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INTRODUCTION
The kidneys are central organs in the homeostasis of the body. The kidney has regulatory, 
excretory, metabolic and endocrine functions. The first two are evidenced by the regulation 
of water, sodium, electrolyte and acid-base balance and the removal of uremic waste 
products of the body. Examples of the last two functions are the role of the kidney in vitamin 
D metabolism and erythropoietin production. 
Chronic kidney disease (CKD) is very common in the population. It can result from a 
variety of mechanisms, the most frequent being generalized; atherosclerosis, diabetes 
mellitus, immunological and genetic disorders. CKD is subdivided into five stages, which are 
summarized in figure 1.1, where stages 1-3 are by far the most common, and are already 
associated with an increased risk of mortality. The burden of disease and health care costs 
per patient are by far the greatest in CKD stage 5 (CKD-5), also called end-stage renal disease 
(ESRD). During this stage, the patient is generally prepared for renal replacement therapy, 
which can be grossly divided into renal transplantation and dialysis therapy.
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Figure 1.1 Stages of chronic kidney disease (CKD) following the Kidney Disease Outcomes Quality Initiative 
(KDOQI) Guidelines, from the National Kidney Foundation.

Dialysis is a life-saving treatment for patients with ESRD. In 2013, an estimated 2.522.000 
patients were treated with chronic dialysis treatment1. The most commonly used chronic 
dialysis techniques are hemodialysis (HD) (figure 1.2) and peritoneal dialysis (PD) (figure 
1.3). During HD, uremic toxins are removed and acid-base and electrolyte abnormalities 
are corrected by diffusion between blood and dialysis fluid, which are separated by a 
semipermeable membrane, whereas fluid is removed by convection by application of a 
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trans-membranous pressure gradient between the blood and dialysate compartment. 
HD is performed intermittently. Although the most common treatment schedule is three 
times per week four hours, various observational and intervention studies have suggested 
beneficial effects of more prolonged and/or more frequent treatment schedules2.

Figure 1.2 Hemodialysis.

PD is performed more continuously, in which the blood is cleaned by diffusion between the 
peritoneal capillaries and a sterile dialysis fluid which is installed and removed 4-5 times 
daily in  the peritoneal cavity through a catheter, whereas excess fluid is removed by an 
osmotic gradient evoked by a hypertonic concentration in the dialysis fluid.  
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Figure 1.3 Peritoneal Dialysis.

Although dialysis is a life-saving treatment for ESRD patients, it has been shown that in the 
first 90-120 days after initiation of dialysis therapy the risk for mortality is high3-5, and that 
approximately 35 percent of all deaths in the first year occur in the first 90 days after the 
start of dialysis3. In the critical period from the CKD-5 non-dialysis phase into the first year 
after the initiation of dialysis treatment many critical pathophysiological and psychological 
consequences can occur. Despite the pronounced effects on the physiology of the patient, 
relatively few studies have looked into detailed phenotypic changes following the start of 
dialysis. Of these, cardiovascular and nutritional parameters, which are strong predictors of 
outcome, appear to have specific relevance.      

Chapter 2 provides a general literature overview on phenotypical changes, with special 
attention for cardiovascular and nutritional parameters during the first year of dialysis 
treatment.  

Despite the benefits of dialysis, the morbidity and mortality of ESRD treated with HD and 
PD is still very high. The most common causes of death in this population are cardiovascular 
or infectious6,7. Whereas various risk factors for adverse outcome have been identified in 
dialysis patients, it has been consistently shown that nutritional parameters are one of the 
strongest predictors of mortality in this population8,9.
The prevalence of protein-energy wasting (PEW), which has a strong multifactorial cause, 
in patients with ESRD is high10. PEW is defined as a “simultaneous loss of systematic protein 
and energy stores, leading ultimately to loss of muscle and fat mass (FM) and cachexia”10,11. 
There are various diagnostic criteria for the diagnosis of PEW in dialysis patients such as 
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biochemical markers (low serum albumin), reduced body mass (such as declining weight, 
and low dietary intake) and a reduction in muscle tissue11.
Also assessment of body composition (BC) is of relevance in the diagnosis of nutritional 
disorders in ESRD patients. An advantage of the assessment of BC, next to body weight or 
body mass index (BMI), is that both lean tissue mass (LTM) (including muscle) and FM can be 
analyzed separately. This is of importance given the high prevalence of so-called sarcopenic 
obesity (combination of low muscle mass/LTM and high FM) in patients with CKD12, in which 
BMI does not give an adequate indication of BC13.  

For the assessment of BC, different methodologies, from highly advanced ones, such as 
neutron activation analysis to anthropometric bedside methods are available. Methods such 
as computed tomography (CT), magnetic resonance imaging (MRI) and dual energy x-ray 
absorptiometry (DEXA) are useful, but not easy to implement routinely in clinical practice14. 
Bioimpedance analysis (BIA) is an operator independent and easily applicable technique, 
which can be used at bedside or during outpatient visits. In the European Best Practice 
Guidelines, BIA is endorsed as one of the techniques which can provide useful information 
on BC in dialysis patients15. Both single- and multi-frequency (MF) analyzers have been used 
in patients with ESRD. An important caveat for the use of BIA in patients with abnormalities in 
fluid state, such as renal disease, is that conventional BIA equations are not able to correctly 
address the impact of fluid overload on the assessment for BC16,17. With bioimpedance 
spectroscopy (BIS), body compartments are not assessed directly, but calculated from 
the resistivity at a range of frequencies, which reflect intracellular and extracellular fluid 
compartments. A previous study by Konings et al. showed an important effect of extracellular 
overhydration on the estimation of lean body mass (LBM) by MF-BIA techniques18. Using 
novel equations based on a physiological model, assuming a constant hydration ratio for 
FM and LTM, Chamney et al. were able to construct a three compartment (3-C) model for 
BIS, which included overhydration (fluid overload) as a separate compartment19. However, a 
direct comparison between two compartment (2-C) and 3-C models in the estimation of BC 
in dialysis patients has not been performed yet. 

Therefore, in chapter 3, the agreement between the 2-C and 3-C bioimpedance models in the 
assessment of BC was assessed.

The pathophysiology of abnormalities in nutritional state and BC in patients with ESRD 
is multifactorial. Important factors are: reduced appetite due to accumulation of uremic 
toxins, dietary restrictions, metabolic acidosis, comorbidities, lifestyle, and reduced physical 
activity (PA)10. Many of these factors, but not all, are positively influenced by dialysis 
treatment. Nevertheless, dialysis may lead to a loss of nutrients in the dialysate and induce 
inflammation20-22. Whereas the start of dialysis was accompanied with an increase in serum 
albumin and an increase in protein intake23-26, reports on the effects of starting dialysis 
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treatment on BC, or comparative studies between CKD-5 non-dialysis and dialysis patients 
are scarce. 
The least specific parameter reflecting BC is body weight. Changes in body weight after the 
start of dialysis can either reflect changes in hydration, LTM or FM. A single-centre study 
from Tassin in 363 incident dialysis patients showed that mean target (dry) body weight 
decreased by 6.5% in the first eight weeks after the start of dialysis, followed by an increase 
of 1.9% during week 8–5226. Changes in target body weight after eight weeks were positively 
related to protein intake (reflected by protein nitrogen appearance) and serum albumin, but 
inversely to C-reactive protein (CRP) at twelve weeks after the start of dialysis. Moreover, 
an increase in body weight between week 8 and 52 after the start of dialysis was predictive 
of survival. However, after one year of treatment, mean target body weight in the cohort 
was still approximately four kg lower than the weight at the start of dialysis. The initial 
decline in body weight is suggested to reflect a decrease in extracellular volume due to the 
removal of excess fluid by ultrafiltration, whereas the later increase is suggested to reflect 
an improvement in nutritional state, which would be supported by the relation between 
changes in body weight and biochemical nutritional parameters. In a study of Sipahioglu et 
al. mean pre-dialytic body weight decreased from 80.7 kg at baseline to 79.4 kg after three 
months, followed by a gradual increase to 80.7 kg at the end of the first year27. In contrast, a 
study, in 142 incident HD patients (34 diabetics), which assessed BC in more detail by DEXA, 
showed a decline in LBM of 1.1 kg in non-diabetic patients, and of 3.4 kg in diabetic patients 
in the first year of dialysis28. Still, differences in hydration state following the start of dialysis 
might have affected LBM measurements18.
In a study using both DEXA as well as neutron activation analysis, Pellicano et al. did not 
observe significant changes in total protein stores as well as in LBM in a combined cohort of 
46 HD and PD patients, which was followed for twelve months from the start of dialysis29.

In chapter 4 differences in BC, using the 3-C model, were investigated between CKD-5 non-
dialysis patients and dialysis patients. Moreover, changes in BC during the first 6 months on 
dialysis were investigated. 

Next to BC, also PA is a very important health parameter in renal disease. Physical 
inactivity in dialysis patients is associated with an increased risk of mortality and risk of 
hospitalization30,31. It is well known that dialysis patients have decreased levels of PA 
matching a sedentary lifestyle, recently defined as number of steps <7500/day32. Indeed, 
in a cross-sectional multicentre study in HD patients the mean number of steps was 5660. 
PA was lowest on non-dialysis days, but also compatible with a sedentary lifestyle on non-
dialysis days. Nevertheless, this study did not include comparison groups such as healthy 
controls or CKD-5 non-dialysis patients32.  In a large cohort from France, the mean number 
of steps in dialysis patients was 3700 per day, whereas the advocated threshold is 10000 
steps per day33. Also in earlier phases of CKD, a reduced PA has been observed34. However, 
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there is limited literature regarding differences in PA between CKD-5 non-dialysis and 
dialysis patients, and there are no longitudinal data regarding the effects of starting chronic 
dialysis treatment. Whereas some literature suggests that PA is already severely decreased 
in the CKD-5 non-dialysis phase, due to fatigue related with advanced renal failure and the 
presence of comorbidity, but also to pre-existent lifestyle factors35, others conclude that PA 
was generally adequate; in a study in 24 CKD-5 non-dialysis patients with a mean eGFR of 
17.7 ml/min, the mean number of steps was 10423. Also in this study, no comparison groups 
were included36.

The transition from the CKD-5 non-dialysis to the dialysis phase, as well as chronic dialysis 
treatment, can have a major physiological and psychological impact on patients with ESRD37.  
Although the partial reversal of the uremic state by dialysis might improve physical fitness, 
the travel times to and from the dialysis clinic as well as the treatment time itself, next to the 
fact that dialysis patients often complain of tiredness after a dialysis sessions, may impair 
PA and stimulate a sedentary lifestyle. For the assessment of PA often questionnaires (e.g. 
Baecke), or simple actometers are frequently used. Although questionnaires and objective 
measurements of PA are related, they are not necessarily synonymous38.
Recently, the Sensewear armband has become available. This accelerometer, which is a non-
invasive device, is able to measure both PA as well as metabolic parameters, such as energy 
expenditure (EE), which is achieved by continuous recording of physiological signals from 
the body, such as skin temperature, dissipated heat from the body (heat flux), galvanic skin 
response and movement. Previously, the Sensewear armband has been validated for these 
purposes in different (patient) groups39, such as diabetics40 and CKD patients33. Despite the 
fact that in free-living adults some disagreement between Sensewear outcomes and gold 
standard methods, such as the doubly labelled water method (DLW), were observed39, 
objective measures, such as accelerometers, are still considered to be the most valid 
method to monitor PA regarding to frequency, duration and intensity of PA41. Therefore, the 
Sensewear armband, which gives multidimensional feedback of PA parameters, provides 
important information about a patient’s physical health status. 

In chapter 4, also PA was compared between CKD-5 non-dialysis patients, dialysis patients, 
and healthy controls using the Sensewear armband. Moreover, the effects of starting dialysis 
on PA were investigated. Also, the relation between PA and BC was assessed. 

In most of the studies assessing the relation between PA and outcome, self-reported 
questionnaires were used42. Relatively few studies have focused on clinical and phenotypical 
correlates of low PA, assessed by objective methodologies, in patients with ESRD32. However, 
such an analysis is of importance in order to identify potentially modifiable factors. In a 
previous study in dialysis and transplant patients, a relation between self-reported physical 
activity levels (PAL) and exercise capacity (assessed by VO2 peak) was observed, whereas 



GENERAL INTRODUCTION 15

1

the latter was related to age and muscle strength, and indirectly to LBM, assessed by DEXA43. 
In the study of Avesani et al. serum creatinine, as an indirect measure of LBM, was positively 
related to the number of steps and activity related EE, whereas age and BMI were negatively 
related to parameters of PA32. In a study in 24 patients with CKD stage 4-5 (mean eGFR 
17.7 ml/min/1.73m2), fat free mass (FFM) and FM, assessed using bioimpedance, were 
respectively positively and negatively related to PA36. Given the scarcity of literature, more 
data on potentially modifiable determinants of PA in patients with ESRD is necessary. 

In chapter 4, also the relation between PA, estimated using the Sensewear armband, and 
muscle strength and BC was assessed. 

In the interpretation of changes in BC, it is also of importance to take non modifiable 
determinants into account. One potentially important determinant is season, which plays 
a major role in human physiology and was also found to be related to various clinical 
parameters in dialysis patients, such as systolic blood pressure and inter-dialytic weight 
gain, and even survival44,45. In addition, biochemical parameters related to nutrition were 
also found to differ between summer and winter months. Yanai et al. observed higher levels 
of blood urea nitrogen (BUN) and phosphate in winter when compared with summer46. 
In a US cohort BUN and normalized protein catabolic rate (nPCR), a parameter related to 
protein intake, were increased during winter time47. Limited data are present on seasonal 
variations in BC in the general population48,49. However, seasonal differences in BC have not 
been assessed yet in dialysis patients.

In chapter 5, seasonal variations in BC, using the 3-C bioimpedance technique, were assessed 
in an international cohort of dialysis patients.

Another very important determinant of health is health-related quality of life (HRQOL). 
There is no univocal definition for HRQOL, but overall it is estimated by a multidimensional 
assessment consisting of physical, functional, psychological/emotional and social/
occupational components to measure an individual’s well-being for these domains50. In 
dialysis patients, HRQOL was strongly associated with outcome51. Whereas various scales are 
available to assess HRQOL, the short form (SF)-36 scale is one of the most frequently used 
scales both in dialysis patients52, as well as in other populations with chronic diseases, such 
as COPD53 and congestive heart failure54. The SF-36 is a multi-purpose, short-form health 
survey, which includes 36 items. These 36 items provide a measure of physical and mental 
health items. The 36 items can be subdivided in eight subscales: physical functioning, role-
physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental 
health. These eight subscales can be summarized in two summary scores: the physical 
component summary score and the mental component summary score. Furthermore, the 
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scales are normalized to make them comparable with the general population and other 
patient groups with specific disease states55,56. 
Although HRQOL is reduced in both dialysis and CKD-5 non-dialysis patients, there are no data 
available which compared these two groups. Starting dialysis may have a profound effect on 
HRQOL. This can be either positive through an improvement in uremic symptoms, but also 
negative through the fact that the patient becomes dependent on medical technology in 
order to maintain life. To the best of our knowledge, changes in HRQOL during the transition 
period from the CKD-5 non-dialysis to the dialysis phase have not been investigated yet. 
In the interpretation of HRQOL, it is important to modify potentially reversible factors. One 
such factor is PA, which was related to HRQOL in a large international cohort (DOPPS)42. 
However, in this study PA was assessed by questionnaires and not by objective methods.

In chapter 6, HRQOL was compared between healthy controls, CKD-5 non-dialysis and dialysis 
patients. Moreover, the effect of starting dialysis on HRQOL was followed from the CKD-
5 non-dialysis phase until six months after starting dialysis. Furthermore, the association 
between HRQOL and PA was assessed.

Various cross-sectional studies showed that HRQOL was related to outcome in dialysis 
patients57-61. However, there are no studies assessing the relation between dynamic changes 
in HRQOL in dialysis patients. In addition, it is not well known whether potentially modifiable 
parameters are related to changes in HRQOL in dialysis patients or not, and if HRQOL retains 
prognostic significance after correction for these factors.

In chapter 7, the relation between changes in HRQOL and outcome, as well as the relation 
between potentially modifiable factors and changes in HRQOL, was investigated in a larger 
cohort of US dialysis patients.

In chapter 8 a general discussion of the findings of the study is presented.

In this thesis the following aims will be discussed: 

• To review phenotypical changes during the first year of dialysis treatment (CHAPTER 2)
• To assess the agreement between the 2-C and 3-C bioimpedance models in the assessment  
 of BC (CHAPTER 3)
• To study and compare differences in PA and BC between CKD-5 non-dialysis and dialysis     
 patients as well as with healthy controls (CHAPTER 4) 
• To investigate the effects of starting dialysis on PA and BC, and to study the relation  
 between PA and BC and muscle strength in ESRD patients (CHAPTER 4) 
• To explore seasonal variations in BC, using the 3-C bioimpedance technique, in an  
 international cohort of dialysis patients (CHAPTER 5)
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• To compare HRQOL between healthy controls, CKD-5 non-dialysis and dialysis patients  
 (CHAPTER 6) 
• To study the effect of starting dialysis on HRQOL from the CKD-5 non-dialysis phase until  
 six months after starting dialysis. Also, the assess the association between HRQOL and PA  
 (CHAPTER 6)
• To study the relation between changes in HRQOL and outcome, and the relation between  
 potentially modifiable factors and changes in HRQOL in a larger cohort of US dialysis  
 patients (CHAPTER 7)
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ABSTRACT
The first year following the start of haemodialysis (HD) is associated with increased 
mortality, especially during the first 90–120 days after the start of dialysis. Whereas the 
start of dialysis has important effects on the internal environment of the patient, there are 
relatively few studies assessing changes in phenotype and underlying mechanisms during 
the transition period following pre-dialysis to dialysis care, although more insight into these 
parameters is of importance in unravelling the causes of this increased early mortality. In 
this review, changes in cardiovascular, nutritional and inflammatory parameters during the 
first year of HD, as well as changes in physical and functional performance are discussed. 
Treatment-related factors that might contribute to these changes include vascular access 
and pre-dialysis care, dialysate prescription and the insufficient correction of the internal 
environment by current dialysis techniques. Patient-related factors include the ongoing loss 
of residual renal function and the progression of comorbid disease. Identifying phenotypic 
changes and targeting risk patterns might improve outcome during the transition period. 
Given the scarcity of data on this subject, more research is needed.

