain a major contribution 
to the model. The response variable %IDWG was significantly associated with age, 
BMI, the presence of residual diuresis, postdialysis sodium levels, and PCR. This 
model explained 36% of the variance of the %IDWG. Thus, for %IDWG, the analysis 
with the additional variables of body length and body weight yielded identical 
results as those in the original analysis.

Effect of gender and age
The observation that IDWG was negatively associated with age and was also higher 
in males suggests that younger males had the highest IDWG. As demonstrated in 
Figure 2a, younger males (median age ≤65 years (yr)) indeed had a significantly 
higher IDWG compared with younger females (median age ≤69.5 yr, P=0.002), 
older females (median age > 69.5 yr, P=0.000), and older males (median age  65 
yr, P=0.008). For %IDWG, there was only a significant difference between younger 
males (median age ≤ 65 yr) and older females (median age >69.5 yr, P=0.030) 
(Figure 2b).
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Figure 2. Absolute IDWG and %IDWG according to age and gender.
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IDWG and blood pressure 
Pre-, intra- and postdialysis systolic blood pressure did not vary significantly 
between tertiles of IDWG. Predialysis, intradialysis, and postdialysis diastolic blood 
pressure (DBP) was significantly higher in the highest IDWG tertile compared 
with the lowest tertile (Table 4, Figures 3a and 3b). For %IDWG, predialysis and 
intradialysis DBP was significantly higher in the highest %IDWG tertile compared 
with the lowest tertile (Table 5, Figure 3c and 3d).

Table 4. Differences in blood pressures between tertiles of absolute IDWG. 

Tertile 1
IDWG

<1.48 L 
(N=46)

Tertile 2 
IDWG
1.48 – 
2.09 L

(N = 46)

Tertile 3
IDWG

>2.09 L
(N = 46)

P# 95% CI for 
differences 
between 
tertiles 

Tertiles

SBP (mm/Hg) 
predialysis 143.3±22.3 143.4±25.4 149.5±24.6 0.367

1 – 2
3 – 2
3 – 1

-12.01 – 11.82
-5.77 – 18.06
-5.68 – 18.16

DBP (mm/Hg) 
predialysis 67.4±12.6 65.6±12.0 74.9±15.5 0.003*

1 – 2
3 – 2
3 – 1

-4.90 – 8.37
2.64 – 15.91*
0.90 – 14.17*

SBP(mm/Hg) 
intradialysis 133.1±21.3 132.0±26.3 135.6±23.4 0.766

1 – 2
3 – 2
3 – 1

-10.77 – 13.05
-8.40 – 15.70
-9.68 – 14.69

DBP (mm/Hg) 
intradialysis 64.1±12.4 61.9±12.8 72.6±16.1 0.001*

1 – 2
3 – 2
3 – 1

-4.70 – 9.10
3.65 – 17.62*
1.37 – 15.49*

SBP (mm/Hg) 
postdialysis 142.7±24.4 135.7±27.0 134.3±26.2 0.250

1 – 2
3 – 2
3 – 1

-5.8 – 19.80
-14.24 – 11.35
-21.24 – 4.35

DBP (mm/Hg) 
postdialysis 66.4±12.6 62.0±10.3 70.5±14.4 0.006*

1 – 2
3 – 2
3 – 1

-1.81 – 10.57
2.31 – 14.69*
-2.07 – 10.31

Abbreviations: IDWG: interdialytic weight gain; CI: confidence interval; SBP: 
systolic blood pressure; DBP: diastolic blood pressure.

#P value denotes differences between the tertiles with ANOVA. Differences 
between the groups were analyzed with a post-hoc Tukey Honest test.
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Table 5. Differences in blood pressures within tertiles of %IDWG.

Tertile 1
IDWG

<2.00% 
(N=46)

Tertile 2 
IDWG
2.00 – 
2.97%

(N = 46)

Tertile 3
IDWG

>2.97%
(N = 46)

P# 95% CI for 
differences 
between  
tertiles 

Tertiles

SBP (mm/Hg) 
predialysis 143.9±21.3 142.4±25.2 149.9±25.5 0.294

1 – 2
3 – 2
3 – 1

[-10.38 – 13.42]
[-4.44 – 19.36]
[-5.96 – 17.84]

DBP (mm/
Hg) 
predialysis

66.6±12.4 66.7±12.5 74.7±15.4 0.005*
1 – 2
3 – 2
3 – 1

[-6.76 – 6.58]
[1.35 – 14.68]*
[1.43 – 14.77]*

SBP(mm/Hg) 
intradialysis 133.3±20.9 131.7±24.7 135.7±25.6 0.732

1 – 2
3 – 2
3 – 1

[-10.32 – 13.48]
[-8.09 – 16.13]
[-9.67 – 14.55]

DBP (mm/
Hg) 
intradialysis 

63.3±12.4 63.4±13.8 71.7±15.7 0.008*
1 – 2
3 – 2
3 – 1

[-7.08 – 6.93]
[1.17 – 15.42]*
[1.25 – 15.50]*

SBP (mm/Hg) 
postdialysis 142.3±23.6 136.1±26.9 134.3±27.1 0.305

1 – 2
3 – 2
3 – 1

[-6.64 – 18.99]
[-14.63 – 11.00]
[-20.80 – 4.83]

DBP (mm/
Hg) 
postdialysis 

65.6±11.7 63.6±12.4 69.7±14.1 0.071
1 – 2
3 – 2
3 – 1

[-4.32 – 8.29]
[-0.24 – 12.37]
[-2.23 – 10.38]

Abbreviations: IDWG: interdialytic weight gain; CI: confidence interval; SBP: 
systolic blood pressure; DBP: diastolic blood pressure.

#P value denotes differences between the tertiles with ANOVA. Differences 
between the groups were analyzed with a post-hoc Tukey Honest test.
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Figure 3. Differences in blood pressures between IDWG tertiles for absolute 
IDWG and %IDWG.  
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Discussion

In this study, we found that a higher IDWG was notably evident for those of a 
younger age, male gender, presence of residual diuresis, lower postdialysis sodium 
levels, and higher PCR. In a combined analysis of age and gender, younger men 
had the highest IDWG, and patients with a higher IDWG had significantly higher 
diastolic blood pressures. 