Keywords
arterial stiffness, fluid overload, haemodialysis, pre-dialysis, vascular calcification
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INTRODUCTION
One of the most critical periods in the life of an end stage renal disease (ESRD) patient is 
the start of dialysis1,2. During this period, the patient becomes dependent upon medical 
technology, which can have critical pathophysiological and psychological consequences. 
Although the start of haemodialysis (HD) has pronounced effects on the physiology of the 
patient, relatively few studies have looked into detailed phenotypic changes following the 
start of dialysis. It is the aim of this review, which will be limited to HD patients, to discuss 
the time course of various clinically relevant parameters early after start of HD, attempting 
to provide a better understanding of the risk associated with the early transition period 
following initiation of dialysis. Given their relation with outcome, the main emphasis will lie 
on changes in cardiovascular, nutritional and inflammatory parameters, followed by a short 
discussion on physical and functional performance.

Early mortality after dialysis and its predictors
Several large-scale observational studies have shown that the first months on dialysis can 
be considered as a critical period. Especially the first 90–120 days are associated with an 
increased risk of mortality3-5. Previous registry data from Europe and North America showed 
that ∼35% of the mortality during the first year after start of dialysis occurred in the first 90 
days3. In addition, despite regional differences, recent data from the Dialysis Outcomes and 
Practice Patterns Study (DOPPS) in 86886 patients showed that the increased risk of death 
early after the start of dialysis can be considered as a global phenomenon4. 
Two large studies have looked into the detailed causes of death in the early period following 
the start of dialysis. In a DOPPS study in incident US patients, causes of mortality after the 
start of dialysis were predominantly classified as cardiovascular, followed by withdrawal, 
with a relatively low percentage of infection-related mortality6. In the European Dialysis and 
Transplant Association registry, the relative contribution of non-cardiovascular death to early 
mortality was higher, specifically infectious-related disease (14% of all deaths)5.
Given the strong mortality risk associated with central venous catheters (CVC) in this and other 
studies, the relatively low contribution of infection to early death in the US DOPPS cohort 
appears surprising, given the large percentage of patients treated with catheters in USA4. 
However, part of this discrepancy might be explained by the observation that cardiovascular 
mortality was greatly increased following infection-related hospitalization in dialysis patients7.
With regard to cardiovascular mortality, both a high incidence of cardiac as well as vascular-
related mortality was observed in the early period following the start of dialysis6. Few 
studies looked into overall or specific morbidity or mortality during the transition period of 
starting dialysis, with inclusion of the pre-dialysis period. A recent study in elderly patients 
showed a high incidence of stroke following the start of dialysis with a peak in the first 
month of dialysis, although the incidence started to increase from 2 months before the start 
of dialysis8. The risk of stroke was increased by the presence of hypertension, atherosclerotic 
disease and diabetes.
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Both patient- and treatment-related factors (especially the use of CVC and the quality of pre-
dialysis care) are important risk factors for early mortality. Important treatment-related risk 
factors in the transition period include the use of CVC and the quality of pre-dialysis care4,9,10. 
Consistent care in the transition period [defined as visits in 3 or more of the 6 months prior 
to renal replacement therapy (RRT) start] was received by only a minority (29.1%) of patients 
in a large cohort study (12.143 patients), and even in only 38.1% of patients which were 
known at the outpatient nephrology clinic for more than 6 months11. These are important 
modifiable factors, as several observational studies found an increase in modality selection 
and timely creation of a permanent access, and even an improvement in short-term 
mortality by adequate pre-dialysis care and education12. Patient-related risk factors include 
age, factors related to cardiovascular disease (such as congestive heart failure) as well as 
to malnutrition (low serum phosphorus) and/or inflammation (decreased serum albumin) 
and haemoglobin6,13,14. Other studies also showed an important mortality risk associated 
with frailty at the start of dialysis15. Notably, in a recent report from Taiwan, dialysis was 
even associated with an increased mortality risk when compared with conservative care 
in patients above 70 years of age14, although this finding, which is in contrast to previous 
literature16, needs to be confirmed. Also, it is likely that many other (potentially modifiable) 
factors are predictive of outcome after dialysis. However, at present, there are only a limited 
amount of studies covering the transition period of the pre-dialysis to the dialysis period.

Cardiovascular parameters

Fluid overload
Fluid overload (FO) is an important risk factor for hypertension, left ventricular hypertrophy 
(LVH) and mortality in dialysis patients17,18. Limited evidence is available on the changes in 
fluid state after the start of RRT, or regarding comparisons between incident and prevalent 
dialysis patients. Given the removal of salt and water by dialysis, fluid state can be expected 
to improve, but this effect might be offset by the continuing loss of residual renal function19. 
Most of the evidence on fluid state in chronic kidney disease (CKD) patients has been 
obtained using bioimpedance methodology. One observational study in 269 prevalent HD 
patients, using bioimpedance spectroscopy (Body Composition Monitor®) showed that 
∼25% of prevalent HD patients were classified as severely overhydrated, defined as an FO 
relative to 15% of extracellular volume (∼2.5 L), which was an independent risk factor for 
mortality18. In a multicenter study in prevalent dialysis patients, the mean level of FO in 
HD patients, assessed by the same methodology, was 1.7 L20. A smaller study of Yilmaz et 
al. has also shown that abnormalities in indicators of FO already are observed before the 
start of dialysis, which appears to be related to the severity of the CKD stage21. This study 
of Yilmaz et al. observed a mean level of FO, assessed by the same methodology, of 3.9 L 
in 68 non-dialysed CKD stage 5 patients [mean estimated glomerular filtration rate (eGFR) 
8.8 mL/min/1.73 m2], when compared with 2.3 L in 62 CKD stage 3–4 (mean GFR 28.9 
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mL/min/1.73 m2)21, both higher when compared with the levels in the dialysis population 
studied by van Biesen et al.20. Other markers related to FO, such as N-terminal prohormone 
brain natriuretic peptide (NTpro-BNP) and vena cava diameter, were higher in CKD stage 5 
when compared with CKD stage 3–4 patients17. These findings corroborate earlier studies 
showing evidence of FO in patients with mild-to-moderate CKD22,23. Hung et al. observed 
a high prevalence (52%) of FO (defined as FO above 1.1L, i.e. above the 90th percentile 
of a matchedpopulation) in patients with stages 3–5 CKD, 52% were hypervolaemic. 
Strikingly, whereas FO was strongly associated with all of the components of malnutrition–
inflammation–atherosclerosis syndrome, measures of kidney function (estimated GFR) and 
proteinuria were not24.
However, these findings were not confirmed in a recent single-centre study in 175 patients 
with a mean eGFR of 15.6 mL/min/1.73 m2, given the fact that the mean level of FO in these 
patients was only 0.21L25. No studies directly compared FO between pre-dialysis and dialysis 
patients. However, in the single prospective study which has, to the best of our knowledge, 
been published on this subject, the extracellular water:total body water (ECW:TBW) ratio, 
assessed by multi-frequency bioimpedance, declined from 53 to 42%. The study cohort 
included 46 patients [65% HD and 35% peritoneal dialysis (PD)], no significant differences in 
the ECW:TBW trends were observed between PD and HD patients26. Regardless of the dialysis 
vintage, interventions based on the Body Composition Monitor aiming for normovolaemia 
have resulted in an improvement in blood pressure (BP) regulation, arterial stiffness, LVH 
and even a reduction in all-cause mortality27,28.
Summarizing, FO appears to be already present before the start of dialysis, at least according 
to several studies, and appears to increase in relation to the severity of the CKD. Scarce 
available data suggests that FO improves after the start of dialysis therapy. However, more 
detailed studies are needed to assess the determinants and effects of different treatment 
policies on changes in fluid state following the start of dialysis.

Hypertension
There have been few studies assessing BP trends after the start of dialysis. A single-centre 
study from Tassin in France in 308 incident patients showed that BP in general decreased 
after the start of dialysis29. In this cohort, mean systolic BP decreased from 142 to 131 
mmHg, and mean diastolic BP from 75 to 69 mmHg in the first year of dialysis. However, 
this centre is unique, especially in terms of dialysis duration, and it is therefore not known 
to what extent these data can be extrapolated to the general dialysis population. Low BP at 
the start of dialysis was associated with a higher mortality, in agreement with the ‘reversed 
epidemiology concept’ which is in line with previous studies30,31. However, BP at 3, 6 and 12 
months was not associated with adverse outcome. In contrast, the tertile of patients which 
experienced the largest decline in BP during the first year on dialysis had better combination 
with the excellent survival reported in this centre, the decline in BP after the start of dialysis 
was interpreted as beneficial29.
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In contrast, a study comprising 3446 incident dialysis patients of a US provider32 showed 
an initial decrease in systolic BP within the first week after the start of dialysis, followed by 
a steady increase and a plateau phase after 12 weeks. No major differences in mean pre-
dialytic systolic BP levels in the overall cohort were observed between the start of dialysis 
and a 1-year follow-up period32. Also in this study, low pre-dialytic BP (defined as systolic 
BP <120 mmHg) at the start of dialysis was associated with increased early (6–12 weeks) 
mortality. In addition, the authors identified different BP slopes. Intriguingly, in contrast to 
the Tassin study, patients with a declining BP during the first year of dialysis had higher 
mortality when comparing with an increasing BP slope during dialysis. As will be discussed 
later, body weight initially declined in the first 12 weeks of dialysis, followed by an increase 
during the remainder of the first year period. Although data on treatment policies in the 
study by Sipahioglu et al. are not available, the differences between both studies might 
among others be due to differences in dialysis prescription (minimum 5 h in Tassin; dialysate 
sodium 138 mmol/L), diet (strict sodium restriction in Tassin) and case-mix. Whereas an 
improvement in BP control achieved by gradual reduction in dry weight and a salt-restricted 
diet may be beneficial, a decline in systolic BP due to deterioration in cardiac function is 
associated with an adverse prognosis.
Therefore, changes in BP during the first year on dialysis are quite variable between patients. 
The complex relation between BP trends and outcome is likely dependent on the context.

Cardiac structure and function
Patients with CKD stage 5 often already have many abnormalities in cardiac structure and 
function before they start on dialysis, which carry important prognostic significance. The 
prevalence of LVH is high. One report in 213 non-dialysis CKD patients showed a prevalence 
of LVH of 76% in patients with CKD stage 5 when compared with 52% in patients with CKD 
stage 333. Hypertension is an important risk factor for progression of LVH in pre-dialysis CKD34. 
In a study of 433 incident dialysis patients, 15% had systolic dysfunction, 32% left ventricular 
dilatation and 74% LVH at the start of dialysis, all associated with an adverse prognosis35. In 
another study by the same group, 31% had congestive heart failure at the start of dialysis, 
whereas 25% of patients without signs of congestive heart failure at the start of dialysis 
developed this complication during a mean follow-up period of 42 months. Important risk 
factors for the development of congestive heart failure were hypoalbuminaemia, anaemia 
and hypertension36. In a smaller study in 30 non-diabetic dialysis patients, mean left 
ventricular mass (LVM) did not change significantly from baseline (the start of dialysis) in 
12 and 24 months after the start of dialysis, although changes in LVM in individual patients 
were related to changes in BP and inversely to haemoglobin37.
Indeed, changes in cardiac function after the start of dialysis appear to be quite variable 
between patients. In a multicentre incident cohort of 227 dialysis patients (54% HD), 30% 
had a history of cardiac failure before the start of dialysis, whereas 6% developed new-onset 
cardiac failure during the first year after the start of dialysis and 15% developed cardiac 
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failure after the first year on dialysis. On the other hand, systolic function and LVM improved 
in respectively 48 and 46% of patients38.
The question is how these differences in changes in cardiac structure and/or function 
following the start of dialysis can be explained. It is not unreasonable to assume that an 
improvement in fluid status could be involved in the improved cardiac function observed in 
a subgroup of patients, although no data on this subject are available. On the other hand, 
both patient- and treatment- related factors could play a role in the deterioration in cardiac 
function after the start of HD treatment. With regard to patient related factors, LVM index 
at baseline was related to the emergence of cardiac failure following the start of dialysis38. 
A study in prevalent dialysis patients showed an inverse relation between LVM and residual 
renal function39. With regard to treatment-related factors, several studies have shown 
disturbances in regional wall contractility during the dialysis procedure, attributed to cardiac 
stunning (impaired but reversible myocardial contractility due to ischaemia)40, which were 
not present before dialysis41,42. Reversible intradialytic changes in regional LV wall contractility 
were predictive of persistently impaired systolic function during later follow-up, as well as 
for increased mortality43,44. Given these data, it is suggestive that the dialysis procedure 
itself plays a role in the loss of myocardial contractile tissue, although patient susceptibility 
also plays a role, given the fact that intra-dialytic regional wall abnormalities followed by 
a persistent loss of systolic function are primarily observed in a subset of dialysis patients, 
notably in those with pre-existent higher LVM and higher interleukin-6 (IL-6) levels43,45.
Summarizing, the effect of starting dialysis on cardiac function appears to be variable, with a 
subgroup showing an improvement, and the other subgroup showing deterioration. To what 
degree underlying cardiac pathology, or the effects of dialysis treatment are responsible for 
the changes observed in the latter group, further research is needed.

Arterial stiffness and vascular calcification
An increase in vascular stiffness increases the systolic burden to the heart and is an important 
risk factor for mortality both in dialysis patients as well as in patients with CKD. Various 
studies have shown that arterial stiffness, assessed by different parameters, is increased in 
both CKD as well as dialysis patients when compared with controls46-50. The processes leading 
to arterial stiffness likely start early in the course of renal failure46,50. Also, the age-related 
progression in arterial stiffness may be more rapid in patients with ESRD when compared 
with subjects without renal impairment. In a study in 80 prevalent dialysis patients and 60 
controls, the mean change in pulse-wave velocity (PWV), as a marker of arterial stiffness 
over a 3-year time period was larger in dialysis patients (64 cm/s) when compared with 
the 27 cm/s observed in controls51. However, in a sub-study of the Convective Transport 
Study, no change in PWV was observed in 189 prevalent patients during a maximal follow-
up period of 3 years52. One cross-sectional study found an increase in vascular stiffness in 
both pre-dialysis patients as well as maintenance dialysis patients when compared with 
controls, without significant differences between both patient groups49. To the best of our 
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knowledge, longitudinal studies following changes in arterial stiffness from the transition 
phase of pre-dialysis ESRD to the dialysis period are yet lacking.
With regard to vascular calcifications, there is ample evidence that these progress during 
time on dialysis53. However, as holds true for arterial stiffness, vascular calcification is also 
prevalent in earlier stages of CKD54. Whereas pharmacological treatment can, to some 
degree, influence the calcification process, this is not yet clear for dialysis therapy, as no 
long-term studies concerning the effect of different dialysate calcium levels on vascular 
calcification are available. Thus, until now, the question whether the progression in vascular 
calcification observed during dialysis treatment is (partly) due to a detrimental effect of the 
dialysis treatment itself or only to insufficient correction of the abnormalities in mineral 
metabolism remains to be answered.
Summarizing, available evidence suggests that arterial wall parameters, both with regard to 
stiffness as well as calcifications, deteriorate during dialysis, but also show a high prevalence 
of arterial disease before the start of dialysis. The extent to which dialysis treatment itself 
can influence arterial wall properties in the long term needs further study.

Nutritional state and body composition
Protein-energy wasting is an important risk factor for mortality in dialysis patients, certainly 
when accompanied by inflammation55. Abnormalities in nutritional state already occur in 
the pre-dialysis stage, associated with a spontaneous decline in protein intake56. Both in 
prevalent dialysis patients but also at the onset of dialysis, malnutrition is an important risk 
factor for mortality57,58. 
The start of dialysis could theoretically have both positive and negative effects on nutritional 
state58,59. Positive effects include the increased removal of uraemic toxins, which might be 
involved in anorexia, the correction of acidosis and the possibility for a more liberal diet 
when compared with the pre-dialysis stage. Negative effects include the loss of (micro)
nutrients, as well as the inflammatory process which may accompany dialysis treatment58-61. 
Whereas studies in prevalent patients suggest a decline in nutritional parameters over 
time62,63, studies in incident patients suggested an improvement in (especially biochemical) 
parameters reflecting malnutrition, such as pre-albumin and albumin, as well as an increase 
in protein intake (reflected by protein nitrogen appearance) in the first year following the 
start of dialysis64,65. These findings were confirmed by later studies66. However, it is uncertain 
whether these biochemical changes are also reflected in improvements in body composition.
The least specific parameter reflecting body composition is body weight. Changes in body 
weight after the start of dialysis can either reflect changes in hydration, lean tissue mass 
(LTM) or fat mass. A single-centre study from Tassin in 363 incident dialysis patients showed 
that mean target (dry) body weight decreased by 6.5% in the first 8 weeks after the start 
of dialysis, followed by an increase of 1.9% during week 8–5266. Changes in target body 
weight after 8 weeks were positively related to protein intake (reflected by protein nitrogen 
appearance) and serum albumin, but inversely to C-reactive protein (CRP) at 12 weeks 
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after the start of dialysis. Moreover, an increase in body weight between week 8 and 52 
after the start of dialysis was predictive of survival. However, this subsequent increase in 
body weight occurred only in 60% of patients. After 1 year of treatment, mean target body 
weight in the cohort was still ∼4 kg lower than the weight at the start of dialysis. The initial 
decline in body weight is suggested to reflect a decrease in extracellular volume due to the 
removal of excess fluid by ultrafiltration, whereas the later increase is suggested to reflect 
an improvement in nutritional state, which would be supported by the relation between 
changes in body weight and biochemical nutritional parameters. In the earlier mentioned 
study of Sipahioglu et al., mean pre-dialytic body weight decreased from 80.7 kg at baseline 
to 79.4 kg after 3 months, followed by a gradual increase to 80.7 kg at the end of the first 
year32. In contrast, a study, in 142 incident HD patients (34 diabetics), which assessed body 
composition in more detail by dual-energy X-ray absorptiometry (DEXA) showed a decline 
in lean body mass of 1.1 kg in non-diabetic patients and of 3.4 kg in diabetic patients in 
the first year of dialysis67. Still, studies in which body composition is assessed by DEXA or 
bioimpedance using a two-compartment model likely cannot differentiate well between 
ECW and LTM in patients with FO68.
In a study using both DEXA as well as neutron activation analysis, Pellicano et al. did not 
observe significant changes in total protein stores as well as lean body mass in a combined 
cohort of 46 HD and PD patients which was followed for 12months fromthe start of dialysis26.
Summarizing, although there is evidence for a beneficial effect of starting dialysis regarding 
protein intake and laboratory parameters, the relation between the start of dialysis and 
changes in body composition deserve further study. Changes in nutritional state appear to 
have prognostic significance.

Systemic inflammation
The presence of systemic inflammation is an important characteristic of CKD. Also in non-
dialysed CKD patients, inflammation likely plays a very important role in the pathogenesis 
of various systemic complications associated with ESRD such as cardiovascular disease and 
malnutrition69, whereas markers of systemic inflammation, such as CRP, are consistently 
related to mortality55,69,70. The pathogenesis of systemic inflammation in patients with ESRD 
is multifactorial. Next to the uraemic state itself, systemic inflammation can also occur as a 
result of comorbidity related to CKD, such as e.g. systemic atherosclerosis, heart failure or 
(occult) infections69,71-73. Dialysis-related factors, such as bioincompatible membranes may 
play a role in its pathogenesis74 although, also with the use of synthetic membranes was an 
inflammatory response observed during dialysis75,76. Also dialysate impurity may play a role, 
given the fact that markers of inflammation and oxidative stress were significantly lower in 
patients treated with ultrapure versus standard dialysate77.
Moreover, also the vascular access is likely involved in the pathogenesis of systemic 
inflammation. Recently, in a study in 583 incident HD patients, the use of CVC and arterio-
venous (AV) grafts was associated with a respectively 62 and 30% higher increase in CRP 
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levels during a follow-up period of 3 years when compared with patients with AV fistula78. 
Given the multifactorial pathogenesis of inflammation in ESRD patients, the uraemia- or 
dialysisspecific role in the pathogenesis of systemic inflammation may be difficult to unravel 
from those of comorbid factors in clinical research, although in patients with an unexplained 
increase in CRP levels, a search for underlying pathology is warranted72,73.
Few other studies assessed the effects of starting dialysis on inflammatory parameters. 
McIntyre et al. found in a cross-sectional analysis higher endotoxin levels endotoxin levels in 
patients on dialysis when compared with patients with pre-dialysis CKD, which was associated 
with systemic inflammation. Endotoxin levels in HD patients were related to intra-dialytic 
haemodynamic stress, which led to authors to suggest that recurrent gut ischaemia due to 
intra-dialytic hypotension may play a role in its pathogenesis79. In contrast, despite the fact 
that in a study in prevalent dialysis patients IL-6 levels increased during a 3-year follow-up 
period62, Pupim et al. did not observe a change in inflammatory parameters or parameters 
related to oxidative stress in the year following the start of dialysis80. Summarizing, despite 
evidence for an acute effect of dialysis treatment on the inflammatory response, it is 
uncertain whether HD treatment itself, when performed with biocompatible membranes 
and ultrapure dialysate, is an important contributor to chronic systemic inflammation. 
However, HD access may be an important determinant for systemic inflammation. Still, the 
relative effects of treatment-related factors, the uraemic state and comorbidity are likely 
complex and not easy to unravel.

Physical activity and functional performance
It is well known that both physical activity and performance in dialysis patients is low. 
Many HD patients lead a sedentary lifestyle81,82. In a recent international survey, physical 
activity was classified as low (defined by a number of steps <7500/day) in 64% of 134 
dialysis patients with a mean age of 54.9 years82. The mean number of steps in their 
population was 5660. Both a sedentary lifestyle and low physical performance important 
risk factors for mortality83,84. Physical activity was related to serum albumin, lean body mass 
and haemoglobin levels showing an important correlate between potentially reversible 
factors85. Some reports suggest that physical activity is also already low in the predialysis 
phase, possibly due to the fatigue associated with advanced renal failure and the presence 
of comorbid disease, but possibly also to pre-existent lifestyle factors86. However, using the 
same methodology (Sensewear®) as in the Avesani study82, in a study of 24 patients with 
CKD stage 4–5 not on dialysis (mean age 60.9 years), a mean daily physical activity duration 
of 74 min and a mean number of steps of 10423/day was observed, which lead the authors 
to conclude that physical activity was generally satisfactory in their cohort87.
To the best of our knowledge, there are no prospective studies looking at the effects of 
starting dialysis. However, two studies showed that physical activity was lower on dialysis 
when compared with non-dialysis days82,88. 
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With regard to the effects of the start of dialysis on functional performance, especially in 
relation to activities of daily living (ADL), recent studies have shown concerning results. In a 
study in nursing home patients on dialysis, Kurella Tamura et al. not only observed an excess 
mortality early after the start of dialysis, but also a significant decline in ADL functional 
capacity in survivors89. To the best of our knowledge, no studies have been performed on 
functional performance in younger patients starting dialysis. Summarizing, there is limited 
evidence on the relation between the start of dialysis and changes in physical performance. 
Observational studies in elderly and frail patients showed a sharp decline in functional status 
following dialysis. Given the observational nature of these data, it is difficult to distinguish 
between cause and effect. Possibly, the additional stressor of starting dialysis put further 
stress in these very frail patients at high risk of homeostatic breakdown. Alternatively, 
dialysis may have been started within a course of an already irreversible decline in physical 
functioning90,91.

CONCLUSION
The start of dialysis is associated with pronounced phenotypic and pathophysiologic 
changes. Causes of these changes are multifactorial and may include the dialysis treatment 
itself, the progressive loss of renal function, next to the insufficient correction of the 
internal milieu by current dialysis modalities, as well as ongoing and progressive comorbid 
disease. The relative role of these different mechanisms is not easy to unravel in clinical 
studies, and clinical studies performed during the transition period from pre-dialysis ESRD 
to the dialysis period are surprisingly scarce. Although the focus of this review is not on 
therapeutic implications, the positive effects of early intervention programs suggest that 
multidimensional approach might improve outcome in the transition period of the start of 
dialysis92. Next to adequate preparation of the patient for dialysis therapy including access 
care, individualized and targeted prescription of dialysis treatment, attention for diet and 
physical rehabilitation, ‘just in time’ starting of dialysis and adequate treatment of comorbid 
disease are all likely important in improving outcome during this critical period59,93,94.
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ABSTRACT
Objectives 
The assessment of body composition (BC) in dialysis patients is of clinical importance given 
its role in the diagnosis of malnutrition and sarcopenia. Bioimpedance techniques routinely 
express BC as a 2-compartment (2-C) model distinguishing fat mass (FM) and fat-free mass 
(FFM), which may be influenced by the hydration of adipose tissue and fluid overload (OH). 
Recently, the BC monitor was introduced which applies a 3-compartment (3-C) model, 
distinguishing OH, adipose tissue mass, and lean tissue mass. The aim of this study was 
to compare BC between the 2-C and 3-C models and assess their relation with markers of 
functional performance (handgrip strength [HGS] and 4-m walking test), as well as with 
biochemical markers of nutrition.

Methods
Forty-seven dialysis patients (30 males and 17 females) (35 hemodialysis, 12 peritoneal 
dialysis) with a mean age of 64.8 6 16.5 years were studied. 3-C BC was assessed by BC 
monitor, whereas the obtained resistivity values were used to calculate FM and FFM 
according to the Xitron Hydra 4200 formulas, which are based on a 2-C model.

Results
FFM (3-C) was 0.99 kg (95% confidence interval [CI], 0.27 to 1.71, P=0.008) higher than 
FFM (2-C). FM (3-C) was 2.43 kg (95% CI, 1.70-3.15, P=0.001) lower than FM (2-C). OH was 
1.4±1.8 L. OH correlated significantly with ∆FFM (FFM 3-C - FFM 2-C) (r=0.361; P=0.05) 
and ∆FM (FM 3-C - FM 2-C) (r=0.387; P=0.009). HGS correlated significantly with FFM (2-C) 
(r=0.713; P=0.001), FFM (3-C) (r=0.711; P=0.001), body cell mass (2-C) (r=0.733; P=0.001), 
and body cell mass (3-C) (r=0.767; P=0.001). Both physical activity (r=0.456; P=0.004) and 
HGS (r= 0.488; P=0.002), but not BC, were significantly related to walking speed.

Conclusions 
Significant differences between 2-C and 3-C models were observed, which are partly 
explained by the presence of OH. OH, which was related to ∆FFM and ∆FM of the 2-C and 
3-C models, is therefore an important parameter for the differences in estimation of BC 
parameters of the 2-C and 3-C models. Both FFM (3-C) and FFM (2-C) were significantly 
related to HGS. Bioimpedance, HGS, and the 4-m walking test may all be valuable tools in 
the multidimensional nutritional assessment of both hemodialysis and peritoneal dialysis 
patients.
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INTRODUCTION
Protein-energy wasting (PEW) is common in dialysis patients and strongly related to 
morbidity and mortality1. Dialysis patients suffering from PEW syndrome are often 
characterized by low body weight, low protein and energy levels, and loss of muscle 
mass (sarcopenia) and have an increased risk of frailty, which is also common in dialysis 
patients besides an increased risk of mortality2. Given the fact that PEW and sarcopenia 
in dialysis patients may be partly amendable to interventions such as optimal nutrition 
and exercise training, optimal diagnosis of changes in body composition (BC) is of great 
clinical importance3. Various methods are available to estimate BC in renal failure. For 
example, dual-energy X-ray absorptiometry (DEXA) and computed tomography or magnetic 
resonance imaging have a high  reliability and precision in determining lipid mass and fat 
mass (FM) and thus estimating lean body mass (LBM)4-6. Nevertheless, these methods are 
not applicable on a bedside basis. Other techniques like anthropometric measurements 
are operator dependent and may therefore be imprecise. Recently, the value of serum 
creatinine as a marker of muscle mass was shown7,8. However, this approach is only reliable 
in stable dialysis patients due to the variability of serum creatinine levels, influenced by, 
for example, dietary intake8. Bioimpedance techniques are easily applicable as a bedside 
tool for nutritional assessment and have been widely used in studies for the assessment 
of BC in dialysis patients9. Multifrequency bioimpedance analysis is theoretically able to 
distinguish between extracellular (ECW) and intracellular water (ICW) and estimates BC 
as a 2-compartment (2-C) model by evaluating fat-freemass (FFM) and FM10, whereas 
appendicular mass by DEXA is used for the traditional diagnosis of sarcopenia. However, 
in a 2-C model, variations in hydration state may have a strong effect on the prediction of 
FFM11,12. 
Recently, a novel prediction model was validated, in which BC is estimated as a 3-compartment 
(3-C) model, by which also fluid overload (OH) is estimated. The model uses a correction 
factor for body mass index (BMI) and was introduced into the body composition monitor 
(BCM). The BCM is based on earlier versions of the XiTRON Bioimpedance spectroscopy 
device (Hydra 4200; XiTRON Technologies Inc., San Diego, CA), and estimates BC as a 3-C 
model by which OH, lean tissue mass (LTM), and adipose tissue mass (ATM) are calculated 
from ECW and total body water estimations. In this model, constant hydration ratios of the 
normohydrated lean tissue and adipose tissue are assumed11. Various interventional and 
observational studies have shown the value of the BCM assessing OH in dialysis patients13-15. 
However, to the best of our knowledge, no direct comparison has been performed between 
2-C and 3-C models in the assessment of BC in dialysis patients. Still, given the fact that both 
2-C and 3-C models are presently used in clinical practice as well as for research purposes, 
it is of importance to identify potential differences in the assessment of BC between both 
diagnostic approaches. 
Whereas appendicular skeletal muscle, as measured by DEXA, is traditionally used as a gold 
standard in the diagnosis of sarcopenia, also FFM, assessed by BIA has been suggested as an 
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alternative tool in the diagnosis of sarcopenia16. However, for a valid method in the diagnosis 
of sarcopenia, a strong relation between BC and functional performance is to be expected.
Recently, functional definitions of sarcopenia, based on handgrip strength (HGS) and walking 
speed were introduced17. There is limited evidence on the relation between bioimpedance 
with functional parameters of physical performance. For clinical application, it is also of 
importance to identify to which degree there are different or overlapping dimensions 
between BC and different markers of physical performance.
The first aim of this study was to compare BC estimated by a 2-C and 3-C whole-body 
bioimpedance model. The second aim was to assess the relation between BC, assessed by 
the two different models with parameters of functional performance, in comparison with 
biochemical and clinical nutritional parameters in dialysis patients.

METHODS

Study population
Forty-seven dialysis patients (35 hemodialysis [HD] and 12 peritoneal dialysis [PD] patients) 
were included in this study. Age ranged from 23 to 88 years. All participating patients were 
in a stable clinical condition. Patients were treated with HD or PD treatment for at least 
1 month. Patients were not in a fasting state during the measurements. Exclusion criteria 
were an implantable cardioverter defibrillator or pacemaker (interference with BCM), acute 
intercurrent disease, and physical disability (walk test measurements). Written informed 
consent was obtained from each patient before participation. The study was approved by 
the Ethical Committee and the Hospital Board.

Body composition monitor measurements 
Bioimpedance spectroscopy was used to determine BC by the 3-C model (ATM, LTM, and 
OH) by the BCM® (Fresenius Medical Care, Bad Homburg). ATM consists of the lipid part and 
the fluid part. The hydration of FM is accounted for by a standardized hydration ratio (0.2). 
Also FM is expressed by the BCM, which is adipose tissue corrected for this hydration factor. 
This parameter is referred to as FM (3-C). LTM (3-C) represents the muscle, organs, blood, 
bones, and fluid overload using fixed rations for the hydration of the LTM. The BCM model 
is described by Chamney et al11.
Measurements were taken as described in the manufacturer’s manual18. Patients were in 
supine position. For all HD patients, measurements were taken before dialysis treatment, 
in agreement with earlier studies 15,19. For all PD patients, measurements were taken during 
a visit at the out-patient clinic. Measurements were taken with a full abdomen for practical 
reasons, also because sequestered fluid in the trunk only has a minor influence on whole-
body bioimpedance measurements20-22. In addition, body weight was corrected for PD fluid. 
The methodology to assess resistance of ECW and ICW in BCM is derived from the Xitron 
Hydra 4200®. The original Hanai mixture theory equations were adjusted by Moissl23. 
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Equations available from the user manual of the Xitron Hydra 4200 were used to calculate 
FFM and FM in a 2-C model (http://www.xitrontech.com/assets/002/5854.pdf). 

Handgrip strength
HGS was measured twice with a hand held dynamometer (Jamar®, Sammons Preston Inc, 
Bolingbrook, IL) in standing position with the arm in a flexed position of 90°. Measurements 
in HD patients took place on the contralateral arm of the shunt arm and in PD patients in 
the dominant hand.

Four meter walking test
Four meter walking test was conducted to determine walking speed. Patients covered a 
distance of 4 m to measure walking speed. The validity and sensitivity of the 4-m walking 
test have been confirmed in epidemiologic studies, and the test is widely used in other 
studies to determine walking speed24-27 among other parameters to assess sarcopenia in 
geriatric patients17 and physical function in end-stage renal disease patients28.

Physical activity
Physical activity was assessed by questioning the patient about their activity levels during 
leisure time. Patients were asked to answer the following question: ‘‘How often do you 
exercise (do physical activity during your leisure time)? For example, walking, running, 
swimming, biking?’’ The following answer possibilities were given: (1) (almost) never, (2) 
once a week, (3) 2-3 times a week, (4) 4-5 times a week, (5) (almost) daily. Patients answering 
‘‘(almost) never’’ were classified as inactive, according to the US Renal Data System Dialysis 
Morbidity and Mortality Study Wave 229.

Laboratory parameters
Blood samples were collected in all patients to determine creatinine and albumin levels. In 
HD patients, blood samples were collected before the start of dialysis via vascular access 
(shunt or central venous catheter). In PD patients, blood samples were collected when all 
other measurements took place.

Statistical analysis
Differences between body compartments using the 2-C and 3-C models were assessed by 
paired-samples t-tests. Bivariate correlation tests were used to assess relations. 
Data are expressed as mean ± standard deviation, unless indicated otherwise. Statistical 
analyses were performed by IBM (Armonk, NY) SPSS Statistics for Windows, version 20. 
P-values <0.05 were considered to be statistically significant.
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RESULTS

Patient characteristics
Patient demographics are shown in Table 3.1. Of the 47 patients, 8.5% had a BMI <20 kg/m2, 
21.3% had a BMI between 20 and 24.9 kg/m2, 38.3% had a BMI between 25 and 29.9 kg/m2, 
and 31.9% had a BMI ≥30 kg/m2.
In 87.2% of the patients, mean walking speed (1.32 ± 0.46 m/second) was above the reference 
value for the general population, where poor mobility was defined as walking speed <0.8 m/
second17. In Table 3.2 gender distribution is shown for different dialysis modalities.

Table 3.1 Patient Demographics.

Patient Demographics 
Number of Patients 47
Male/Female 30/17
HD/PD
Oliguric/Nonoliguric 

35/12
17/30

Age (years) 64.8 ± 16.5 
Height (cm) 170.7 ± 9.0 
Weight Predialysis (kg) 78.8 ± 18.1 
BMI (kg/m2) m/f 28.1 ± 4.2 / 25.2 ± 5.6  
LTI* (kg/m2) m/f 13.8 ± 2.5 / 11.3 ± 1.6 
FTI* (kg/m2) m/f 13.1 ± 4.4 / 13.5 ± 5.3 
Body Cell Mass* (kg) m/f 23.0 ± 5.3 / 15.8 ± 3.5 
Fluid overload*  (L) 1.4 ± 1.8 
SBP Predialysis (mmHg) 148.0 ± 24.6 
DBP Predialysis (mmHg) 77.6 ± 16.3 
Heart rate Predialysis (bpm) 73 ± 10 
Grip strength (kg) m/f 29.6 ± 10.2 / 17.9 ± 7.1 
Walk speed (m/sec) 1.32 ± 0.46 
Serum Creatinine (µmol/L) m/f 768 ± 204 /  678 ± 346 
Serum Albumin (g/L)  40.6 ± 3.4 

Data given as frequency and mean ± SD. HD: hemodialysis; PD: peritoneal dialysis; BMI: body mass index; LTI: lean 
tissue index; FTI: fat tissue index: SBP: systolic blood pressure; DBP: diastolic blood pressure. * Derived from the 
3-C model by body composition monitor. 

Table 3.2 Gender distribution per dialysis modality. 

Parameter Hemodialysis Peritoneal Dialysis 
Male/Female 22/13 8/4

 

Comparison of body composition between the 2-C and 3-C models
Outcome parameters of the Xitron hydra 4200 (2-C) were significantly different from BCM 
outcomes (3-C). Results are shown in table 3.3. FFM (3-C) was on average (differences 
calculated per patient) 0.99 kg (95% confidence interval [CI], 0.27 to 1.71, P=0.008) higher 
than FFM (2-C). The same held true for the different dialysis modalities, where the mean 
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difference of FFM (3-C vs. 2-C) was 0.97 ± 2.55 kg for HD and 1.04 ± 1.90 kg for PD. FM (3-C) 
was on average (differences calculated per patient) 2.43 kg (95% CI, 1.70 to 3.15, P<0.001) 
lower than FM (2-C). The same held true for the different dialysis modalities, where the 
mean difference of FM (3-C vs. 2-C) was -2.45 ± 2.60 kg for HD and -2.36 ± 1.81 kg for PD. 
Figure 3.1 showed a significant correlation between OH and both ∆FFM (FFM 3-C - FFM 2-C) 
(r=0.361; P<0.05) and ∆FM (FM 3-C - FM 2-C) (r=0.387; P=0.009).