Our finding that age is an important determinant of IDWG is in accordance 
with previous studies23,24. Residual diuresis is an obvious determinant of IDWG and 
reveals that it is important to maintain residual diuresis. 

PCR was positively associated with IDWG. SGA was significantly higher in the 
highest IDWG tertile, however, in multivariate analysis, SGA did not significantly 
contribute to IDWG. Other nutritional indicators such as serum albumin and BMI 
did not have significant associations with IDWG. 

In this study, we substantiate the previously reported association between 
IDWG and nutritional status2,8,10,11, but our results do not exactly clarify the cause 
effect relationship underlying this association. A higher PCR could be a cause rather 
than a consequence of higher IDWG. When in a steady state, PCR mirrors protein 
anabolism/protein intake. A higher protein intake could reflect a higher overall 
metabolic rate with more substantial amounts of proteins, carbohydrates, and fats 
used for energy production and the subsequent generation of carbon dioxide and 
water. The carbon hydrate is eliminated from the body by pulmonary ventilation 
whereas the water will result in higher IDWG. However, the contribution of this 
effect to the total IDWG has not yet been quantified. Additionally, it is conceivable 
that patients who consume more protein have a higher salt intake resulting in 
osmometric thirst and an increase in IDWG.

Salt intake is a major determinant of IDWG25. Hemodialysis patients primarily 
have osmometric thirst of which salt intake is the primary cause9,25, however, 
during hemodialysis, there may also be diffusive sodium transfer to the patient. 
Immediately following a dialysis session, patients may also experience volumetric 
thirst caused by hypovolemia as a result of the ultrafiltration of fluid25. Several 
studies found that diffusive sodium transfer to the patient during hemodialysis 
contributed to incomplete sodium removal which could be prevented by 
individualizing the dialysate sodium prescription26-29. Combined dietary and 
dialytic sodium restriction can possibly prevent volume overload in hemodialysis 
patients27,30.  

Remarkably, higher postdialysis sodium levels were associated with a lower 
IDWG. This contrasts with the general belief that higher postdialysis plasma sodium 
levels induce thirst and subsequent increased fluid intake. This can possibly be 
explained by the fact that patients with a high IDWG often begin hemodialysis 
with a low plasma sodium concentration resulting from dilution that does not rise 
to normal levels during treatment despite diffusive sodium transfer to the patient 
during hemodialysis. Our finding that postdialysis plasma sodium concentrations 
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indeed differ between the IDWG tertiles may suggest that this could be the case 
(Supplementary Figure 1). Additionally, patients with a high IDWG often do not 
achieve their dry weight by the end of the dialysis session and may have a decreased 
postdialysis plasma sodium concentration as a result of dilution. There are only a 
minimal number of studies that have specifically studied the association between 
postdialysis plasma sodium levels and IDWG. To the best of our knowledge, there 
is only one study that found a trend towards higher postdialysis sodium levels with 
higher IDWG, but this was not statistically significant31. A few authors measured 
predialysis and postdialysis plasma sodium concentration and suggested that 
postdialysis sodium reflects the prescription of the dialysate sodium32,33. However, 
in neither of these studies was the relation between postdialysis plasma sodium 
levels and IDWG studied. All of our patients were dialyzed with a dialysate sodium 
concentration of 139 mmol/l. Thus, differences in sodium dialysate concentration 
cannot explain the association between the higher postdialysis sodium levels and 
lower IDWG. Notably, predialysis sodium in our study was not associated with 
higher IDWG, however, in other studies, a relationship between low predialysis 
plasma sodium and high IDWG was found30,34.

In our study, patients with the highest IDWG had a significantly higher 
predialysis DBP. This observation is in accordance with previous studies2-4. Inrig 
et al. found that a higher %IDWG was associated with higher predialysis blood 
pressure4. Kuipers et al. found that predialysis blood pressure is highest during 
the first dialysis session of the week probably due to a more pronounced fluid 
overload3. Patients with the highest IDWG also had a significantly higher DBP 
during and after dialysis. These findings are in line with other studies and are a 
consequence of a higher IDWG3,26,35.

According to the EBPG guidelines, diet restrictions for fluids do not need to 
be adjusted for weight, gender, body composition, or age. The guidelines for daily 
fluid intake vary from 500 to 1000 ml in addition to daily urine output, although 
4.0-4.5% weight gain as a percentage of dry weight may be acceptable in patients 
with an optimal nutritional intake and salt restriction9. Our results show that various 
factors affect IDWG. Being both young and male is associated with a higher IDWG. 
Flythe et al. suggested a different approach to the fluid guidelines that focuses 
on the amount of time of the treatment that allow target levels of ultrafiltration 
to be achieved without exceeding ultrafiltration rates of 10 ml/hour/kg dry 
body weight while still respecting a minimum time to enable beneficial dialysis 
efficiency36. Besides fluid restriction, longer and/or more frequent dialysis sessions 
have been suggested to decrease the IDWG36,37. However, various studies indicated 
an increase in daily fluid intake after the transition from conventional to frequent 
nocturnal hemodialysis38-40. Munoz Mendoza et al. demonstrated that patients 
undergoing thrice-weekly in-center nocturnal hemodialysis with lower sodium 
concentrations in the dialysate experienced a lower IDWG and predialysis systolic 
blood pressure compared with treatment on dialysate sodium concentrations of 
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the standard 140 mEq/L37. Modification of dialysate sodium concentrations should 
also be considered as a tool to lower the IDWG37.

A limitation of our study is the relatively small number of patients. However, 
our results are robust and in accordance with previous studies. The use of predialysis 
serum albumin concentration as a marker for nutritional status in studies on IDWG 
is limited by possible dilution as a result of fluid overload41,42. The strong points 
are that we created comprehensive models of factors that may be associated with 
IDWG including nutritional parameters and that we also focus on the relation 
between IDWG and blood pressure. 