Table 3.3 Parameter outcomes 2-C model (Xitron hydra 4200) vs. 3-C model (BCM). 

Parameter BCM (n=45) 
3-C 

Xitron hydra 4200 (n=45) 
2-C 

p-value 

FFM (kg) 48.70 ± 10.02 47.71 ± 11.86   0.008 
FM (kg) 28.65 ± 10.93  31.08 ± 9.28 <0.001 
Body Cell Mass (kg) 20.28 ± 5.84 26.12 ± 7.79 <0.001 
TBW (L) 37.07 ± 7.49 36.44 ± 8.68   0.019 
ECW (L) 18.05 ± 3.84 18.26 ± 3.99   0.001 
ICW (L) 19.03 ± 4.02 18.18 ± 5.25   0.001 

Data given as mean ± SD. FFM: fat free mass; FM: fat mass; TBW: total body water; ECW: extracellular water; 
ICW: intracellular water.  

Fluid overload (OH) (L) 

ΔF
FM

 (k
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●  ΔFFM 
○ ΔFM 

Figure 3.1 Relationship between fluid overload (OH) and both ∆fat free mass (∆FFM) and ∆fat mass (∆FM). There 
was a significant positive correlation between OH and ∆FFM (black dots; scattered line) (r=0.361; P<0.05); and 
there was a significant positive correlation between OH and ∆FM (white dots; black line) (r=0.387; P=0.009).
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Comparison of body composition between dialysis patients and healthy age-matched 
individuals
For comparison with age-matched controls, LTM and ATM were corrected for height2 and 
expressed as lean tissue index (LTI) and fat tissue index (FTI), respectively. Reference values 
as reported by Wieskotten et al.30 were used.
Figure 3.2 showed that in 52.9% of the females and 32.1% of the males LTI (kilogram per 
square meter) was below reference ranges for healthy individuals. Whereas in 88.2% of 
the females and 96.4% of the males FTI (kilogram per square meter) was in general either 
normal or even above the age-matched reference ranges (Fig. 3.3).
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Figure 3.2 Lean tissue index (kilogram per square meter) in females and males. Females (52.9%) and males 
(32.1%) were under the reference ranges for age-matched controls (10th percentile).
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Figure 3.3 Fat tissue index (kilogram per square meter) in females and males. 88.2 percent of the females and 96.4 
percent of the males were within or above the reference ranges for age-matched controls (10th and 90th percentile).

Relation between functional parameters and bioimpedance
Despite statistically significant differences between parameters of the 2-C and 3-C models, 
HGS was highly significantly related to FFM (2-C) (r=0.713; P <0.001) and FFM (3-C) (r=0.711; 
P<0.001; Fig. 3.4). HGS also significantly related to body cell mass (2-C) (r=0.733; P<0.001) 
and body cell mass (3-C) (r= 0.767; P<0.001). No significant relations were found between 
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4-m walking test and BC parameters. Additional analyses showed that even when subdivided 
for dialysis modality, body cell mass was still highly related to HGS (Fig. 3.5). Again, no 
significant relations were found between 4-m walking test and BC.

● FFM 3-C  
     FFM 2-C 

 
◦ 

Figure 3.4 Relationship between handgrip strength and fat free mass. There was a significant positive correlation 
between handgrip strength and fat free mass (3-C) (black dots; scattered line) (r=0.713; P<0.001), and there 
was a significant positive correlation between handgrip strength and fat free mass (2-C) (white dots; black line) 
(r=0.711; P<0.001).
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Figure 3.5. Relationship between handgrip strength (HGS) and body cell mass in hemodialysis (HD) and peritoneal 
dialysis (PD) patients. There was a significant positive correlation in HD patients between HGS and body cell mass (3-
C) (black dots; scattered line) (r=0.772; P<0.001); and HGS vs. body cell mass (2-C) (white dots; black line) (r=0.723; 
P<0.001). Also a significant positive correlation in PD patients between HGS and body cell mass (3-C) was found (black 
dots; scattered line) (r=0.752; P=0.008); and HGS vs. body cell mass (2-C) (white dots; black line) (r=0.810; P=0.003).
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Relation between bioimpedance and biochemical parameters
The relationship between FFM (2-C) and creatinine was significant (r=0.317; P<0.05), the 
same held true for the relationship between FFM (2-C) and albumin (r=0.319; P<0.05). 
Comparable correlations were found for FFM (3-C) and creatinine (r=0.300; P<0.05) and 
albumin (r=0.319; P<0.05). The relationship between body cell mass (2-C) and creatinine 
was significant (r=0.321; P<0.05). The same held true for body cell mass (2-C) and albumin 
(r=0.378; P<0.05). For the body cell mass (3-C), comparable correlations were found. A 
significant relationship was found for both body cell mass (3-C) and creatinine (r=0.313; 
P<0.05) as well as for body cell mass (3-C) and albumin (r=0.388; P<0.05). No significant 
relations were found between FM (for both 2-C and 3-C) and creatinine and albumin.

Relation between different functional parameters
The relationship between physical activity assessed by questionnaires, and HGS was not 
significant (r=0.230; P=0.124). However, both physical activity (r=0.456; P=0.004) and HGS 
(r=0.488; P=0.002) were significantly related to the walking speed (Fig. 3.6).
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Figure 3.6 Relationship between handgrip strength and walking speed (m/sec). There was a significant positive 
correlation between handgrip strength and walking speed (r=0.488; P=0.002).
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DISCUSSION
This study showed significant differences between the 2-C bioimpedance model and the 3-C 
model. However, both FFM (3-C) and FFM (2-C) were strongly related to HGS and therefore 
an important functional parameter of sarcopenia. Although a strong relation between 
bioimpedance parameters and HGS was observed, the results of the 4-m walking test were 
also significantly related to HGS but not directly to BC. This suggests that these 3 techniques, 
which are easily applicable in clinical practice, assess different but partly overlapping 
dimensions in both HD as well as in PD patients.
Differences between the 2-C and the 3-C models can be explained by different arrangements 
of BC parts (Fig. 3.731). Were the 2-C model divides BC in an FFM compartment and a FM 
compartment, the 3-C model identifies an LTM compartment, an ATM compartment, from 
which FM is derived, and a separate OH compartment. This 3-C model gives a more detailed 
view of BC compared with the 2-C model. The separate OH component in the 3-C model is 
likely of importance in the observed differences, as mean predialysis OH in our study was 
1.4 L, in agreement with results of others14. The fact that measurements were performed 
before dialysis, when the amount of OH is at its largest, may therefore have contributed to 
the difference between the 2-C and 3-C models.
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Figure 3.7 Distribution of body composition compartments31.
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The relation between OH and both ∆FFM and ∆FM (Fig. 2.1) was in line with this assumption 
and therefore showed the importance of OH in the estimation of BC parameters. Moreover, 
whereas the ECW component in the adipose compartment is in the 2-C model considered as 
a sole component of FFM, in the 3-C model, it is also included as a component of ATM. The 
difference between body cell mass estimated by 2-C and the 3-C models is explained by the 
difference in calculations. Whereas the 2-C model calculates body cell mass by dividing ICW 
by 0.7, the 3-C model defines body cell mass as intracellular lean soft tissue mass, which is 
calculated by subtracting ECW and bone cell mass from FFM. The estimation of bone cell 
mass is based on DEXA-derived calculations with correction for height (U. Moissl, personal 
communication). Next to these factors, also the consideration of BMI in the estimation of 
body compartments might account for some remaining difference between the 2-C and 3-C 
models23.
In the general population, bioimpedance techniques are an accepted tool in the assessment 
of BC32. The fact that FFM (2-C) and FFM (3-C) are different stresses the need for population-
based reference values for the 3-C model. Using reference values for the 3-C model, which 
are available in abstract form (http://www.bcm-fresenius.com/mediafiles/information_
on_reference_ranges.pdf)30, a relatively large percentage of patients had an LTI below 
age-matched reference values despite the fact that BMI was in general not decreased in 
the studied population. In contrast, FTI was above the reference values in a substantial 
percentage of patients, suggesting the presence of sarcopenic obesity33 in a significant 
percentage of patients.
Next to identifying alterations in BC, it is also of importance to include functional tests in 
the assessment of dialysis patients, as these provide both important information for clinical 
decision making and because of their relation to outcome34. There are various techniques 
that can be applied to diagnose the functional status and functional limitations in patients at 
risk for sarcopenia and frailty. HGS and determining walking speed by the 4-m walking test 
are commonly used techniques in previous studies11,17. In this study, these parameters were 
applied because they are easy to implement in clinical practice and have been extensively 
validated16-21. In previous studies in dialysis patients, HGS was found to be strongly related 
to LBM by reference techniques12,35. Also in the present study, both FFM (3-C) and FFM (2-
C) were strongly related to HGS, confirming the relation between BC and muscle strength 
for both models. As the difference in the strength of the correlations between the HGS 
and the 2-C and 3-C models estimates were small, the potential superiority of one of both 
models cannot be derived from the present study. BC (FFM and body cell mass [2-C and 
3-C]) assessed by bioimpedance also correlated to important biochemical parameters of 
nutritional status, serum albumin, and serum creatinine. However, this correlation appeared 
less strong.
In the present study, significant relations between HGS and results of the 4-m walking 
test were observed. In contrast, no significant relation was observed between BC with the 
performance on the 4-m walking test. These results are in agreement with an earlier study 
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by our group36, which also showed a relation between LBM, assessed by DEXA, and muscle 
strength by isokinetic dynamometry, whereas physical capacity assessed by cycle ergometry 
was only directly related to muscle strength and not to BC. The results of these studies36 
suggest that in dialysis patients, the relation between BC and functional performance may 
vary between parameters related to strength and mobility and as such represent different 
dimensions. Most likely, also other factors such as postural imbalance, visual acuity, postural 
hypotension, and cardiovascular function also are strong determinants of mobility in 
dialysis patients. Admittedly, the number of patients in which this relation was assessed was 
relatively small. In the general population, a relation between BC and mobility was observed 
in a far larger number of participants5.
Several limitations of the study need to be addressed. First, only a relatively small number 
of patients were studied, including HD and PD. Second, no comparison techniques, such 
as DEXA or anthropometry, were included to compare BC with that of the 2-C and 3-C 
models. However, in view of previous experience12, we pose that DEXA is not an adequate 
gold standard method in the assessment of LBM in patients with abnormalities in hydration 
state, as it cannot take a potential excess of ECW into account. Third, our study does not 
possess prognostic information.
We conclude that this study first shows the discrepancy in the estimation of FFM when 
assessed by either 2-C or 3-C compartment models in both HD patients as well as in PD 
patients, which needs to be taken into account when studies using different bioimpedance 
techniques are compared in the assessment of BC. BC, assessed by bioimpedance for both 
2-C and 3-C models, is strongly related to HGS in patients of both dialysis modalities. Next, it 
shows that bioimpedance, HGS, and the 4-m walking test, each easily applicable technique 
in clinical parameters assess different but partly overlapping dimensions. These simple, 
noninvasive, and non–time consuming tests may be of value in the early diagnosis of PEW 
syndrome and/or sarcopenia inHD and PD patients facilitating interventions at an earlier 
point in time before the development of clinical symptoms.

PRACTICAL APPLICATION
Noninvasive techniques for BC assessment by bioimpedance, HGS measurements, and the 
4-m walking test may all be valuable tools to assess nutritional status in dialysis patients. 
Implementing these tools on a bedside basis could facilitate interventions at an earlier point 
in time before the development of clinical symptoms.
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ABSTRACT
Background 
Physical inactivity in end-stage renal disease (ESRD) patients is associated with increased 
mortality, which might be related to abnormalities in body composition (BC) and physical 
performance. It is uncertain to what extent the start of dialysis influences the effects of 
ESRD on physical activity (PA) and physical performance. This study aimed to (1) compare 
parameters of PA and physical performance between stage 5 chronic kidney disease (CKD-
5) non-dialysis patients and dialysis patients, and healthy controls, (2) to assess alterations 
in PA during the transition phase from CKD-5 non-dialysis to dialysis, and (3) to relate PA 
parameters to BC in CKD-5 non-dialysis and dialysis patients. 

Methods
For the cross-sectional analyses 67 CKD-5 patients (38 CKD-5 non-dialysis patients and 29 
dialysis patients (dialysis vintage 3.60±3.21 years)), and 20 healthy controls were included. PA 
parameters (number of steps and activity related energy expenditure (AEE)) were measured 
by a SenseWearTM pro3 armband. Also, walking speed (4 m walking test) and handgrip strength 
(HGS) were measured. Lean tissue index (LTI) and fat tissue index (FTI) were measured by the 
Body Composition Monitor©. In the longitudinal part, these parameters were assessed in 30 
CKD-5 non-dialysis patients (who were also part of the cross-sectional analysis), before the 
start of dialysis and then five to six months later after starting dialysis. 

Results
PA parameters were significantly lower in CKD-5 non-dialysis patients as compared with healthy 
controls (median number of steps [interquartile range]: 5009.0 [3187.5-7031.5] vs. 11062.0 
[7687.0-13839.0], p<0.001; median AEE: 122.0 [63.5-280.0] vs. 623.5 [497.75-952.5] kcal, 
p<0.001), but not as compared with dialysis patients (median number of steps [interquartile 
range]: 3994.5 [1993.5-6712.75]; median AEE: 160.5 [80.25-450.25] kcal). HGS was significantly 
lower in both CKD-5 non-dialysis and dialysis patients as compared with healthy controls after 
adjustment for age and sex. Walking speed was significantly lower in CKD-5 non-dialysis patients 
as compared with healthy controls, but not as compared with dialysis patients. 
In the combined group of CKD patients, a negative association was found between number 
of steps and FTI (Beta -204.78 steps per 1 kg/m2 higher FTI; 95% CI: -386.54 to -23.01) after 
adjustment for age, sex, patient group, diabetes and LTI, whereas LTI was not statistically 
significantly associated with number of steps. After starting dialysis, PA parameters and walking 
speed significantly (p<0.05) increased over a six month period of time.

Conclusions
PA is already lower in CKD-5 non-dialysis patients as compared with healthy controls, and 
does not differ from dialysis patients. However, the transition phase from CKD-5 non-dialysis 
to dialysis is associated with a modest improvement in PA. Physical inactivity may be related 
to the increase in fat mass, which is commonly observed in the dialysis population. 
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INTRODUCTION
It is well known that dialysis patients have decreased levels of physical activity (PA), matching 
a sedentary lifestyle, which was recently defined as number of steps <7500/day1. Physical 
inactivity in dialysis patients is associated with an increased hospitalization and mortality 
risk2,3, and is also associated with alterations in body composition (BC) and decreased 
muscle strength4. Also, in earlier phases of chronic kidney disease (CKD), a reduced PA has 
been observed5.  
The transition phase from CKD-5 non-dialysis to dialysis, as well as the chronic dialysis 
treatment can have a major physiological and psychological impact on patients with end-
stage renal disease (ESRD)6. It is not well known whether PA is affected by chronic dialysis 
treatment or whether low PA is an inherent characteristic of ESRD. Whereas some literature 
suggests that PA is already decreased in the CKD-5 non-dialysis phase due to fatigue related 
to uremic disorders, the presence of comorbidity, and pre-existent lifestyle factors7, others 
indicate that PA is adequately preserved in a cohort of CKD stage 4-5 patients8. Additionally, 
in theory dialysis treatment may improve PA on non-dialysis days due to the partial correction 
of the uremic state. Nevertheless, the treatment itself may induce fatigue and stimulate a 
sedentary lifestyle on dialysis days itself9. 
PA may also be associated with BC changes. This may be of prognostic importance, as lower 
a lean tissue index (LTI) (lean tissue mass (LTM) corrected for height) is related to higher 
mortality, although the relation between fat tissue index (FTI) (adipose tissue mass (ATM) 
corrected for height) and survival in dialysis patients is not straightforward10.  However, to 
the best of our knowledge there is only limited data available assessing the association 
between PA and BC in a cohort including CKD-5 non-dialysis and dialysis patients11-13.This 
study firstly aimed to compare PA and physical performance cross-sectionally between 
CKD-5 non-dialysis and dialysis patients, and healthy controls. Secondly, we aimed to assess 
longitudinally any alterations in PA and physical performance during the transition from the 
CKD-5 non-dialysis to the dialysis phase, and thirdly, to assess the associations between PA 
and BC parameters in ESRD patients.

MATERIALS AND METHODS
This study consisted of a cross-sectional part and a longitudinal part. The cross-sectional 
analyses included 67 patients, 38 CKD-5 non-dialysis patients and 29 dialysis patients 
(dialysis vintage 3.60±3.21 years) and 20 healthy controls. Patients were recruited from 
the following dialysis centers in the South East of the Netherlands and the North East of 
Belgium: University Hospital Maastricht, Catharina Hospital Eindhoven, Viecuri Hospital 
Venlo, Zuyderland Medical Centre Sittard, St Laurentius Hospital Roermond and Virga Jesse 
Hospital Hasselt. CKD-5 non-dialysis patients were ESRD patients starting with dialysis within 
one month (measurements were performed maximum 4 weeks prior to the first dialysis 
session). Prevalent dialysis patients had been treated with hemodialysis (HD) or peritoneal 
dialysis (PD) treatment for at least twelve months. 
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The longitudinal analysis is part of an ongoing prospective study and included 30 CKD-5 non-
dialysis patients (who were also part of the cross-sectional analysis) for whom six months 
follow up data were available. Measurements were performed before the start of dialysis 
treatment (within one month before the first dialysis session) and five to six months after 
starting dialysis by the same methods as used for the cross-sectional part. 
Exclusion criteria for patients were: an acute start of dialysis treatment, active symptomatic 
coronary artery disease or cardiac failure New York Heart Association (NYHA) classification 
III or IV, active malignancies, active infections, and inability to provide informed consent. For 
bioimpedance measurements: no implantable cardioverter defibrillator (ICD) or pacemaker 
(interference with body composition monitor (BCM)). For walking test measurements: 
physical disability (patients had to be able to walk without help), There were no restrictions 
for other measurements in patients with an ICD or pacemaker or physical disability.
Healthy controls were non-diabetic, non-smokers, and not hypertensive, and were recruited 
via advertisements.
Exclusion criteria for healthy controls were: hypertension during the screening; systolic 
blood pressure higher than 170 mmHg and/or diastolic blood pressure larger than 100 
mmHg, diabetes mellitus, and inability to provide informed consent. 
Patients as well as healthy controls were in a fasting state during the measurements, except 
for the PA measurements. 
 
Written informed consent was obtained from each patient prior to participation. The 
study was approved by the Ethical Committee (NL33129.068.10, NL35039.068.10) and the 
Hospital Board of the Maastricht University Medical Center+.