Our overall conclusion is that the major determinants of the IDWG in our 
cohort are age, gender, diuresis, PCR, and postdialysis sodium. Being male and of a 
young age are major risk factors for a significantly higher IDWG suggesting a need 
for careful guidance of these patients. Our findings provide evidence for a more 
personalized fluid and sodium restriction. 
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Supplementary Figure 1. Course of pre- and postdialysis plasma sodium 
concentration per absolute IDWG tertile. 
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Summary and general discussion

The central theme of this thesis is how the transition from conventional hemodialysis 
to nocturnal hemodialysis affects nutritional status and body composition. 
Malnutrition is extremely prevalent in hemodialysis patients1,2 and may result in 
loss of muscle mass and poor physical functioning3-5. Malnutrition is also a major 
predictor of increased morbidity and mortality6,7. At the time we initiated this 
research, there was limited evidence suggesting that nocturnal hemodialysis could 
improve nutritional parameters8-11. If confirmed, this finding could have significant 
clinical importance since, in the standard clinical hemodialysis practice, it is difficult 
to improve the nutritional status of malnourished dialysis patients12. 

Frequent nocturnal hemodialysis is currently the most intensive method of 
hemodialysis and, consequently, decreases the plasma levels of uremic toxins 
much more than conventional hemodialysis. In 2004, the Dialysis Center Groningen 
began a nocturnal home hemodialysis program. During contact moments with 
the dietician, many of the patients reported a marked increase in appetite and 
several had an increase in body weight. Many patients also mentioned changes 
in preferences for certain food products during the first months following the 
transition to frequent nocturnal home hemodialysis. To study this in more detail, 
we compared the food preferences between patients receiving frequent nocturnal 
home hemodialysis and three control groups: patients on conventional in-center 
hemodialysis, patients on conventional home hemodialysis, and healthy controls 
(Chapter 2). We hypothesized that patients receiving nocturnal home hemodialysis 
had an increased food intake as a result of a change in food preferences compared 
to patients on conventional hemodialysis. Contrary to our expectations, we 
determined no consistent differences in food preferences between patients on 
frequent nocturnal home hemodialysis and the control groups. There were also no 
differences in the preference for food-product groups or flavor groups between 
the nocturnal home hemodialysis patients and the control groups. Thus, the 
increase in food intake after the conversion from conventional to nocturnal home 
hemodialysis does not appear to be explained by a change in food preference. 

Preliminary results from Dianet (Utrecht), the first dialysis center to introduce 
a nocturnal home hemodialysis program in the Netherlands, demonstrated that 
many patients experienced an increase in energy and protein intake during the 
first year following the transition from conventional to frequent nocturnal home 
hemodialysis, and a number of these patients gained weight8. Our first observations 
in daily practice were in accordance with these results as most patients actually 
did report an improved appetite and several gained weight after the transition. At 
that time, there were only a small number of other studies that had investigated 
changes in food intake after the transition from conventional to nocturnal home 
hemodialysis9-11. Most of these studies were limited and/or of short duration. The 
goal of the study described in Chapter 3, therefore, was to examine in detail 
whether patients who make the transition from conventional hemodialysis to 
nocturnal home hemodialysis did indeed increase their food intake with a special 
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emphasis on protein intake. This was prospectively studied with 5-day dietary 
journals in 15 patients. Protein intake increased significantly after the transition 
from conventional to nocturnal home hemodialysis. Other changes in nutritional 
intake included significant increases in potassium and phosphate intake and a 
non-significant increase in fat intake. Despite the increased intake of potassium 
and phosphate, plasma levels of potassium and phosphate were within the target 
range. Phosphate binders were discontinued in almost all of the patients, and eight 
of the 15 patients on nocturnal home hemodialysis even required intravenous 
phosphate supplementation to prevent hypophosphatemia. Theoretically, it could 
be expected that the combination of an increased protein intake and increased 
physical activity during nocturnal hemodialysis as reported by Chan13 would result 
in a gain in body weight and/or muscle mass. However, the increase in protein 
intake while receiving nocturnal home hemodialysis was not accompanied by 
significant gains in post-dialysis body weight, body mass index, or upper arm 
circumference over an eight month period. 

This intriguing paradox of a higher protein intake without a gain in body 
weight stimulated us to perform a prospective study in which we compared 
the change in body composition over one year between patients on nocturnal 
hemodialysis (both at home and in-center) compared with patients who continued 
receiving conventional hemodialysis (Chapter 4). Body composition was studied 
at baseline and after one year with a Dual Energy X-ray Absorptiometry whole-
body composition scan (DEXA). In this patient group (with patients other than 
those in the study described in Chapter 3), we confirmed that protein intake 
increases significantly after the transition from conventional hemodialysis to 
nocturnal hemodialysis. Remarkably, we again ascertained no significant changes 
in body composition during the first year of nocturnal hemodialysis compared 
with the patients that remained on conventional hemodialysis. We are unable 
to explain this paradox from the results of our studies. A plausible explanation 
could possibly be that a change in hydration status in the first months following 
the conversion from conventional to nocturnal hemodialysis may have concealed 
an increase in lean body mass. Otherwise stated, it is possible that, in the first 
months after the conversion from conventional to nocturnal hemodialysis, lean 
body mass increased whereas post-dialysis weight did not increase as a result of 
better extracellular volume control. However, in this study, we did not observe 
a reduction in the cardiothoracic ratio on a chest X-ray as a surrogate marker of 
hydration status during the first year of nocturnal hemodialysis whereas other 
specific determinants of hydration status were not measured. Although our 
study does not provide evidence for a substantial change in extracellular volume, 
we cannot exclude that changes in hydration status did occur during nocturnal 
hemodialysis. Secondly, the hemodialysis treatment per se may induce a net protein 
catabolic state at the whole-body level and in skeletal muscles14. Various studies 
have indeed demonstrated that hemodialysis while fasting results in a negative 
protein balance15-17. Intensive hemodialysis such as nocturnal hemodialysis could 
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also possibly result in a more elevated negative protein balance as a result of 
the markedly increased weekly treatment time. Increased amino acid losses as a 
result of the more intensive dialysis could also contribute to the catabolic state. 
The increase in protein intake during nocturnal hemodialysis is possibly, at least 
in part, offset by increased amino acid losses. Notably, it has been demonstrated 
that the consumption of a protein- and energy-enriched meal during conventional 
hemodialysis resulted in a positive protein balance17. However, during nocturnal 
hemodialysis, patients are asleep and generally do not eat. It remains to be studied 
whether a similar intervention during nocturnal hemodialysis would result in 
an increase in fat-free mass. Finally, it is conceivable that an increase in physical 
activity is necessary for the higher protein intake to translate into an increase in 
fat-free (muscle) mass in nocturnal hemodialysis patients. Currently, there are only 
a minimal number of studies with conflicting results that investigated the fitness/
activity of the nocturnal hemodialysis patients13,18. The effect on the nutritional 
status and body composition of nocturnal hemodialysis in combination with a 
structured exercise program has not yet been studied. 

The results of our previous studies all indicate similar consequences: protein 
intake increased after the transition to nocturnal hemodialysis, however, body 
composition did not change. To put our findings into perspective with the 
current state of literature, we performed a systematic review with meta-analysis 
on the effect on nutritional status following the transition from conventional 
hemodialysis to nocturnal hemodialysis (Chapter 5). We specifically examined the 
effect of nocturnal hemodialysis on protein intake, laboratory indices of nutritional 
status, and body composition. From the 13 studies in this systematic review, nine 
studies could be utilized in a meta-analysis on the effect on the nutritional status 
resulting from receiving nocturnal hemodialysis. Only four of these studies were 
control group controlled studies; all nine studies were baseline controlled studies. 
The meta-analyses demonstrated that nocturnal hemodialysis is associated with 
significantly higher protein intake, nPCR, and serum albumin compared with 
conventional hemodialysis. An increase in energy intake was also determined. In 
contrast, body composition parameters such as dry body weight, body mass index, 
and bio-impedance phase angle did not change after the initiation of nocturnal 
hemodialysis. This systematic review is in accordance with our previous findings 
showing significant increases in protein and energy intake and a rise in serum 
albumin levels and nPCR following the conversion to nocturnal hemodialysis 
(Chapters 3 and 4) that are not accompanied by significant changes in body 
composition (Chapter 4).

The markedly increased weekly treatment time during frequent nocturnal 
hemodialysis not only results in a much more substantial weekly removal of uremic 
toxins but also facilitates easier fluid removal. Nocturnal hemodialysis is suggested 
as helping to control excessive fluid intake and decrease the interdialytic weight 
gain (IDWG)19,20. Notably, for a proper comparison of IDWG between patients 
receiving different treatment modalities or frequencies, IDWG should be expressed 
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as daily fluid intake. We ascertained an increase in the daily fluid intake of 500 ml/24 
hours after eight months on nocturnal home hemodialysis compared with baseline 
on conventional hemodialysis (Chapter 3). A number of other studies also found 
an increase in daily fluid intake after the transition from conventional to frequent 
nocturnal hemodialysis21,22. A higher daily fluid intake/IDWG results in higher 
predialysis blood pressure23,24 and a greater mortality rate25-27, but higher IDWG 
is also increasingly recognized as an indicator of a better nutritional status24,28-31 

which is a major determinant of prognosis in hemodialysis patients. In Chapter 6, 
we examined a cohort of 138 conventional hemodialysis patients on a thrice weekly 
schedule in order to identify the most important determinants and consequences 
of a high IDWG in an effort to disentangle the ambiguous associations of IDWG. We 
retrospectively collected data of IDWG, nutritional parameters, and hemodynamic 
measurements. The most significant determinants of a higher IDWG were younger 
age, male gender, having residual diuresis, higher PCR, and lower post-dialysis 
sodium levels. Younger male patients had the highest IDWG. Remarkably, in our 
study, elevated postdialysis sodium levels were associated with a lower IDWG. 
This contrasts with the general belief that higher postdialysis plasma sodium 
levels induce thirst and an increase in fluid intake. We found a positive association 
between IDWG and PCR, however, it cannot be judged from our study what the 
exact cause-effect nature is of the relationship between IDWG and PCR. A higher 
PCR could be a cause rather than a consequence of higher IDWG. When in steady 
state, PCR mirrors protein anabolism/ protein intake. A higher protein intake 
could reflect a higher overall metabolic rate with more substantial amounts of 
proteins, carbohydrates, and fats used for energy production with the subsequent 
generation of carbon dioxide and water. The former is eliminated from the body 
by pulmonary ventilation whereas the latter will result in larger IDWG. It is also 
conceivable that patients who consume more protein also have a higher salt intake 
that may result in osmometric thirst and an even higher IDWG. The subjective 
global assessment was significantly greater in the highest IDWG tertile. Subjective 
global assessment is a tool employed by healthcare providers to assess nutritional 
status and has been validated in dialysis patients32,33. These findings confirm the 
previous studies showing that there is an association between nutritional status 
and IDWG24,28-31. Patients with a higher IDWG exhibited significantly higher diastolic 
blood pressures. All of the factors that influence IDWG should be considered in 
personalized advice regarding fluid and sodium restriction. It remains to be studied 
if this translates into an improvement in the control of IDWG. 
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Future perspectives

This thesis shows that nutritional intake, especially protein intake, improves 
following the transition from conventional hemodialysis to nocturnal hemodialysis. 
Remarkably, we determined no changes in body composition after the transition 
to nocturnal hemodialysis despite the higher protein intake. Prospective and 
preferably randomized trials with a greater number of patients are required to 
study possible changes in the various aspects of nutritional status: food intake, 
laboratory parameters, and body composition after the transition to nocturnal 
hemodialysis. These studies should also address the possible loss of amino acids 
and other nutrients during nocturnal hemodialysis and compare amino acid 
balances with patients receiving conventional hemodialysis. Notably, a previous 
study showed that consuming a protein enriched meal during conventional 
hemodialysis resulted in a positive protein balance17. It should be studied whether 
a similar intervention during nocturnal hemodialysis would result in an increase in 
fat-free mass. Additionally, the effect on nutritional status and body composition 
in combination with a structured exercise program for those receiving nocturnal 
hemodialysis should be studied. 