Physical Activity Measurements
Participants were requested to wear a SenseWearTM pro 3 armband (Bodymedia®, Pittsburg, 
PA) to measure different PA parameters (total energy expenditure (TEE), activity related 
energy expenditure (AEE), number of steps) for 2 days (CKD-5 non-dialysis patients: 1.99±0.44 
days, mean on-body time: 93.6%; dialysis patients: 2.30±0.73 days, mean on-body time: 
96.7%; controls: 2.07±0.54 days, mean on-body time: 96.1%). For the primary analyses, the 
mean of the total on-body time was calculated (expressed as TEE, AEE and number of steps 
per 24 hours) to include both the dialysis and non-dialysis day. Data collected on both week 
days as well as weekend days were included in the analysis. 
In an additional analysis, a 24 hours measurement cycle was analyzed for the dialysis patient 
group to exclude the dialysis session. For the longitudinal analysis in the CKD-5 non-dialysis 
group the available data were not sufficient to exclude dialysis session.  

Body Composition Measurements
BC was determined by bioimpedance spectroscopy with the Body Composition Monitor 
(BCM®, Fresenius Medical Care, Bad Homburg, Germany) which uses a 3-C model (ATM, 
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LTM, and fluid overload (FO)) described by the model of Chamney et al.14. ATM and LTM were 
corrected for height to derive FTI and LTI. Measurements were taken as described in the 
manufacturer’s manual15. Patients were in supine position. In HD patients, measurements 
were taken before the dialysis treatment, in agreement with previous studies16-18. In PD 
patients, measurements were taken during a visit at the out-patient clinic. Measurements in 
PD patients were taken with a full abdomen for practical reasons, and because sequestered 
fluid in the trunk only has a minor influence on whole-body bioimpedance measurements19-21. 
Body weight was corrected for PD fluid. Not all patients were in fasting state as requested 
before measurements, most cases due to diabetes (n=6) or for practical reasons (n=12).

Muscle Strength
Muscle strength was determined by measuring handgrip strength (HGS) twice with a hand 
held dynamometer (Jamar®, Sammons Preston Inc, Bolingbrook, IL) in standing position 
with the arm in a flexed position of 90 degrees. Measurements in HD patients took place 
on the contralateral arm of the shunt arm and in PD patients and healthy controls in the 
dominant hand.

Four meter walking test
A four meter walking test was conducted to determine walking speed (m/sec) by covering 
a distance of four meter. Several studies confirmed the validity and sensitivity of this widely 
used test for determining walking speed22-25 and physical performance in ESRD patients26. 

Comorbidity Score
Comorbidity index was determined for each patient based on the comorbidity checklist by 
the Davies comorbidity index scoring system27. Patients were divided into three risk groups; 
low, medium and high risk of mortality. The Davies comorbidity index is commonly used in 
ESRD patients27-29. 

Nutritional and Biochemical parameters
Biomarkers such as albumin, hemoglobin (HB), dialysis adequacy (Kt/V), and the estimated 
glomerular filtration rate (eGFR) were measured or determined during routine patient 
laboratory measurements. GFR was estimated with the four-variable modification of diet in 
renal disease (MDRD) equation30.

Statistical Analysis
Data are expressed as mean ± SD or median [interquartile range] unless indicated otherwise. 
For the cross-sectional analyses, differences in the categorical variables were assessed by 
the Chi-square test. Differences in the continuous variables PA, physical performance, and 
BC between groups were assessed by independent-samples t-tests or the Mann-Whitney U 
test, as appropriate. In addition, multivariable linear regression analyses were conducted 
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to adjust for age and sex differences between groups and for diabetes. Multivariable linear 
regression analyses were performed to evaluate the association between BC (LTI and FTI) 
and PA (number of steps and AEE) in CKD-5 non-dialysis and dialysis patients. AEE had to 
be transformed with the natural logarithm to fulfill the normality assumptions. Regression 
coefficients were back-transformed (exponentiated) to obtain the ratio of the geometric means 
of AEE per 1 kg/m2 higher LTI and FTI, respectively.  We adjusted for potential confounders as 
follows: model 1) unadjusted model; model 2) age, sex, patient group and diabetes; model 3) 
model 2 + FTI or LTI.  In addition, we tested for statistical interaction between BC and patient 
group.
For the longitudinal analysis; comparison of changes over time within the CKD-5 non-dialysis 
patient group was done using dependent-samples t-tests or Wilcoxon matched pairs signed 
rank sum test as appropriate. Differences in change between dialysis modalities were 
conducted with independent sample t-tests. 
Statistical analyses were performed by IBM SPSS Statistics for Windows, version 23 (IBM Corp.  
Armonk, NY, USA). For the interaction analyses, a Pinteraction <0.10 was considered statistically 
significant. For all other analyses, p-values <0.05 were considered to be statistically significant.

RESULTS

CKD-5 non-dialysis patients Dialysis patients Healthy controls 
Number of Patients 38 29 20
Male (%) 73.7 69.0 65.0 
HD/PD - 21*/8 -
Age (years) 61.11±12.25 58.17±14.65 59.65±14.10 
Height (cm) 173.68±9.67 171.59±9.57 174.75±11.36 
Weight (kg) 77.67±16.76 82.75±15.31 76.68±15.80 
BMI (kg/m2) 25.48±3.76 28.06±4.45 24.86±3.41 
Albumin (g/L) 35.34±5.18 40.24±3.55 40.24±2.30 
Hemoglobin (mmol/L / g/dL)  6.69±0.90 / 10.78±1.45 6.93±0.71 / 11.17±1.15 -
eGFR (ml/min/1.73m2) 8.40±2.79 - 72.59±11.07 

Origin of end-stage renal disease 
Diabetic nephropathy (%)  
Polycystic kidney disease (%)  
Nephrosclerosis(%) 
Hypertensive nephropathy (%) 
Nephrotic syndrome (%) 
E.c.i. (%) 
Other (%) 

5.3 
26.3 
15.8 
5.3 

13.2 
13.2 
21.1 

20.7 
17.2 
6.9 

10.3 
3.4 

13.8 
27.6 

-

Diabetes Mellitus (%) 13.2 41.4 -
Cardiovascular Disease (%) 36.8 37.9 -

Risk of mortality by Davies index 
Low risk (%)  
Medium risk (%)  
High risk (%) 

47.4 
39.5 
13.2 

41.4 
37.9 
20.7 

-

History of prior KTx (%) 23.7 31.0 0.0 
SBP (mmHg) 146.29±22.14 152.43±26.47 137.98±13.39 
DBP (mmHg) 81.95±13.05 80.84±12.44 82.30±6.90 

Table 4.1a Patient Demographics. 

Data are given in mean±SD. HD = hemodialysis, PD = peritoneal dialysis, BMI = body mass index, eGFR = 
estimated glomerular filtration rate, E.c.i. = e causa ignota, KTx = kidney transplantation, SBP = systolic blood 
pressure, DBP = diastolic blood pressure * All HD patients have arteriovenous (AV) fistulas, Laboratory parameters 
were available in: n=37 in the CKD-5 non-dialysis group, n=28 for hemoglobin and n=25 for albumin in the dialysis 
group, n=20 in the healthy control group.
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Patient characteristics 
Patient characteristics for the cross-sectional are summarized in table 4.1a. Patient characteristics 
for the patients participating in the longitudinal part are summarized in table 4.1b. 

Table 4.1b Baseline patient demographics longitudinal analyses. 

Patient Demographics Before start of dialysis
Number of Patients 30
Male (%) 66.7 
HD*/PD# 15/15
Age (years) 60.67±13.03 
Height (cm) 172.27±9.85 
Weight (kg) 76.35±16.82 
BMI (kg/m2) 25.44±3.78 
Albumin (g/L) 36.16±3.59 
Hemoglobin (mmol/L / g/dL)  6.66±0.84 / 10.73±1.36 
eGFR (ml/min/1.73m2) 8.66±2.94 

Origin of end-stage renal disease 
Diabetic nephropathy (%)  
Polycystic kidney disease (%)  
Nephrosclerosis(%) 
Hypertensive nephropathy (%) 
Nephrotic syndrome (%) 
E.c.i. (%) 
Other (%) 

6.7 
30.0 
16.7 
3.3 
13.3 
13.3 
16.7 

Diabetes Mellitus (%) 10.0 
Cardiovascular Disease (%) 33.3 

Risk of mortality by Davies index 
Low risk (%)  
Medium risk (%)  
High risk (%) 

46.7 
43.3 
10.0 

History of prior KTx  (%) 23.3 
SBP (mmHg) 144.83±22.55 
DBP (mmHg) 81.93±13.37 

Six months after the start of dialysis 
Albumin (g/L) 34.25±2.88 
Hemoglobin (mmol/L / g/dL)  7.21±0.79 / 11.62±1.27 
Kt/V (HD/PD) 1.28±0.16 / 2.59±1.03 

Data are given in mean±SD. HD = hemodialysis, PD = peritoneal dialysis, BMI = body mass index, eGFR = estimated 
glomerular filtration rate, E.c.i. = e causa ignota, KTx = kidney transplantation, SBP = systolic blood pressure, DBP 
= diastolic blood pressure * 1 HD patient had a central venous catheter (CVC) # 1 PD patient switched from PD to 
HD via CVC 3 months after the start of dialysis, Laboratory parameters were available in n=29.

 
Physical activity parameters
PA parameters, number of steps and AEE were significantly lower in both CKD-5 non-dialysis 
patients and dialysis patients as compared with healthy controls (table 4.2a, figure 4.1). No 
significant differences were found between CKD-5 non-dialysis and dialysis patients (table 
4.2a, figure 4.1). TEE was significantly lower in CKD-5 non-dialysis patients as compared 
with healthy controls, but not as compared with dialysis patients (table 4.2a, figure 4.1). 
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Furthermore, TEE in dialysis patients was not significantly lower when compared with 
healthy controls (table 4.2a, figure 4.1). Additionally, after exclusion of the dialysis day from 
the analyses, results were similar, except for the difference in TEE between dialysis patients 
and healthy controls which became statistically significant (table 4.2b). After adjustment for 
age, sex and diabetes outcomes were not materially changed.   

    














 









    








 


 









    










 




 










Figure 4.1 PA parameters between groups. TEE = total energy expenditure; AEE = activity induced energy expenditure, 
CKD = chronic kidney disease.
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Muscle strength and walking speed
No significant differences were found for HGS between CKD-5 non-dialysis patients and 
dialysis patients as well as for healthy controls (table 4.2a). However, after adjustment for 
age and sex differences between groups and for diabetes, both CKD-5 non-dialysis (-4.59 kg, 
95% CI [-8.89, -0.29]) and dialysis patients (-4.46 kg, 95% CI [-9.36, -0.43]) had significantly 
lower HGS as compared with healthy controls. Walking speed was significantly lower in CKD-
5 non-dialysis patients as compared with healthy controls, but not as compared with dialysis 
patients (table 4.2a). After adjustment for age and sex differences and diabetes between 
groups, CKD-5 non-dialysis patients (-0.22 m/s, 95% CI [-0.42, -0.02]) had a statistically 
significantly lower walking speed as compared with healthy controls. 

Body Composition 
LTI (kg/m2) was significantly lower in dialysis patients (13.03±2.92kg) as compared with 
CKD-5 non-dialysis patients (14.40±2.42kg) (p=0.047) as well as with healthy controls 
(14.63±1.90kg) (p=0.039). FTI (kg/m2) was significantly higher in dialysis patients 
(14.27±4.67kg) as compared with CKD-5 non-dialysis patients (10.41±3.91kg) (p=0.001) as 
well as with healthy controls (10.07±3.04kg) (p=0.001). For both LTI and FTI, no significant 
differences were found between CKD-5 non-dialysis patients when compared with healthy 
controls. When adjusted for age and sex differences and diabetes between groups, results 
showed no significant differences in LTI between groups anymore. For FTI only significant 
differences were found between CKD-5 non-dialysis and dialysis patients after adjustment 
for age, sex and diabetes.  

Comorbidity Score
Risk class for mortality based on the Davies comorbidity index are summarized in table 4.1a. 
No significant differences were found between CKD-5 non-dialysis and dialysis patients 
regarding the distribution for each category (low, medium and high risk) (p=0.701).  

Associations between BC and PA-parameters
Associations between BC and PA-parameters were evaluated in CKD-5 non-dialysis and 
dialysis patients. Both patient groups were combined as the regression analyses indicated 
no statistical interaction with patient group.
After adjustment for age, sex, patient group and diabetes, higher LTI was borderline 
significantly associated with higher number of steps (Beta (95%CI) 300.89 (-17.59-619.37) 
steps per 1 kg/m2 higher LTI) and AEE (Ratio (95%CI) 1.106 (0.985-1.241) times higher AEE 
per 1 kg/m2 higher LTI). However, this association was attenuated after adjustment for FTI 
(table 4.3).
After adjustment for age, sex, patient group and diabetes, higher FTI was associated with 
lower number of steps (Beta (95%CI) -235.71 (-412.16 to -59.24) steps per 1 kg/m2 higher 
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FTI) and AEE (Ratio (95%CI) 0.930 (0.871-0.992) times higher AEE per 1 kg/m2 higher FTI. 
These associations remained present after further adjustment for LTI (table 4.3).

Table 4.3 Association between body composition and physical activity parameters.

Number of Steps AEE 

Beta (95% CI) p-value Ratio 95% CI) p-value 

LTI 

Model 1 534.62 [269.66; 99.59] <0.001 Model 1 1.157 [1.055; 1.270] 0.002 

Model 2 300.89 [-17.59; 619.37] 0.064 Model 2 1.106 [0.985; 1.241] 0.085 

Model 3 206.93 [-111.54; 525.40] 0.198 Model 3 1.075 [0.956; 1.208] 0.221 

FTI 

Model 1 -292.17 [-453.58; -130.76] 0.001 Model 1 0.938 [0.886; 0.994] 0.030 

Model 2 -235.71 [-412.16; -59.24] 0.010 Model 2 0.930 [0.871; 0.992] 0.028 

Model 3 -204.78 [-386.54.; -23.01] 0.028 Model 3 0.940 [0.879; 1.004] 0.067 

Betas represent the differences in number of steps per 24 hours per 1 kg/m2 higher LTI and FTI, respectively. 
Ratios represent the ratio of the geometric means of AEE per 1 kg/m2 higher LTI and FTI, respectively. For 
example, each 1 kg/m2 higher FTI was associated with a 0.943 times lower AEE (model 3). Model 1: unadjusted 
model; model 2: age, sex, group, diabetes; model 3: model 2 + FTI or LTI. AEE: active energy expenditure, CI: 
confidence interval.

Longitudinal analyses
Changes over time in the first six months after starting dialysis were found for PA parameters, 
TEE, AEE and number of steps (table 4.4). Walking speed significantly increased over time 
by +0.23 m/s (p=0.010) (table 4.4). No changes were found for HGS during the six month 
follow-up period. Also no significant changes were observed in BC over the six month time 
period (data not shown). Hemoglobin levels significantly increased in the first six months 
after starting dialysis from 6.66±0.84 mmol/L (10.73±1.36 g/dl) to 7.21±0.79 mmol/L 
(11.62±1.27 g/dl) (p=0.008) (table 4.1b). No significant changes were found for albumin in 
the first six months after the start of dialysis (p=0.060) (table 4.1b). 
Additional analyses based on dialysis modality did not show significantly different outcomes 
for PA parameters, where the median change of TEE over six months was +55.0 [+147.0 - 
-50.0] kcal/day for PD patients and +371.0 [+611.0-0] kcal/day for HD patients (p=0.135). 
For AEE the mean change over six months was +87.60±211.97 kcal/day for PD patients 
and +202.6±261.75 kcal/day for HD patients (p=0.315), and mean change in number 
of steps over six months of time was +1986.73±2689.64 steps/day for PD patients and 
+1810.13±3248.84 steps/day for HD patients (p=0.815). For HGS, the mean changes over 
six months were -1.30±3.58 kg in PD patients and +2.80±4.03 kg in HD patients (p=0.006). 
No differences were found for walking speed between PD and HD patients over time, where 
change over time in walking speeds was +0.16±0.36 m/s in PD patients, and +0.33±0.38 m/s 
in HD patients (p=0.292).
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Table 4.4 Longitudinal analyses for parameters of physical activity, physical performance, and muscle strength.

Parameter Visit CKD-5 non-dialysis patients p-value 
TEE (kcal/day) Before start dialysis 

Six months after start dialysis 
2186.5 [1929.25-2575.75] 
2385.0 [2062.75-2628.25] 0.021 

AEE (kcal/day) Before start 
Six months after start dialysis 

129.5 [56.25-285.25] 
273.50 [93.77-482.25] 0.005 

Steps (number/day) Before start 
Six months after start dialysis 

5378.0 [2998.0-7092.25] 
5576.0 [3978.25-9357.25] 0.003 

HGS (kg) Before start 
Six months after start dialysis 

27.97±9.29  
28.72±10.21 NS 

Walking Speed (m/sec)  Before start 
Six months after start dialysis 

1.50±0.45 
1.73±0.38 0.010 

Data are given in mean±SD or median [interquartile range]. TEE = total energy expenditure, AEE = active energy 
expenditure, HGS = handgrip strength, NS = not significant, Walking speed data were missing in 7 patients.