Practical applications 

Nocturnal hemodialysis, both at home and in-center, has taken a very prominent 
place within the hemodialysis modalities. In many Dutch dialysis centers, in-centre 
nocturnal hemodialysis has become a regular treatment regime. The findings of 
this thesis implicate that it is important to consider nocturnal hemodialysis for 
dialysis patients experiencing suboptimal nutritional status. Patients receiving 
nocturnal hemodialysis have less or no dietary restrictions with favorable 
biochemical results compared with conventional hemodialysis. It should be noted 
that a more substantial nutritional intake is only one of the various reasons for 
making the transition to nocturnal hemodialysis. Nocturnal hemodialysis should 
also be considered for hemodialysis patients for which transplantation is not an 
option in the future and for patients who desire free time during the day for work 
or social reasons. 
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Samenvatting

Een veel voorkomend probleem bij hemodialyse patiënten is ondervoeding 
hetgeen leidt tot verlies van spiermassa en verminderd lichamelijk functioneren. 
Ondervoeding is ook een belangrijke voorspeller voor het optreden van ziekte en 
overlijden. Het centrale thema van dit proefschrift is het effect van de overgang van 
conventionele hemodialyse naar nachtelijke hemodialyse op voedingstoestand 
en lichaamssamenstelling. Het onderzoek, dat beschreven is in dit proefschrift, is 
gestart op een moment dat er nog weinig bekend was over het effect van nachtelijke 
hemodialyse op de voedingstoestand. Indien nachtelijke hemodialyse inderdaad 
gunstig is voor de voedingstoestand dan is dat een belangrijk gegeven voor de 
dagelijkse klinische praktijk, aangezien het tijdens de conventionele hemodialyse 
behandeling niet goed lukt om de voedingstoestand van ondervoede dialyse 
patiënten te verbeteren.

Frequente nachtelijke hemodialyse is de meest intensieve vorm van 
hemodialyse. De concentraties van uremische afvalstoffen in het bloedplasma zijn bij 
NHD veel lager dan bij conventionele hemodialyse. Het Dialyse Centrum Groningen 
is in 2004 gestart met nachtelijke thuishemodialyse. Tijdens de gesprekken 
met de diëtist rapporteerden veel nachtelijke thuishemodialysepatiënten een 
verbeterde eetlust en verscheidene patiënten kwamen aan in gewicht. Daarbij 
rapporteerden veel patiënten een verandering in de voorkeur voor bepaalde 
producten gedurende de eerste maanden na de overgang op nachtelijke 
hemodialyse. Om meer gedetailleerd onderzoek te doen naar deze bevindingen 
hebben we een onderzoek opgezet om de voedselvoorkeur van frequente 
nachtelijke thuishemodialyse patiënten te vergelijken met drie controle 
groepen: conventionele hemodialysepatiënten in het centrum, conventionele 
thuishemodialysepatiënten en een gezonde controlegroep (Hoofdstuk 2). 
Onze hypothese was dat nachtelijke thuishemodialyse patiënten een verhoogde 
voedingsinname hadden door een verandering in voedselvoorkeur vergeleken 
met conventionele hemodialyse patiënten. In tegenstelling tot onze verwachting 
vonden we geen consistente veranderingen in voedselvoorkeur tussen 
nachtelijke thuishemodialysepatiënten en de controle groepen. De toename in 
voedingsinname bij nachtelijke thuishemodialysepatiënten lijkt niet verklaard te 
worden door verandering in voedselvoorkeur. 

Andere centra vonden ook dat de eetlust en voedingsinname toenamen 
na de overgang van conventionele naar nachtelijke thuishemodialyse. Om deze 
bevindingen in detail te onderzoeken hebben we bij 15 hemodialysepatiënten, 
die overgingen van conventionele naar nachtelijke thuishemodialyse, prospectief 
de voedselinname onderzocht met 5-daagse voedingsdagboeken (Hoofdstuk 
3). De eiwitinname nam significant toe na de overgang van conventionele naar 
nachtelijke thuishemodialyse. Andere veranderingen in voedingsinname waren 
een significante toename van de inname van kalium en fosfaat en een trend tot 
meer vetinname. Ondanks de verhoogde kalium- en fosfaatinname, bleven de 
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kalium- en fosfaatwaarden in het bloedplasma binnen de normaalwaarden. De 
fosfaatbinders waren bij bijna alle patiënten gestopt en acht van de 15 patiënten 
hadden zelfs intraveneuze fosfaatsuppletie nodig om een hypofosfatemie te 
voorkomen. Na acht maanden nachtelijke thuishemodialyse was er echter, 
ondanks de toename in eiwitinname, geen sprake van een toename van het droog 
lichaamsgewicht (na de dialyse), body mass index of bovenarmspieromtrek.

Deze paradox, een toename in eiwitinname maar geen verandering in 
lichaamsgewicht, hebben we vervolgens nader onderzocht in een studie waarin 
de lichaamssamenstelling gemeten is met Dual Energy X-ray Absorptiometry 
(DEXA) scan van het gehele lichaam (Hoofdstuk 4). We hebben met de DEXA 
scan de totale massa, vetvrije massa (spieren, botten en organen) en vetmassa van 
het lichaam gemeten. We hebben patiënten gemeten voor de start van nachtelijke 
hemodialyse en na een jaar nachtelijke thuishemodialyse en/of nachtelijke 
centrumhemodialyse (deze patiënten waren overigens andere patiënten dan 
beschreven in hoofdstuk 3). Deze groep hebben we vervolgens vergeleken 
met een groep conventionele hemodialyse patiënten, waarbij ook twee maal 
met een interval van een jaar de lichaamssamenstelling is gemeten met DEXA. 
Opnieuw vonden we dat bij de nachtelijke hemodialyse patiënten de eiwitinname 
significant toe nam. We vonden echter geen verschil in de verandering van de 
lichaamssamenstelling gedurende 1 jaar tussen nachtelijke hemodialyse patiënten 
en conventionele hemodialyse patiënten. We kunnen deze paradox niet goed 
verklaren met de resultaten van ons onderzoek. Een mogelijke verklaring kan zijn 
dat een eventuele toename van het ‘droge lichaamsgewicht’ verborgen is gebleven 
doordat bij de nachtelijke hemodialyse patiënten het extracellulaire volume meer 
is afgenomen dan bij conventionele hemodialyse patiënten waardoor ze beter op 
hun ‘droge gewicht’ uitkomen. Hiervoor hebben we in onze studie echter geen 
bewijs gevonden. De cor-thorax ratio, als surrogaat marker voor de vochtstatus, 
veranderde niet gedurende het eerste jaar nachtelijke hemodialyse. Andere 
determinanten voor de hydratiestatus, zoals bioimpedantie, zijn niet gemeten. Een 
tweede verklaring kan zijn dat het lichaam door de hemodialyse in een katabole 
staat verkeert waardoor een hogere eiwitinname zich niet of onvoldoende vertaalt 
in een verbetering van de voedingsstatus en lichaamssamenstelling. Een aantal 
onderzoeken heeft  laten zien dat het lichaam in een negatieve eiwit balans komt 
indien er niet gegeten wordt tijdens de hemodialyse. Verhoogde verliezen van 
aminozuren door meer intensieve dialyse zouden eveneens bij kunnen dragen 
aan de katabole staat van het lichaam. Er zijn onderzoeken gedaan die hebben 
laten zien dat de inname van eiwit- en energierijke maaltijden tijdens de dialyse 
resulteert in een positieve eiwitbalans. Tijdens nachtelijke hemodialyse slapen 
de patiënten en eten dus niet. Het zou interessant zijn om te onderzoeken of een 
vergelijkbare interventie gedurende nachtelijke hemodialyse wel leidt tot een 
verhoging van de vetvrije massa/verbetering van de voedingstoestand.

Tenslotte is het aannemelijk dat meer lichamelijke activiteit nodig is 
voor een toename van vetvrije massa. Er zijn nog maar weinig studies die de 
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lichamelijke activiteit van nachtelijke hemodialyse patiënten vergeleken hebben 
met conventionele hemodialysepatiënten en deze studies laten tegenstrijdige 
resultaten zien. Er is nog geen onderzoek gedaan naar het effect van nachtelijke 
hemodialyse in combinatie met een beweegprogramma op de voedingstoestand 
en/of lichaamssamenstelling.

Om onze bevindingen in een breder perspectief te plaatsen hebben we een 
systematische review met meta-analyse gedaan naar het effect van de overgang van 
conventionele naar nachtelijke hemodialyse op de voedingstoestand (Hoofdstuk 
5). We hebben vooral gekeken naar het effect van nachtelijke hemodialyse op 
eiwitinname, voedingstoestand parameters en lichaamssamenstelling. Van de 
13 geschikte studies voor de systematic review waren er negen geschikt voor de 
meta-analyse. Vier van deze studies hadden gebruik gemaakt van een controle 
groep en alle negen hadden een baseline meting als controle. De meta-analyse liet 
zien dat nachtelijke hemodialyse geassocieerd is met een significant verhoogde 
eiwitinname, genormaliseerde protein catabolic rate en serum albumine vergeleken 
met conventionele hemodialyse. Tevens was er een verhoogde energie-inname. 
De lichaamssamenstelling parameters zoals droog lichaamsgewicht, body mass 
index en phase angle lieten geen verandering zien na de overgang op nachtelijke 
hemodialyse. De uitkomsten van de systematic review komen overeen met de 
bevindingen van onze eigen onderzoeken: na de overgang van conventionele 
naar nachtelijke hemodialyse neemt de eiwit- en energie-inname toe en stijgen het 
serum albumine en de nPCR (Hoofdstuk 2 en 3) terwijl de lichaamssamenstelling 
niet significant verandert (Hoofdstuk 4). 

De toegenomen wekelijkse behandeltijd bij frequente nachtelijke hemodialyse 
resulteert niet alleen in een hogere mate van verwijderen van afvalstoffen, maar ook 
in het gemakkelijker onttrekken van het vochtoverschot. Er wordt gesuggereerd 
dat nachtelijke hemodialyse een alternatief is voor het beter reguleren van de 
vochtinname of om de interdialytische gewichtstoename (IDG) te verlagen. Voor een 
goede vergelijking van de IDG tussen patiënten tijdens verschillende hemodialyse 
vormen met verschillende behandelfrequenties per week moet de IDG uitgedrukt 
worden als dagelijkse vochtintake. Evenals een aantal andere studies, vonden wij bij 
dat de dagelijkse vochtinname bij nachtelijke thuishemodialyse patiënten toenam 
met ongeveer 500ml/24 uur na 8 maanden nachtelijke hemodialyse vergeleken 
met de eigen uitgangswaarde op conventionele hemodialyse (Hoofdstuk 3). 
Door de hogere behandelfrequentie nam de gewichtstoename tussen 2 dialyses 
echter niet toe. Een hogere dagelijkse vochtinname/IDG en daardoor een hoger 
extracellulair volume gaat gepaard met een hogere bloeddruk voor de dialyse en 
met hogere sterfte cijfers. Een hogere IDG wordt echter ook steeds meer gezien 
als een indicator voor een betere voedingstoestand wat weer een belangrijke 
gunstige determinant is voor de prognose van hemodialyse patiënten. Met het 
doel om de tegengestelde associaties van IDG te ontrafelen, hebben we bij 138 
conventionele hemodialyse patiënten met een schema van drie keer per week 
hemodialyse onderzocht wat de meest belangrijke determinanten en gevolgen 
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van een hoge IDG zijn (Hoofdstuk 6). We hebben retrospectief gegevens 
verzameld over de IDG, voedingsparameters en hemodynamische metingen. De 
meest belangrijke determinanten van een hogere IDG waren jongere leeftijd, 
mannelijk geslacht, de afwezigheid van diurese, een hogere protein catabolic rate 
en een lager plasma natrium na de dialyse. Vooral jonge mannen lieten de hoogste 
IDG zien. Opvallend in onze studie is dat verhoogde serum natrium waarden na 
de dialyse geassocieerd waren met een lagere IDG. Dit is in tegenstelling met wat 
standaard wordt gedacht, namelijk dat een hogere plasma natriumconcentratie 
op het einde van de dialysebehandeling dorst veroorzaakt en daardoor resulteert 
in een verhoogde vochtintake en dus een hogere IDG. Een verklaring zou kunnen 
zijn dat patiënten met een hoge IDG door verdunning al met een laag natrium de 
dialyse beginnen en dat het natrium tijdens de dialyse weliswaar stijgt maar niet 
volledig normaliseert. 