DISCUSSION
This study focused on the differences in PA between CKD-5 non-dialysis patients, prevalent 
dialysis patients and healthy controls and on the alterations in PA from CKD-5 non-dialysis 
care to the first six months after starting dialysis. Furthermore, associations between PA and 
BC were assessed.
The cross-sectional analyses showed that PA parameters are already lower in the CKD-5 non-
dialysis phase (CKD-5) as compared with healthy controls, and are comparable with those 
of prevalent dialysis patients, consistent with a sedentary lifestyle as previously defined by 
Avesani et al.1. The very low number of steps, as a hallmark of physical inactivity, in both 
CKD-5 non-dialysis and prevalent dialysis patients, is of serious concern although not an 
entirely new finding in this field1. However, research on this topic has been controversial 
with other studies showing relatively preserved PA in patients with advanced CKD8. 
The results of the longitudinal study suggested that the start of dialysis appeared to have 
a positive effect on PA parameters such as number of steps and AEE, which significantly 
increased after the start of dialysis, whether this is related to a beneficial effect of starting 
dialysis per se or to the slight increase in hemoglobin levels following the start of dialysis is 
not known. 
Nonetheless, also after the start of dialysis PA parameters are still lower as compared with 
healthy controls. These results reemphasize the need for additional interventions, such as 
exercise training to increase PA parameters both before and after the start of dialysis, which 
has been shown to be beneficial in this patient group by several studies31,32. In line with that, 
results of our study showed that walking speed, as a parameter of physical performance, 
was already significantly decreased in the CKD-5 non-dialysis phase. Initiation of dialysis 
treatment was associated with a significant increase in walking speed during the first 6 
months after starting dialysis.
Contrastingly, earlier research in elderly dialysis patients showed that the start of dialysis is 
related to an increased risk of disability, particularly to activities of daily living (ADL), next 
to an increased risk of mortality33. Nevertheless, that study population consisted mostly of 
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frail elderly people in a nursing home environment, in which the start of dialysis could be an 
additional factor for further decline in physical functioning34,35. In contrast, we focused on 
a younger and possibly less frail patient group, and studied parameters of PA and physical 
performance, by field tests instead of self-reported tests. Additional analyses showed 
that dialysis modality did not present different outcomes for PA parameters and physical 
performance.
HGS, as a parameter of muscle strength, tended to be lower in the CKD-5 non-dialysis patients 
group, which is in line with earlier research in both older adults36, as well as in patients ESRD 
starting dialysis treatment37. A study of Isoyama et al. also showed that muscle strength is 
a strong predictor for mortality in dialysis patients, even more strongly than muscle mass 
itself38. In line with this study, our findings showed that starting dialysis treatment does 
not seem to have a detrimental effect on HGS, however also no positive effect on HGS was 
observed either during the first six months of dialysis treatment. 
Regarding to BC, the cross-sectional analysis showed that LTI was significantly lower in 
dialysis patients when compared with CKD-5 non-dialysis patients where LTI did not differ 
significantly from healthy controls. The decline in LTI in dialysis patients is in line with 
previous research4,39,40. However, after adjustment for age, sex and diabetes, no significant 
differences were found in LTI between patient groups.  
In contrast, FTI was significantly higher in dialysis patients as compared with both CKD-5 
non-dialysis patients and healthy controls. After adjustment for age, sex and diabetes the 
difference between CKD-5 non-dialysis and dialysis patients was similar, suggesting that only 
a part of high FTI levels was explained by the presence of diabetes, which was more prevalent 
in the dialysis patient group as compared with the CKD-5 non-dialysis group. These results 
are in line with a recent cohort study in 8227 patients, in which a mean increase in FTI of 0.95 
kg/m2 and a mean decrease in LTI of 0.4 kg/m2 were observed within 2 years following the 
start of dialysis41. The higher FTI can possibly be explained by effects of dialysis treatment, 
differences in food intake in dialysis patients, which were not captured in the present study, 
to a survivor bias, or to prolonged physical inactivity. Indeed, FTI was inversely associated to 
PA after adjustment for age, sex, group, diabetes and LTI, whereas LTI was not significantly 
associated with parameters of PA when adjusted for age, sex, group, diabetes and FTI. 
This study had some limitations; firstly the study population was relatively small and 
contained both HD and PD patients. However, in the longitudinal study no difference in 
changes in PA and physical performance were observed between patients who started with 
HD as compared with PD, with the exception of HGS, which increased in HD patients and 
decreased in PD patients. Secondly, due to the fact that we have included relatively young 
and possibly less frail controls and patients, there might be a possibility of selection bias. In 
addition, none of 30 CKD-5 non-dialysis patients in the longitudinally analyses died in the 
first six months of the transitional phase after starting dialysis treatment.  Thirdly, PA was 
only measured for a relatively short period of time (48 hours), which might have biased 
outcome parameters. We chose to include an additional analysis of a non-dialysis day in 
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order to exclude the effects of the time allocated to the dialysis treatment per se. Finally, 
in the cross-sectional part, there was an imbalance in diabetics between the CKD-5 non-
dialysis and dialysis patients. However, results did not materially change after adjustment 
for diabetes. 
To conclude, PA parameters are already lower in the CKD-5 non-dialysis phase, consistent 
with a sedentary lifestyle, and were not different from prevalent dialysis patients. The 
transition from the CKD-5 non-dialysis to the dialysis phase was associated with a modest 
improvement in PA parameters in the first six months after the start of dialysis treatment. 
Additionally, FTI was inversely associated with PA, suggesting a role of physical inactivity 
in the increase in fat mass in both CKD-5 non-dialysis and dialysis patients. These results 
underscore the importance of physical activity programs which should also include the CKD-
5 non-dialysis phase.   
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ABSTRACT
Background 
Seasonal variations in blood pressure (BP) and inter-dialytic weight gain (IDWG) are well 
established in dialysis patients. However, no study has assessed changes in body composition 
(BC) in this population.

Methods
In this survey, seasonal variations in fat mass (FM), lean tissue mass (LTM), extracellular water 
(ECW) and fluid overload (FO) were assessed in 42 099 dialysis patients (mean age 61.2 years, 
58% males) from the Fresenius Medical Care Europe database, as part of the MONitoring 
Dialysis Outcomes (MONDO) consortium, in relation to other nutritional parameters, IDWG 
and BP. BC was assessed by a body composition monitor (BCM®, Fresenius Medical Care, 
Bad Homburg, Germany).

Results 
FM was highest in winter and lowest in summer (∆FM −1.17 kg; P < 0.001), whereas LTM was 
lowest during winter and highest in summer (∆LTM 0.86 kg; P < 0.0001). ECW and FO were 
lowest in winter, and highest in spring (∆ECW: 0.13 L; P < 0.0001, ∆FO: 0.31L; P<0.0001) 
and summer (∆ECW: 0.15 L; P < 0.0001 and ∆FO: 0.2 L; P < 0.0001), despite a higher systolic 
blood pressure (SBP; 136.7 ± 17.4 mmHg) and IDWG (3.0 ± 1.1 kg) during winter. C-reactive 
protein (CRP), serum sodium and haemoglobin levels were highest in winter, whereas serum 
albumin was lowest in fall. Normalized protein catabolic rate (nPCR) was lowest in winter 
and matched variations in BC only to a minor degree.

Conclusions 
BC and hydration state, assessed by bioimpedance spectroscopy, follows a seasonal pattern 
which may be of relevance for the estimation of target weight, and for the interpretation 
of longitudinal studies including estimates of BC. Whether these changes should lead to 
therapeutic interventions could be the focus of future studies.

Keywords 
bio-impedance spectroscopy, body composition, body composition monitor, fluid status
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INTRODUCTION
Biological rhythms play an important role in human physiology. While the significance of 
ultradian (cycle time <20 h; e.g. heart rate variability) and circadian rhythms [e.g. blood 
pressure (BP)] in dialysis patients is well established in numerous clinical studies (for review 
see 1), we and others have also shown the significance of seasonal variations in dialysis 
patients2,3. In a recent study in 15056 patients from the Renal Research Institute, NY, USA4, 
significant seasonal variations in important clinical and laboratory parameters and mortality 
were shown. Mortality, as well as systolic blood pressure (SBP) and inter-dialytic weight gain 
(IDWG), were higher in winter compared with the summer months. The same held true for 
inflammatory parameters.
Body composition (BC) has been shown to be an important parameter related to outcome 
in dialysis patients. Alterations in BC are very common in dialysis patients, in particular loss 
of lean tissue mass (LTM) which is induced by protein-energy wasting and highly associated 
to morbidity and mortality5. Since in both the general population and in dialysis patients, 
cardiovascular mortality follows a seasonal pattern4,6 and, since dietary intake, BC, physical 
activity and immune function vary by seasons in healthy subjects7, we felt a need to study 
seasonal variations of BC in dialysis patients to close that knowledge gap. The primary aim 
of this study was to test for seasonal variations of BC in dialysis patients. Our secondary aim 
was to study the relation of variations in BC with those of relevant clinical parameters.

MATERIALS AND METHODS
The MONitoring Dialysis Outcomes (MONDO) consortium consists of haemodialysis (HD) 
databases from Renal Research Institute clinics in the USA; Fresenius Medical Care (FMC) 
clinics in Europe, Asia Pacific and Latin America; KfH Clinics in Germany; Imperial College, 
London, UK; Hadassah Medical Center, Jerusalem, Israel, and Maastricht University Medical 
Centre, Netherlands. Electronic medical records were used to document patient care. From 
there, information is made available in a primary database after obtaining informed consent 
and in accordance with local privacy and data protection regulations. For this analysis, we 
enrolled chronic HD patients treated in FMC facilities in 17 European countries between 
January 2006 and December 2012 in this retrospective cohort study. BC was assessed 
by whole body multi-frequency bio-impedance spectroscopy with the body composition 
monitor (BCM®, FMC, Bad Homburg, Germany). The BCM determines fat mass (FM), LTM, 
extracellular water (ECW) and fluid overload (FO). The model on which the BCM operates 
is described by Chamney et al.8. BCM measurements are performed in Fresenius Europe 
clinics as part of routine clinical care since 1 July 2011 when FO became a part of the balance 
score card. Prior to that date, BCM availability was limited being based on the requests of 
individual clinics. 
Pre-dialysis SBP, IDWG, normalized protein catabolic rate (nPCR) and biochemical parameters 
[serum creatinine, albumin and C-reactive protein (CRP)] were included in the analysis. 
These parameters were available for the majority of patients in the database. Most data 
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were missing for CRP, which was available in 32799 patients. Patients were included if at 
least one BCM measurement was available for analysis. There were no exclusion criteria. A 
sensitivity analysis was performed in patients in whom measurements were available for all 
seasons.
Data analysis was performed by linear mixed model (LMM) analysis with season as fixed 
effect, and patient as random effect. Analysis was only adjusted for the year of measurement. 
Winter was used as the reference season. Effect sizes as obtained in the LMM model 
represent therefore differences between the various seasons and winter. These differences, 
as well as their significance and 95% confidence intervals in the season, are reported in the 
different tables. Additional analyses were performed after dividing patients into tertiles for 
body mass index (BMI) and for different geographical areas of Europe, i.e. eastern Europe, 
north/west Europe, southern Europe and western Asia (Turkey). In addition, cosinor analysis 
was performed to construct figures per month. SAS version 9.3 (Cary, NC, USA) software was 
used for statistical analysis.

RESULTS

Patient characteristics
We studied 42099 patients with a mean age of 61.2 years, 58% males, 19.3% with diabetes 
and 26.7% with a history of cardiovascular disease. Further patient characteristics are 
displayed in Table 5.1. The mean BMI was 26.1 ± 6.7 kg/m2. Mean FM was 26.4 ± 11.5 kg 
and mean LTM was 34.2 ± 10.0 kg. Mean ECW was 16.9 ± 3.4 L and mean FO was 2.0 ± 2.6 L. 

Table 5.1 Patient demographics.

Patient demographics  

Number of patients 42099
Age (years) 61.2 ± 15.2 
Male (%)  57.6  
Vintage (4 years) 2.6 ± 4.1 
BMI (kg/m2) 26.1 ± 6.7 
(Pre) Systolic Blood Pressure (mm/Hg) 136.7 ± 17.4 
Albumin (g/dL) 3.9 ± 0.4 
Creatinine (µmol/L) 7.8 ± 2.4 
CRP (mg/L) 12.9 ± 15.5 
Serum Sodium (mmol/L) 138.3 ± 3.8 
Hemoglobin (g/dL)  11.3 ± 1.5  
nPCR (g/kg/day) 1.05 ± 0.27 
LTM (kg) 34.2 ± 10.0 
FM (kg) 26.4 ± 11.5 
ECW (L) 16.9 ± 3.4 
FO (L) 2.0 ± 2.6 

BMI: body mass index; SBP: systolic blood pressure; CRP: C-reactive protein; nPCR: normalized protein catabolic 
rate; LTM: lean tissue mass; FM: fat mass; ECW: extracellular water; FO: fluid overload.
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Variations in body composition
FM was significantly lower in spring (−0.5 kg; P<0.0001), summer (−1.2 kg; P<0.0001) 
and fall (−0.4 kg; P<0.0001), when compared with winter (Table 5.2, Figure 5.1). LTM was 
significantly higher in the spring (0.4 kg; P<0.0001), summer (0.9 kg; P< 0.0001) and fall (0.1 
kg; P< 0.0001) when compared with winter (Table 5.2, Figure 5.2). Sub-analyses for eastern 
Europe, north/west Europe, southern Europe and western Asia showed similar findings 
for both FM as well as LTM when compared with the analysis for whole Europe (data not 
shown).

Figure 5.1 Seasonal variations in fat mass.
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Figure 5.2 Seasonal variations in lean tissue mass.
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LCL: lower control limit; UCL: upper control limit; LTM: lean tissue mass; FM: fat mass; ECW: extracellular water; 
FO: fluid overload; SBP:, systolic blood pressure; CRP: C-reactive protein; nPCR: normalized protein catabolic rate; 
IDWG: interdialytic weight gain.

Seasonality of fluid status
ECW was significantly higher during spring (0.1 L; P<0.0001) and summer (0.2 L; P<0.0001) 
when compared with winter, but not different during fall (−0.01 L; P=0.472) (Table 5.2, Figure 
5.3). FO was significantly higher during spring (0.31 L; P<0.0001), summer (0.2 L; P<0.0001) 
and fall (0.04 L; P=0.046) when compared with winter (Table 5.2, Figure 5.4). Sub-analyses 
for eastern Europe, north/west Europe, southern Europe and western Asia showed similar 
findings for FO as compared with the analysis for whole Europe (data not shown).

Parameter Season  Difference 
to Winter 

95% LCL 95% UCL p-value 

LTM (kg) Spring  0.41  0.37  0.46 <.0001 
Summer  0.86  0.82  0.90 <.0001 
Fall  0.13  0.09  0.17 <.0001 

FM (kg) Spring -0.47 -0.59 -0.35 <.0001 
Summer -1.17 -1.28 -1.06 <.0001 
Fall -0.37 -0.48 -0.26 <.0001 

ECW (L) Spring  0.13  0.09  0.16 <.0001 
Summer  0.15  0.12  0.18 <.0001 
Fall -0.01 -0.04  0.02  0.472 

FO (L) Spring  0.31  0.27  0.35 <.0001 
Summer  0.20  0.16  0.24 <.0001 
Fall  0.04  0.00  0.08  0.046 

SBP (mmHg) Spring -0.71 -0.74 -0.67 <.0001 
Summer -2.50 -2.54 -2.47 <.0001 
Fall -0.77 -0.80 -0.73 <.0001 

Albumin (g/dL) Spring  0.008  0.004  0.011 <.0001 
Summer -0.004 -0.007 -0.000  0.033 
Fall -0.016 -0.019 -0.013 <.0001 

Creatinine (µmol/L) Spring  -0.039  -0.056  -0.022 <.0001 
Summer   0.003  -0.013   0.020   0.682 
Fall  -0.100  -0.116  -0.083 <.0001 

CRP (mg/L) Spring -0.407 -0.584 -0.230 <.0001 
Summer -0.946 -1.121 -0.771 <.0001 
Fall -0.516 -0.685 -0.347 <.0001 

Serum Sodium Spring  -0.005 -0.136 0.126 0.942 
(mmol/L) Summer -0.345 -0.470 -0.220 <.0001 

Fall -0.700 -0.821 -0.580 <.0001 
Hemoglobin (g/dL) Spring -0.117 -0.165 -0.068 <.0001 

Summer -0.107 -0.153 -0.061 <.0001 
Fall -0.040 -0.085 0.004 0.074 

nPCR (g/kg/day) Spring  0.001 -0.003  0.004  0.756 
Summer  0.002 -0.002  0.005  0.338 
Fall  0.015  0.011  0.018 <.0001 

IDWG% Spring -0.003 -0.005  0.000  0.060 
Summer -0.120 -0.122 -0.117 <.0001 
Fall  0.012  0.009  0.014 <.0001 

Post weight (kg) Spring -0.075 -0.099 -0.051 <.0001 
Summer -0.172 -0.196 -0.148 <.0001 
Fall 0.008 -0.0156 0.0311   0.514 

Table 5.2 Differences between seasons with winter as reference month.
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Figure 5.3 Seasonal variations in extracellular water.

Figure 5.4 Seasonal variations in fluid overload.
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When adjusted for tertiles of BMI, FO remained significantly different in the spring and 
summer when compared with winter (Table 5.3). SBP was significantly lower in spring (−0.7 
mmHg; P<0.0001), summer (−2.5 mmHg; P<0.0001) and fall (−0.8 mmHg; P<0.0001) when 
compared with winter (Table 5.2).

Table 5.3 Fluid overload (FO) adjusted for BMI tertiles.

Parameter Season  Difference 
to Winter 

95% LCL 95% UCL p-value 

BMI 1st tertile Spring  0.18 0.12 0.23 <.0001 
Summer  0.17 0.12 0.22 <.0001 
Fall -0.03 -0.08 0.02   0.213 

BMI 2nd tertile Spring  0.16 0.11 0.22 <.0001 
Summer  0.21  0.16 0.26 <.0001 
Fall  0.04 -0.01 0.09  0.120 

BMI 3th tertile Spring  0.12  0.06 0.18  0.000 
Summer  0.15  0.09 0.21 <.0001 
Fall  0.01 -0.04 0.07  0.669 

LCL: lower control limit; UCL: upper control limit; BMI: body mass index.

Sensitivity analysis for body composition
For 18658 patients, measurements were available for all seasons. Results with regard to 
seasonal variations in BC were not materially different from the overall analysis, except for 
the fact that differences for ECW between autumn and winter months became significant, 
whereas the difference between fall and winter for FO lost significance (Table 5.4).

Table 5.4 Differences between seasons with winter as reference month (only patients for whom measurements 
were available for all seasons included).

Parameter Season  Difference 
to Winter 

95% LCL 95% UCL p-value 

LTM (kg) Spring  0.39  0.35  0.44 <.0001 
Summer  0.82  0.77  0.87 <.0001 
Fall  0.13  0.09  0.18 <.0001 

FM (kg) Spring -0.33 -0.37 -0.29 <.0001 
Summer -0.95 -0.99 -0.91 <.0001 
Fall -0.33 -0.36 -0.28 <.0001 

ECW (L) Spring  0.17  0.16  0.19 <.0001 
Summer  0.25  0.24  0.26 <.0001 
Fall  0.06 0.05  0.07 <0.001 

FO (L) Spring  0.29  0.23  0.35 <.0001 
Summer  0.11  0.05  0.17 <.0001 
Fall  0.02 -0.003  0.08  0.046 

LCL: lower control limit; UCL: upper control limit; LTM: lean tissue mass; FM: fat mass; ECW: extracellular water; 
FO: fluid overload.

Seasonality of biochemical parameters and nPCR
Albumin was significantly higher in spring but not in summer and fall when compared with 
winter (Table 5.2). Creatinine was significantly lower in spring and fall, but not in summer 
when compared with winter (Table 5.2). CRP was significantly lower in spring, summer and 
fall when compared with winter (Table 5.2). Serum sodium was significantly lower in summer 
and fall when compared with winter, but not in spring (Table 5.2). Haemoglobin levels were 
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significantly lower in spring and summer but not in fall, when compared with winter (Table 
5.2). nPCR was only significantly higher during fall, but no significant differences were found 
in spring and summer when compared with winter (Table 5.2).