Deze studie bevestigt de associatie tussen IDG en de voedingstoestand, maar 
of de betere voedingstoestand een oorzaak of een gevolg is van IDG is niet duidelijk. 
Een hogere eiwitinname zou ook bij kunnen dragen aan een hogere IDG. Een 
hogere eiwitinname zou samen kunnen gaan met een hoger stofwisselingsniveau, 
waarbij grotere hoeveelheden eiwitten, koolhydraten en vetten gebruikt worden 
voor de energieproductie met daarbij een verhoogde vorming van koolstofdioxide 
en water. De koolstofdioxide wordt uitgeademd terwijl het water bij kan dragen 
aan een hogere IDG. Het is daarnaast aannemelijk dat een hogere eiwitinname 
gepaard gaat met een hogere zoutinname waardoor een patiënt osmotische 
dorst krijgt en meer zal drinken. De subjective global assessment, een bij dialyse 
patiënten gevalideerde maat voor de voedingstoestand, was significant hoger 
in het hoogste IDG tertiel. Deze bevindingen bevestigen dat er een associatie is 
tussen de voedingstoestand en de IDG zoals in eerdere studies weergegeven is. 
Patiënten in het hoogste IDG tertiel hadden een significant hogere diastolische 
bloeddruk dan de patiënten in het laagste en middelste IDG tertiel. Alle factoren 
die de IDG beïnvloeden zouden meegenomen moeten worden in een persoonlijk 
advies voor vocht- en natriumbeperking, maar naar het effect ervan op mogelijke 
verbetering in het reguleren van de IDG moet nog onderzoek gedaan worden. 

Toekomstperspectief

Dit proefschrift laat zien dat na de overgang van conventionele hemodialyse 
naar nachtelijke hemodialyse de voedingsinname, en vooral de eiwitinname, 
verbetert. Het is opmerkelijk dat er na de overgang van conventionele naar 
nachtelijke hemodialyse ondanks de verhoogde eiwitinname geen verandering 
in lichaamssamenstelling wordt gevonden. Er is meer prospectief en bij 
voorkeur gerandomiseerd onderzoek met grotere patiëntenaantallen nodig 
om de verschillende aspecten van de voedingstoestand zoals voedingsinname, 
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biochemische voedingsparameters en lichaamssamenstelling, na de overgang 
naar nachtelijke hemodialyse te bestuderen. Deze onderzoeken zouden ook 
het mogelijke verlies van aminozuren en andere nutriënten tijdens nachtelijke 
hemodialyse in kaart moeten brengen en de aminozuur balans vergelijken met die 
van conventionele hemodialyse. Aangezien een eerdere studie heeft aangetoond 
dat het consumeren van een eiwitrijke maaltijd tijdens een hemodialysesessie 
resulteert in een positieve eiwitbalans, zou onderzocht moeten worden of 
een soortgelijke interventie tijdens de nachtelijke hemodialyse resulteert 
in een toename van vetvrije massa. Tenslotte zou het effect van nachtelijke 
hemodialyse in combinatie met een gestructureerd bewegingsprogramma op de 
voedingstoestand en op de lichaamssamenstelling bestudeerd moeten worden. 

Praktische toepasbaarheid

Nachtelijke thuishemodialyse en nachtelijke centrumhemodialyse hebben 
een belangrijke plek verworven binnen de hemodialyse toepassingen. In 
veel Nederlandse dialysecentra is nachtelijke hemodialyse een standaard 
behandelvorm geworden. De bevindingen in dit proefschrift impliceren dat bij 
patiënten met een niet optimale voedingstoestand nachtelijke hemodialyse als 
behandelvorm overwogen dient te worden. Nachtelijke hemodialysepatiënten 
hebben weinig tot geen dieetbeperkingen en daarbij in vergelijking met 
conventionele hemodialysepatiënten betere biochemische uitslagen. Daarbij 
moet opgemerkt worden dat een verbeterde voedingsinname slechts één van de 
redenen is om over te gaan naar nachtelijke hemodialyse. Nachtelijke hemodialyse 
kan overwogen worden voor hemodialysepatiënten die niet in aanmerking komen 
voor niertransplantatie en voor patiënten die overdag meer vrije tijd wensen voor 
werk of om sociale redenen. 
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Dankwoord

Het begon in 2004. De Entéhádé (nachtelijke thuishemodialyse) werd geboren op 
het DCG. Ellen Duym verstuurde de geboortekaarten, zodat het een feit werd. De 
eerste patiënt startte met nachtelijke thuishemodialyse (NTHD) op 28 april 2004. 
Vlak voordat de eerste patiënt ging starten in de nacht vroeg de arts (destijds 
Yolande Vermeeren) tijdens een bespreking of ik wel wilde kijken naar de gevolgen 
van NTHD voor de voeding. Dat leek me een mooie uitdaging en ik voegde de 
daad bij het woord. Hartelijk dank Yolande! De eerste patiënt die startte met NTHD 
ging een voedingsdagboek bijhouden en er volgden nog vele dagboeken… 

In 2005 kwam ik in contact met het lectoraat Transparante Zorgverlening 
op de Hanzehogeschool van Groningen onder leiding van Prof. Dr. Cees van der 
Schans. Ik sloot me aan bij de onderzoeksgroep en raakte meer geschoold in 
praktisch toepasbaar wetenschappelijk onderzoek. 

Dr. Casper Franssen had ondertussen de zorg van de NTHD patiënten 
overgenomen en samen werden we steeds enthousiaster over de nachtelijke 
hemodialyse. Er rezen steeds meer onderzoeksvragen en in 2010 volgde mijn eerste 
publicatie, wat voelde als een echte mijlpaal. Na de tweede publicatie vonden Cees 
van der Schans en Casper Franssen dat ik toch echt richting promotie moest gaan 
denken. In 2012 is het besluit genomen en wilden Prof. dr. P.J. de Jong en  Prof. 
dr. C.P. van der Schans mijn promotoren worden. Nadat Prof. dr. C.A.J.M. Gaillard 
geïnstalleerd was als hoofd Nefrologie, nam hij de begeleiding van Prof. dr. P.J. de 
Jong over. Beste Paul, Cees en Carlo, hartelijk dank voor jullie vertrouwen in mij en 
voor deze fantastische kans. Dr. R. Westerhuis en dr. C.F.M. Franssen wilden mijn 
copromotoren zijn. Beste Ralf, hartelijk dank voor je steun en voor het mogelijk 
maken van het promotietraject binnen het DCG. Beste Casper, zonder jou was 
het simpelweg niet gelukt. Heel erg bedankt voor je adviezen, verbeterstukken, 
motiverende en soms opbeurende woorden. Maar het allermeeste bedankt voor je 
onaflatende enthousiasme, wat elke keer weer aanstekelijk werkte. Hopelijk blijven 
we in de toekomst nog vele leuke onderzoeken doen!

De leden van de beoordelingscommissie, Prof. Dr. G.J. Navis, Prof. Dr. Ir. M. Visser en 
Prof. Dr. P.M. ter Wee, graag wil ik u hartelijk danken voor de kritische beoordeling 
van het proefschrift.

Patiënten van het Dialyse Centrum Groningen, de nachtelijke thuis- en centrum-
hemodialysepatiënten, maar ook de ‘overdag’ hemodialysepatiënten, heel hartelijk 
dank voor jullie medewerking aan mijn onderzoeken. Zonder jullie inspanningen 
– dagboeken en vragenlijsten invullen, bloed afstaan en scans – was dit boekwerk 
niet tot stand gekomen. Ik hoop hiermee bijgedragen te hebben aan een betere 
toekomst voor jullie en voor alle dialysepatiënten. 
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Collega diëtisten, hierbij dank ik jullie ook heel hartelijk voor jullie steun door 
de jaren heen en voor het helpen creëren van een onderzoeksplek binnen de 
diëtetiek van het DCG. Lieve Christa, Melinda, Annie, Jan-Pieter, maar ook Maria, 
Manon en Titia, bedankt voor het inhoudelijk discussiëren over vraagstukken, voor 
het motiveren en natuurlijk voor het berekenen van de nooit-ophoudende-stroom 
aan voedingsdagboeken. 

Eigenlijk wil ik alle collega’s van het DCG die me op enigerwijze hebben geholpen 
heel hartelijk danken, voor het helpen met de bloedafnames, verzorgen van 
afspraken, meedenken in onderzoek, bezorgen van post, helpen met de juiste 
computerprogramma’s, enzovoort. 

Ik ga er toch een paar mensen uit lichten: Lieve Ellen, jij bent mede de drijvende 
kracht geweest achter het starten van de NTHD en dat heeft mij uiteindelijk tot 
hier gebracht, bedankt! Verpleegkundigen, hartelijke dank voor jullie hulp bij 
het verzamelen van alle onderzoeksgegevens en de uitgifte van de dagboeken. 
Buitenteam, Sinie, Paula, Marjo, Jannie, hartelijke dank voor het verzamelen van 
alle gegevens en jullie hulp bij het inplannen van de dagboeken en kt/v’s. Akin, 
bedankt voor de samenwerking bij de begeleiding van alle nachtpatiënten. Hetty, 
jij was een groot deel van het onderzoek mijn leidinggevende, bedankt voor je 
meedenken en goede adviezen. Ronald van der Meer, voorheen leidinggevende, 
hartelijke dank voor jouw hulp in het mogelijk maken onderzoek te doen als 
diëtist. Erwin en Klaas, mannen van de ICT, bedankt voor jullie inspanningen om 
telkens weer ‘nuttige’ programma’s voor mij te installeren. Lidy, hartelijke dank 
voor het helpen maken van alle afspraken voor de scans en het meedenken als 
er lab bepaald moest worden. Petra, hartelijk dank voor het meedenken en 
helpen maken van de afspraken met het promotieteam, dat viel niet altijd mee 
gezien de drukke agenda’s. Hannie, jij bent mede de drijvende kracht achter het 
onderzoeksgebeuren binnen het DCG en samen hebben wij heel veel uren ‘in 
SPSS, Pubmed, Word, Excel’ doorgebracht en ik heb ervan genoten. Onze totaal 
verschillende karakters hebben toch een prachtig artikel weten te produceren, 
bedankt. Ik vond het dan ook niet meer dan vanzelfsprekend dat jij één van mijn 
paranimfen zou worden. Heel fijn dat je dat wilde en dat we deze dag samen gaan 
beleven. 

Collega onderzoekers van het Lectoraat Healthy Ageing, Allied Health Care and 
Nursing (voorheen: Transparante Zorgverlening), door alle jaren heen heb ik veel 
lectoraat onderzoekers zien komen en een deel ook weer zien gaan na promotie. 
Hartelijke dank voor jullie meedenken en motiveren. Ik heb altijd erg genoten van 
de bijeenkomsten met de onderzoeksgroep de eerste maandag van de maand. 
Wim Krijnen wil ik eruit lichten als de man van de statistiek. Heel erg bedankt voor 
je hulp en werk aan de statistiek van de onderzoeken. En ook bedankt voor je lange 
adem om mij telkens maar opnieuw alles weer uit te leggen. Judith, Ineke en Ineke, 
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bedankt voor jullie hulp bij het maken van afspraken en altijd klaar staan voor het 
beantwoorden van vragen. 

Studenten Voeding en Diëtetiek: Lianne, Sabine, Dagmar, Kim, Jorien, 
Noortje, Gwen, Julia, Annet, Simone, Marienke en Eveline, hartelijke dank 
voor jullie medewerking binnen mijn onderzoeken. Het heeft ook vele mooie 
afstudeerproducten opgeleverd en een aantal van jullie zijn daadwerkelijk een 
master gaan doen na de opleiding Voeding en Diëtetiek!

Lieve vrienden, ook jullie wil ik bedanken voor het aanhoren van mijn 
onderzoeksperikelen, maar ook vooral voor de gezellige momenten waarop ik 
er vooral niet over nadacht. Jan Alwin en Janna, wat superleuk dat jullie wilden 
meedenken voor hulp bij de opmaak van mijn boek (en Niels geïntroduceerd 
hebben) en hebben helpen zoeken naar de juiste drukker. Niels, bedankt voor 
het opmaken van mijn boekwerk en dankzij jou is het goed bij de drukker terecht 
gekomen. Lieve Anniek, jij kunt je helemaal verplaatsen in het promoveren en wat 
er verder bij komt kijken. Maar je dacht nog nooit paranimf geweest te zijn, dus 
heel fijn dat je mijn paranimf wil zijn en mij gaat bijstaan op deze bijzondere dag. 
Hopelijk een dag om niet te vergeten;-)

Lieve familie en schoonfamilie, het is dan eindelijk zo ver en jullie gaan het met mij 
meemaken. Ga genieten van deze dag. En mam, hopelijk heb je na deze dag een 
beeld van promoveren! 

Lieve Michiel, bedankt voor je steun en liefde. Lieve Leon en Florien, jullie zijn 
gedurende deze hele ‘operatie’ geboren en groot gegroeid (ondertussen 8 en 5). 
Jullie hebben me leren relativeren en het mogelijk gemaakt af en toe die heerlijke 
fantasiewereld weer in te duiken. 

En zo is dit boekwerk uiteindelijk ontstaan.

Karin Ipema, april 2016
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