DISCUSSION
This study shows significant seasonal variations in BC, assessed by bio-impedance 
spectroscopy. FM was highest during winter, while LTM was highest during summer. 
Indicators of fluid state, ECW and FO, were higher during spring and summer. Also, serum 
albumin levels were higher during spring.
To our knowledge, this is the first study investigating seasonal variations in BC in dialysis 
patients. There is also a paucity of related research in healthy subjects while, in the animal 
world, studies in seasonal variations in BC are well explored9. Most of the studies were 
conducted in healthy subjects10-12. A recent study by Morinaka et al.12 showed that per cent 
body fat is lower during summer months, which is in agreement to the findings of the present 
study. To the best of our knowledge, no data on seasonal variations in LTM in human studies 
are available for comparison. The reasons for the increased FM and lower LTM during winter 
are not completely clear yet. The differences in BC may not be clinically negligible, as mean 
FM was estimated to be 1.17 kg higher and LTM was estimated to be 0.86 kg lower in the 
winter period in this latter group. The increase in FM could partly be explained by a higher 
nutritional intake during winter months. A study by Yanai et al.13 showed seasonal effects 
on food intake in general and protein intake in particular, based on blood urea nitrogen 
(BUN) and phosphate levels which are higher in winter when compared with summer. Our 
findings corroborate a study by Cheung et al.14 where BUN concentrations and nPCR rates 
were increased during winter in dialysis patients from the USA. However, in the present 
study, seasonal differences in nPCR were not as pronounced as those of BC and did not 
fully match the variations in FM. Serum albumin levels were significantly lower in fall and 
in summer when compared with winter, but highest in spring. Serum creatinine levels were 
lower in spring and fall when compared with winter, and thus corroborate findings of Yanai 
et al.13. Therefore, biochemical parameters match the variations in BC to some degree, but 
not in full. Notably, dilutional effects, due to differences in FO, may also affect the different 
laboratory parameters to some degree.
Next to nutritional intake, it is also possible that physical activity plays a role in seasonal 
variations in BC. Earlier studies in healthy subjects showed a decrease in physical activity 
during the winter months10. Unfortunately, no physical activity data are available in our 
study, so this hypothesis remains conjectural. Another potential mechanism related to 
higher LTM in summer is a lower level of inflammation, as evidenced by decreased CRP 
levels during this season.
A somewhat unexpected finding of the study is the larger ECW and FO during summer and 
spring, which are in line with decreased haemoglobin levels, with an increase between 0.2 
and 0.3 L, which may not be negligible clinically and in the interpretation of longitudinal 
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studies focusing on seasonal- sensitive parameters such as BP and BC. While increased fluid 
intake as a consequence of increased thirst with rising and higher ambient temperatures 
may be put forward to explain the increased ECW and FO during summer months, this is at 
variance to the relatively lower IDWG in these seasons.
Another possible mechanism might be that the decrease in FM during the summer period 
leads to a concomitant reduction in dry weight, which may pass unnoticed in clinical practice. 
This is supported by the fact that the decrease in FM during summer was not completely 
balanced by an increase in LTM, as judged from the effect sizes of these parameters. In 
other words, more FM is lost during summer than compensated for by the increase in LTM. 
Intriguingly, increased ECW and FO levels are contrary to the lower SBP during summer 
period observed in the present, but also in previous studies3,4 in summer. Relevant in this 
context is the relation between FO and mortality15. An earlier study by Usvyat et al.4 showed 
that mortality risk is highest during the winter season, which is contradictory regarding 
the findings in our study where ECW and FO were higher during the summer and spring 
season. In addition, decreased levels of serum sodium, which is also a known risk factor 
for mortality in dialysis patients, were observed in the summer months, in line with earlier 
data from Cheung et al.14. Whether the decline in serum sodium during summer is related 
to the increase in ECW and FO during the summer period cannot be stated. Also, in chronic 
heart failure patients lower serum sodium levels were observed during summer, which was 
associated with an increased hospitalization risk during this period16. The divergent trends 
between risk factors for mortality and seasonal changes in these parameters necessitates 
further analysis, because the time pad between changes in risk factors and the time of 
mortality in dialysis patients is a relatively novel field of research17.
One remaining question is in which compartment the excess FO is located. The fact that 
changes in BP and FO are dyssynchronous would suggest that the excess volume is located 
outside the blood compartment. It might be hypothesized that, given the fact that LTM is 
higher in summer time, the additional interstitial compartment could locate some of the 
excess volume. Wherever the location, the higher ECW and FO in summer suggest that 
lower SBP in summer is partly volume independent and caused by other factors such as 
reduced peripheral vasoconstriction during this season18.
In the only previous study which assessed this subject, no relation between seasonal 
variations in BP and extracellular volume was observed in 122 Chinese peritoneal dialysis 
patients19. Moreover, this study showed no seasonal variations in ECW, but differed from our 
study in terms of the size of the study population and in the climate zone.
Possible clinical implications of the present study are that additional attention for dry 
weight adjustment may be warranted during changes in seasons. Also the interpretation of 
longitudinal interventional studies will give more insight into pathophysiology. In addition, 
longitudinal studies assessing BC should take seasonal variations in BC into account. 
Whether nutritional- or physical activity-based interventions controlled for season could 
improve health status in dialysis patients might be a topic for future studies and possibly 
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target interventions to prevent the loss of lean body mass in winter, the season associated 
with the highest complication rate.
While our study was performed in a large international cohort of dialysis patients, it has 
some limitations. BC was measured exclusively by the BCM and no reference methods 
were used. However, the BCM has been validated with Dual energy X-ray absorptiometry in 
previous studies20,21. ECW, which changed during the seasons, is distributed in fat and lean 
tissue. Changes in FM were inverse to changes in ECW. The BCM model assumes a constant 
hydration ratio of adipose and lean tissue, and calculates FO as the difference between total 
ECW, and the ECW assumed to be present in healthy LTM and FM8. Thus, this assumption 
would lead to incorrect estimation of FO if the hydration ratio of these tissues would vary 
by seasons, but there is no research suggesting this possibility. Previous research indicates 
that BC determined by the BCM may be influenced by BMI8. For this reason, we performed 
additional analysis in patients stratified in BMI tertiles; however, this sub-group analysis did 
not materially changes our results. Of note, LTM is derived from measured parameters, while 
FM is calculated as the difference between gravimetric body weight and LTM. An increase in 
clothing, as might occur during winter time theoretically, could affect body weight and thus 
the estimation of FM. In contrast, the measurements of LTM and extracellular volume are not 
affected by clothing. We cannot address this possibility in the context of our study, because 
we have no documentation of patient clothing. Our study population was predominantly 
Caucasian and limited to Europe, which may limit generalizability to other regions of the 
world. Nevertheless, additional analyses were done for eastern Europe, north/west Europe, 
southern Europe and western Asia. Results showed similar findings when compared with 
the analyses for whole Europe. Lastly, patients were included if they had at least a single 
BCM measurement, so measurements for all seasons were not available for every patient. 
However, this aspect was corrected for by including patient as random factor in the mixed 
linear model.
In conclusion, this study in a large cohort of European dialysis patients showed significant 
seasonal variations in BC, with higher FM during winter and higher LTM during the summer 
period, assessed by bio-impedance spectroscopy. ECW and FO were actually highest during 
summer, in contrast to lower IDWG and SBP during this season. The clinical relevance of 
the present biological findings, as well as the need for interventions should be addressed in 
future studies.
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ABSTRACT
Background 
Dialysis patients have low scores of Health-related quality of life (HRQOL) which are 
associated with an increased risk of hospitalization and mortality. Also in stage 5 chronic 
kidney disease (CKD-5) non-dialysis patients HRQOL scores seem to be lower as compared 
with the general population. Few data exist on possible modifiable factors of low HRQOL in 
patients with advanced CKD.  This study firstly aimed to compare HRQOL between CKD-5 
non-dialysis and dialysis patients and to assess longitudinal changes from the CKD-5 non-
dialysis phase until six months after the start of dialysis. Secondly, the association between 
HRQOL and physical activity (PA) was studied.

Methods
For the cross-sectional analyses 67 patients (38 CKD-5 non-dialysis patients and 29 dialysis 
patients (dialysis vintage 3.60±3.21 years)), and 20 healthy controls were included. HRQOL 
was measured by Short Form-36 (SF-36) questionnaires to measure physical and mental 
domains of health expressed by the physical component summary (PCS) and mental 
component summary (MCS) scores.  PA (number of steps) was measured by a SenseWearTM 
pro3 armband. In the longitudinal part, these parameters were assessed in 30 CKD-5 non-
dialysis patients (who were also part of the cross-sectional analysis), before the start of 
dialysis and five to six months after starting dialysis.

Results
PCS scores were significantly lower both in CKD-5 non-dialysis patients (median [interquartile 
range] 35.60 [30.28-45.13]) and dialysis patients (40.4 [31.8-45.2]) as compared with 
healthy controls (56.9 [53.75-59.95]) (p<0.001). MCS scores were significantly lower in 
CKD-5 non-dialysis patients (median [interquartile range]47.85 [41.7-54.85]) (p<0.001), 
but not in dialysis patients (53.5 [42.8-59.85]) (p=0.099) as compared with healthy controls 
56.9 [53.75-59.95]. Differences between CKD-5 non-dialysis and dialysis patients were not 
significantly different for both PCS scores (p=0.544) and MCS scores (p=0.149).   PCS and 
MCS scores did not change significantly from the CKD-5 non-dialysis phase until 6 months 
after the start of dialysis. PA was significantly correlated with PCS in both CKD-5 non-dialysis 
patients (r=0.571; p<0.001), and dialysis patients (r=0.467; p=0.012), but not to MCS scores.

Conclusions
PCS and MCS scores are already low in the CKD-5 non-dialysis phase. In the first six months 
after the start of dialysis treatment HRQOL scores did not change significantly. Given the 
association between PCS score and PA, the importance of physical activity programs should 
be underscored in both CKD-5 non-dialysis patients and dialysis patients to improve HRQOL 
already in earlier stages of CKD.
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INTRODUCTION
Numerous studies already showed lower health-related quality of life (HRQOL) scores in 
dialysis patients as compared with the general population1-3. Low HRQOL scores were shown 
to be predictive of hospitalization and mortality in this patient group4-6. Nevertheless, in 
most studies, general trends at different time periods with a varying patient cohort were 
compared1,7, and only a limited amount of studies followed HRQOL in dialysis patients over 
time in the same patients8,9. A previous study of our group showed the prognostic values of 
changes in HRQOL over time in maintenance hemodialysis (HD) patients, but did not include 
the stage 5 chronic kidney disease (CKD-5) non-dialysis phase4.  Few prospective studies 
have focused on the effects of starting dialysis treatment on HRQOL9,10, despite the fact that 
in patients with end-stage renal disease (ESRD) the transition from the CKD-5 non-dialysis 
phase to the start of dialysis is a major life event11-13. Theoretically, HRQOL may decrease 
following the start of dialysis due to the invasiveness of the therapy, or might be improved 
due to the partial resolution of uremic symptoms. Previous studies showed a reduction 
in HRQOL in patients with CKD-5 in the non-dialysis phase as compared with the general 
population10,14,15, but a comparative study between CKD-5 non-dialysis and prevalent dialysis 
patients, or a longitudinal study following the start of dialysis before dialysis initiation have 
not yet been performed. 
In interpreting alterations in HRQOL, it is important to identify potentially modifiable factors. 
Previously, we observed a relation between nutritional parameters and changes in HRQOL4. 
Recently, a larger international cohort study observed a significant relation between physical 
activity (PA) and HRQOL in maintenance dialysis patients16. However, in this study, PA was 
assessed by self-reported scales and not by objective measurements.  In a previous study of 
our group, we observed a significant increase in walking speed six months after the start of 
dialysis as compared with the CKD-5 non-dialysis phase. Associations between changes in 
HRQOL and changes in PA following the start of dialysis have not been studied yet.
Aims of the present study were firstly to compare HRQOL between healthy controls, CKD-5 
non-dialysis and prevalent dialysis patients. Secondly, to assess changes from the CKD-5 non-
dialysis phase until six months after the start of dialysis, and thirdly, to asses associations 
between HRQOL and PA parameters, both in a cross-sectional and longitudinal design.

PATIENTS AND METHODS
This study consisted of a cross-sectional part and a longitudinal part. The cross-sectional 
analyses included 67 patients, 38 CKD-5 non-dialysis and 29 dialysis patients (dialysis 
vintage 3.60±3.21 years) and 20 healthy controls. Patients were recruited from the following 
dialysis centers in the South East of the Netherlands and North East of Belgium: University 
Hospital Maastricht, Catharina Hospital Eindhoven, Viecuri Hospital Venlo, Zuyderland 
Medical Centre Sittard, St Laurentius Hospital Roermond and Virga Jesse Hospital Hasselt. 
CKD-5 non-dialysis patients were ESRD patients starting with dialysis within one month 
(measurements were performed maximum four weeks prior to the first dialysis session). 
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Prevalent dialysis patients had been treated with hemodialysis (HD) or pertinoneal dialysis 
(PD) treatment for at least twelve months. 
The longitudinal analysis is part of an ongoing prospective study and included 30 CKD-5 non-
dialysis patients (who were also part of the cross-sectional analysis) in the transition phase 
for whom six-months follow up data were available. Measurements were performed before 
the start of dialysis treatment (within one month before the first dialysis session) and five to 
six months after starting dialysis by the same methods as used for the cross-sectional part. 

Exclusion criteria for patients were: an acute start of dialysis treatment, active symptomatic 
coronary artery disease or cardiac failure New York Heart Association (NYHA) class III or IV, 
active malignancies, active infections, and inability to provide informed consent. For bio-
impedance measurements: no implantable cardioverter defibrillator (ICD) or pacemaker 
(interference with body composition monitor (BCM)). For walking test measurements: 
physical disability (patients had to be able to walk without help), There were no restrictions 
for other measurements in patients with an ICD or pacemaker or physical disability.
Healthy controls were non-diabetic, non-smokers, and not hypertensive, and were recruited 
via advertisements. 
Exclusion criteria for healthy controls were: hypertension during the screening; systolic 
blood pressure higher than 170 mmHg and/or diastolic blood pressure larger than 100 
mmHg, diabetes mellitus, and inability to provide informed consent. 
Patients as well as healthy controls were in a fasting state during the measurements, except 
for the PA measurements.

Written informed consent was obtained from each patient prior to participation. The 
study was approved by the Ethical Committee (NL33129.068.10, NL35039.068.10) and the 
Hospital Board of the Maastricht University Medical Center+.

Quality of Life measurements
Short Form-36 (SF-36) questionnaires were filled out to measure physical component summary 
(PCS) scores for the physical domains of health, and mental component summary (MCS) for the 
mental domains of health. The SF-36 questionnaire is the most used tool to measure HRQOL 
in the field of nephrology worldwide17. The SF-36 is a multi-purpose, short-form health survey 
which includes 36 items. These 36 items provide a measure of physical and mental health 
items ranging from 0 (“worst possible health”) to 100 (“best possible health”). The 36 items 
can be subdivided in 8 subscales known as: physical functioning (PF), role-physical (RP), bodily 
pain (BP), general health (GH), vitality (VT), social functioning (SF), role-emotional (RE) and 
mental health (MH).  These 8 subscales were summarized in 2 summary scores known as: PCS 
score and a MCS score. For scoring of the questionnaires RAND-recommended scoring was 
used. In addition, all scales were normalized to make it comparable to the general population 
and other patient groups with specific disease states18,19. 
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Physical Activity measurements
Participants were requested to wear a SenseWearTM pro 3 armband (Bodymedia®, Pittsburg, 
PA) to measure PA parameter number of steps for 2 days (CKD-5 non-dialysis patients: 
1.99±0.44 days, mean on-body time: 93.6%; dialysis patients: 2.30±0.73 days, mean on-
body time: 96.7%; controls: 2.07±0.54 days, mean on-body time: 96.1%). For the analyses, 
the mean of the total on-body time was calculated (expressed as number of steps per 24 
hours) to include both the dialysis and non-dialysis day in the dialysis population. Data 
collected on both week days as well as weekend days were included in the analysis. 

Four meter walking test
A four meter walking test was conducted to determine walking speed (m/sec) by covering 
a distance of four meter. Several studies confirmed the validity and sensitivity of this widely 
used test for determining walking speed20-23 and physical performance in ESRD patients24. 

Nutritional and Biochemical parameters
Biomarkers such as albumin, hemoglobin (HB), dialysis adequacy (Kt/V), and the estimated 
glomerular filtration rate (eGFR) were measured or determined during routine patient 
laboratory measurements. GFR was estimated with the four-variable modification of diet in 
renal disease (MDRD) equation25.     

Comorbidity Score
Comorbidity index was determined for each patient based on the comorbidity checklist by 
the Davies comorbidity index scoring system26. Patients were divided into three risk groups; 
low, medium and high risk of mortality.  The Davies comorbidity index is commonly used in 
ESRD patients26-28. 

Longitudinal Analysis
Changes in PA and BC parameters, HGS, walking speed and PCS scores were measured in 30 
CKD-5 non-dialysis patients before the start of dialysis (within one month before start) and 
five to six months after starting dialysis by the same methods as for the cross-sectional part 
as described previously.

Statistical Analysis
Data are expressed as mean ± SD or median [interquartile range], unless indicated otherwise. 
Differences in PCS scores and MCS scores between groups were assessed with the Mann-
Whitney U test. 
For the longitudinal analysis, changes over time within the CKD-5 non-dialysis patient group 
were evaluated with the Wilcoxon matched pairs signed rank sum test.
Differences in change between dialysis modalities were evaluated with the Wilcoxon 
matched pairs signed rank sum test. In addition, for the PA parameters, multivariable linear 
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regression analyses were conducted to adjust for age and sex differences between groups 
and for diabetes.  
Associations were assessed with Spearman’s rank correlation coefficients.
Statistical analyses were performed by IBM SPSS Statistics for Windows, version 23 (IBM 
Corp. Armonk, NY, USA). P-values < 0.05 were considered to be statistically significant.

RESULTS

Patient characteristics 
Patient characteristics for the cross-sectional are summarized in table 6.1a. Patient characteristics 
for the patients participating in the longitudinal part are summarized in table 6.1b. 

Table 6.1a Patient Demographics.

CKD-5 non-dialysis 
patients 

Dialysis patients Healthy 
controls 

Number of Patients 38 29 20
Male (%) 73.7 69.0 65.0 
HD/PD - 21*/8 -
Age (years) 61.11±12.25 58.17±14.65 59.65±14.10 
Height (cm) 173.68±9.67 171.59±9.57 174.75±11.36 
Weight (kg) 77.67±16.76 82.75±15.31 76.68±15.80 
BMI (kg/m2) 25.48±3.76 28.06±4.45 24.86±3.41 
Albumin (g/L) 35.34±5.18 40.24±3.55 40.24±2.30 
Hemoglobin (mmol/L / g/dL)  6.69±0.90 / 10.78±1.45 6.93±0.71 / 11.17±1.15 -
Kt/V (HD/PD) - 1.54±0.39 / 2.17±0.74 -
eGFR (ml/min/1.73m2) 8.40±2.79 - 72.59±11.07 

Origin of end-stage renal disease 
Diabetic nephropathy (%)  
Polycystic kidney disease (%)  
Nephrosclerosis(%) 
Hypertensive nephropathy (%) 
Nephrotic syndrome (%) 
E.c.i. (%) 
Other (%) 

5.3 
26.3 
15.8 
5.3 

13.2 
13.2 
21.1 

20.7 
17.2 
6.9 

10.3 
3.4 

13.8 
27.6 

-

Diabetes Mellitus (%) 13.2 41.4 -
Cardiovascular Disease (%) 36.8 37.9 -

Risk of mortality by Davies index 
Low risk (%)  
Medium risk (%)  
High risk (%) 

47.4 
39.5 
13.2 

41.4 
37.9 
20.7 

-

History of prior KTx (%) 23.7 31.0 0.0 
SBP (mmHg) 146.29±22.14 152.43±26.47 137.98±13.39 
DBP (mmHg) 81.95±13.05 80.84±12.44 82.30±6.90 

Data are given in mean±SD. HD = hemodialysis, PD = peritoneal dialysis, BMI = body mass index, eGFR = 
estimated glomerular filtration rate, E.c.i. = e causa ignota, KTx = kidney transplantation, SBP = systolic blood 
pressure, DBP = diastolic blood pressure * All HD patients have arteriovenous (AV) fistulas, Laboratory parameters 
were available in: n=37 in the CKD-5 non-dialysis group, n=28 for hemoglobin and n=25 for albumin in the dialysis 
group, n=20 in the healthy control group.
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Data are given in mean±SD. HD = hemodialysis, PD = peritoneal dialysis, BMI = body mass index, eGFR = estimated 
glomerular filtration rate, E.c.i. = e causa ignota, KTx = kidney transplantation, SBP = systolic blood pressure, DBP 
= diastolic blood pressure * 1 HD patient had a central venous catheter (CVC) # 1 PD patient switched from PD to 
HD via CVC 3 months after the start of dialysis, Laboratory parameters were available in n=29.

Quality of Life outcomes
PCS scores were significantly lower in both CKD-5 non-dialysis patients (35.60 [30.28-
45.13]) and dialysis patients (40.4 [31.8-45.2]) as compared with healthy controls (56.9 
[53.75-59.95]) (p<0.001). For CKD-5 non-dialysis and dialysis patients PCS scores did not 
significantly differ (p=0.544) (figure 6.1).  
The same held true for the subscales, which correlate with PCS scores; PF, RP, BP, GH and VT, 
except for BP differences in dialysis patients as compared with healthy controls, which were 
not significantly different (figure 6.2).
MCS scores were significantly lower in CKD-5 non-dialysis patients (47.85 [41.7-54.85]) 
(p<0.001), but not in dialysis patients 53.5 [42.8-59.85] (p=0.099) as compared with healthy 

Patient Demographics Before start of dialysis 
Number of Patients 30
Male (%) 66.7 
HD*/PD# 15/15
Age (years) 60.67±13.03 
Height (cm) 172.27±9.85 
Weight (kg) 76.35±16.82 
BMI (kg/m2) 25.44±3.78 
Albumin (g/L) 36.12±3.65 
Hemoglobin (mmol/L / g/dL)  6.66±0.84 / 10.73±1.36 
eGFR (ml/min/1.73m2) 8.66±2.94 

Origin of end-stage renal disease 
Diabetic nephropathy (%)  
Polycystic kidney disease (%)  
Nephrosclerosis(%) 
Hypertensive nephropathy (%) 
Nephrotic syndrome (%) 
E.c.i. (%) 
Other (%) 

6.7 
30.0 
16.7 
3.3 
13.3 
13.3 
16.7 

Diabetes Mellitus (%) 10.0 
Cardiovascular Disease (%) 33.3 

Risk of mortality by Davies index 
Low risk (%)  
Medium risk (%)  
High risk (%) 

46.7 
43.3 
10.0 

History of prior KTx  (%) 23.3 
SBP (mmHg) 144.83±22.55 
DBP (mmHg) 81.93±13.37 

Six months after the start of dialysis 
Albumin (g/L) 34.25±2.88 
Hemoglobin (mmol/L / g/dL)  7.21±0.79 / 11.62±1.27 
Kt/V (HD/PD) 1.28±0.16 / 2.59±1.03 

Table 6.1b Patient demographics longitudinal analyses.
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controls (56.9 [53.75-59.95]). Here also, no significant differences were found for MCS 
scores between CKD-5 non-dialysis and dialysis patients (p=0.149) (figure 6.3).  
The same held true for the subscales which correlate with MCS scores; MH, RE, SF, VT and 
GH, except for MH differences between dialysis patients and healthy controls, which were 
not significant (figure 6.2).

  








 


 






Figure 6.1 Physical component summary (PCS) scores.  

  








 




 





Figure 6.3 Mental component summary (MCS) scores.  
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Physical activity outcomes
As described in our previous study (chapter 4), number of steps was significantly lower in 
both CKD-5 non-dialysis patients (5009.0 [3187.5-7031.5]) (p<0.001) and dialysis patients 
(3994.5 [1993.5-6712.75]) (p<0.001) as compared with healthy controls (11062.0 [7687-
13839.0]).
Walking speed was significantly lower in CKD-5 non-dialysis patients (1.49±0.45 m/s) as 
compared with healthy controls (1.78±0.28 m/s) (p=0.013), but not as compared with 
dialysis patients (1.57±0.53) (p=0.567). After adjustment for differences in age, sex and 
diabetes between groups, results were not materially changed.  

Longitudinal outcomes HRQOL
Over a six month period of time PCS scores did not significantly change after the start of 
dialysis (35.6 [30.83-44.35] to 38.8 [32.6-50.0]; p=0.233). Also, additional analyses of the 
subscales for PCS score; PF, RP, BP, GH and VT did not show significant changes over time. 
Also, MCS scores did not significantly change over a six month time period after the start 
of dialysis (50.15 [42.5-55.23] to 51.05 [39.7-57.63] p=0.975). The same held true for the 
additional analyses of the subscales for MCS score; MH, RE, SF and again VT and GH did not  
significantly change over a six month time period after the start of dialysis.
When separated by dialysis modality, no significant changes over time were found for 
different dialysis modalities. For patients who started with HD, PCS scores remained similar 
(37.9 [30.2-48.5] to 37.9 [32.3-51.5]) (p=0.776) and MCS scores changed from (51.0 [45.5-
54.7] to 54.6 [39.9-57.7]) (p=0.955) over time. For patients who started with PD similar 
findings were observed were PCS scores changed from (35.2 [31.0-40.8] to 40.0 [33.2-45.7]) 
(p=0.256) and MCS scores changed from (47.1 [42.2-58.0] to 46.7 [37.5-55.6]) (p=0.865) 
over time.

Longitudinal outcomes of Physical Activity 
As also described in our previous study (chapter 4), significant changes over time in the 
first six months after starting dialysis were found for number of steps from 5378.0 [2998.0-
7092.25] to 5576.0 [3978-9357.25] (p=0.003). Walking speed significantly increased over 
time from 1.50±0.45 m/s to 1.73±0.38 (p=0.010).

Associations between PA and HR-QOL scores 
Associations were found between number of steps and PCS scores in both CKD-5 non-dialysis 
(rs=0.571; p<0.001) and dialysis patients (rs=0.467; p=0.012) (figure 6.4). No associations 
were found between PA and MCS scores (CKD-5 non-dialysis patients (rs=-0.090; p=0.596), 
dialysis patients (rs=-0.031; p=0.875)). The subscales PF, RP and VT, which correlate with 
the PCS score, were associated with number of steps in CKD-5 non-dialysis patients (PF 
(rs=0.550; p<0.001), RP (rs=0.379; p=0.021) and VT (rs=0.386; p=0.018)). In dialysis patients 
only an association between number of steps and subscale PF was found (rs=0.548; p=0.003).   
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Figure 6.4 Association between physical component summary (PCS) score and number of steps in both CKD-5 
non-dialysis and dialysis patients.  

Also, associations were found between walking speed and PCS scores in CKD-5 non-dialysis 
patients (rs=0.530; p=0.002), but not in dialysis patients (rs=0.103; p=0.608) (figure 6.5). 
No associations were found between walking speed and MCS scores (CKD-5 non-dialysis 
patients (rs=-0.124; p=0.500), dialysis patients (rs=0.054; p=0.788)). The subscales PF, VT and 
SF, which correlate with the PCS score, were associated with walking speed in CKD-5 non-
dialysis patients (PF (rs=0.646; p<0.001), VT (rs=0.428; p=0.015) and SF (rs=0.384; p=0.030)). 
In dialysis patients no associations between walking speed and any of the subscales were 
found. 
Furthermore, no associations were found between the change in the number of steps from 
the CKD-5 non-dialysis phase to the dialysis phase and both the change in PCS scores and 
the change in MCS scores. Similarly, no associations were found between the change in 
walking speed and both the change in PCS scores and the change in MCS scores.   
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Figure 6.5 Association between physical component summary (PCS) score and walking speed in both CKD-5 non-
dialysis and dialysis patients.

DISCUSSION
This study firstly showed a reduction in the physical domains of the SF-36 HRQOL scores 
in both CKD-5 non-dialysis and prevalent dialysis patients, compared with age matched 
healthy controls, without significant differences between both patient groups. The mental 
domain of the SF-36 scale (MCS) was significantly lower in CKD-5 non-dialysis patients as 
compared with controls, without significant differences between CKD-5 non-dialysis and 
prevalent dialysis patients. Secondly, in the longitudinal analysis, no significant changes in 
HRQOL were observed in one of the critical periods for ESRD patients, i.e. the phase from 
CKD-5 non-dialysis phase until 6 months after the start of dialysis11-13, neither in the physical, 
nor as in the mental components. Lastly, PA parameters were significantly associated with 
PCS scores and components of the PCS scale of the SF-36, which was most pronounced for 
the PF component. No associations were found for changes in PA (delta number of steps/ 
delta walking speed) and changes in both PCS and MCS scores (delta PCS/delta MCS).  
The cross-sectional analysis showed PCS score values below norm-based scores in CKD-
5 non-dialysis patients as well as in dialysis patients, which were significantly lower as 

Walking speed (m/sec) 

PC
S 

sc
or

e 

● Predialysis Patients 
○ Dialysis Patients  



HRQOL IN THE TRANSITIONAL PHASE OF CKD-5 PATIENTS 107

6

compared with healthy controls, suggesting reduced HRQOL in this patient group. Especially 
subscales physical functioning, role physical and general health, which are highly associated 
with the physical component18, were low as compared with norm-based values. Previous 
research in a large US dialysis cohort showed incomparable reduction in PCS and MCS 
scores of the SF-36 in both incident as well as prevalent dialysis patients4.  Our findings 
are also in line with other literature, which showed lower HRQOL scores in incident dialysis 
patients29, and in both CKD (stage 2 -5) patients as well as in HD patients2,30. However, to 
the best of our knowledge, no comparative study has been performed between CKD-5 non-
dialysis and prevalent dialysis patients. Interestingly, these findings are not only common 
in ESRD patients, as also in other populations with chronic organ diseases, such as chronic 
obstructive pulmonary disease (COPD)31,32 and heart failure (HF)33, low HRQOL scores are 
observed.   
In the longitudinal analysis no significant changes in PCS or MCS scores were observed in 
the first six months after starting dialysis. This is remarkable given the fact that the start of 
dialysis is a critical phase in ESRD patients11,12 with both phenotypic and pathophysiologic 
changes13, an increased risk of mortality34,35, and in nursing home patients, a significantly 
decreased functional status36. We should acknowledge that our patient group may consist 
of a selected group, as all patients were recruited from the CKD-5 non-dialysis out-patient 
clinic. The severely impaired HRQOL in the CKD-5 non-dialysis phase underscores the need 
for strategies to improve HRQOL already in earlier stages of CKD37.       
One of these potentially modifiable factors includes PA. We observed a significant relation 
between objectively measured PA parameters and physical domains of the PCS. A study 
of Painter et al. showed increased self-reported physical scale and PCS scores in patients 
receiving exercise training38. Also, a more recent study of Lopes et al. showed that higher 
self-reported aerobic physical activity level was associated with better physical HRQOL 
(higher PCS scores) in HD patients16. The results of our study thus confirm findings from 
previous research, although in our study objective measures were used to assess PA by the 
Sensewear Pro3TM. Next to that, the association between changes in HRQOL and changes 
in PA was longitudinally assessed over a six month time period. Despite the association 
between PA and PCS scores in the cross-sectional analysis, contrastingly no associations 
were found for changes in PA parameters and changes in PCS scores over a six month period 
of time. This might be due to the fact that changes in PA following the start of dialysis were 
not significant in the overall group and relatively small in individual patients. 
Several limitations of the study deserve consideration: Firstly, both PD and HD patients were 
included, with apparently little differences between both groups. It is, however, important 
to realize that this study focused on the effects of starting dialysis treatment per se and 
not on differences in dialysis modalities, for which a larger sample size would be required. 
However, a previous study also did not conclude notable differences in HRQOL between HD 
and PD treatment9. Secondly, only the SF-36 questionnaire was used to measure HRQOL 
instead of the Kidney Disease Quality of Life-36 (KDQOL-36) which is especially designed 
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for patients with ESRD. Nevertheless, the SF-36 is the most widely used tool to measure 
HRQOL in the field of nephrology worldwide17, and scores were normalized which made 
scores comparable to the general population (healthy controls)18,19. Thirdly, we cannot 
exclude selection bias as we have included relatively young and possibly less frail controls 
and patients. This is supported by the fact that, none of the 30 CKD-5 non-dialysis patients in 
the longitudinal analyses  died in the first six months of the transitional phase after starting 
dialysis treatment.  
In conclusion, HRQOL (as measured by PCS and MCS scores in the SF-36) is already decreased 
in the CKD-5 non-dialysis phase. Additionally, in the first six months after the start of dialysis 
treatment HRQOL scores did not change significantly, suggesting no major effect of the 
start of dialysis in our ESRD patients, in whom the reduced quality of life appears to be 
primarily related to the renal disease per se. Next to HRQOL also PA is low in both CKD-5 
non-dialysis as well as dialysis patients. Given the association between the physical domain 
of health (PCS) and PA, the importance of physical activity programs should be underscored 
and strongly encouraged in both CKD-5 non-dialysis as well as dialysis patients in order to 
increase the physical domains of HRQOL in these patients groups.
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ABSTRACT
Background/Aim 
Physical component summary (PCS) and mental component summary (MCS) scores are 
associated with hospitalization and mortality in patients with end-stage renal disease. 
Most studies in these patients are cross-sectional in nature. This study aimed to assess 
the dynamics of health-related quality of life (HRQOL) over time, as well as determinants 
of changes in HRQOL. Also, the relation between changes in HRQOL with respect to both 
hospitalization and mortality was assessed. 

Methods 
A cross-sectional analysis was performed in 77,848 hemodialysis (HD) patients whereas 
changes in HRQOL were assessed in 8,339 patients over a 1-year time period. HRQOL 
measurements were assessed with Kidney Disease Quality of Life-36 questionnaires. Also, 
relevant biomarkers (albumin, creatinine, hemoglobin, sodium) and equilibrated normalized 
protein catabolic rate (enPCR) were measured. 

Results 
HRQOL were found to be decreased in HD patients. Nutritional indices like creatinine (r=0.23; 
P<0.0001) and serum albumin (r=0.21; P<0.0001) positively correlated with PCS scores. 
An increase in levels of albumin, creatinine, hemoglobin, enPCR and serum sodium over 
time are significantly (P<0.0001) associated with positive changes in PCS scores. Changes in 
PCS scores were found to be predictive for hospitalization and mortality. The correlates of 
predictors for MCS scores were less strong compared to that of PCS scores. The strongest 
positive predictors of MCS scores were age (r=0.08; P<0.0001), albumin (r=0.05; P<0.0001) 
and sodium (r=0.05; P<0.0001). 

Conclusions
Nutritional factors are strongly associated with changes in HRQOL, especially with regard 
to PCS scores (change over time in HRQOL was an independent predictor of hospitalization 
and mortality). Increased scores of HRQOL over time are positively associated with survival.
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INTRODUCTION
Over the years, numerous studies consistently showed that health-related quality of life 
(HRQOL) in patients with end-stage renal disease (ESRD) was lower compared to that in the 
general population, despite the technical developments in dialysis therapies1-3. Moreover, 
HRQOL is an important predictor of mortality in ESRD patients3-7. HRQOL of ESRD patients 
seemed to be  the most affected in terms of physical functioning and vitality, whereas 
mental HRQOL appeared somewhat less impaired as compared to that of the general 
population8. Various patient-related factors were shown to be related to HRQOL, such as 
age and comorbidity9.
It is important to identify potentially modifiable determinants of HRQOL. Whereas the 
relation between hemoglobin levels and HRQOL is still controversial in many studies10-13, a 
systematic review of Spiegel et al. showed that HRQOL was strongly related to nutritional 
biomarkers like albumin and creatinine, while in contrast the correlation with dialysis 
adequacy (Kt/V) and inflammatory markers appeared to be less strong8. In addition, a study 
of Lacson et al. showed significant associations between both physical component summary 
(PCS) scores and mental component summary (MCS) scores, and various quality-of-care 
indicators such as albumin and Kt/V, and mortality14.
Earlier studies, however, have either focused on crosssectional relationships between 
HRQOL and its determinants15, or studied the relation between mortality and HRQOL using 
an assessment at a single point in time5,7. However, a recent study showed the additional 
value of following the dynamics of important outcome parameters in dialysis patients as 
compared to single measurements16. Therefore, additional information regarding potentially 
modifiable determinants of HRQOL, as well as on the predictive value of HRQOL may be 
obtained when studying dynamics in HRQOL.
Most studies that have addressed dynamics in HRQOL have done so by comparing general 
trends at different time periods with a varying patient cohort1,17. Nevertheless, few studies 
followed HRQOL in hemodialysis (HD) patients over time in the same patients18,19.
Given the inclusion of a large number of patients, and the availability of repeated 
measurements utilizing the Kidney Disease Quality of Life-36 (KDQOL-36 TM), the Fresenius 
North America Database provided an excellent opportunity to study not only cross-sectional 
correlates but also the determinants and prognostic value of changes in KDQOL-36 TM 
component summary scores for maintenance dialysis patients, as was the goal of this paper.

PATIENTS AND METHODS
In order to evaluate HRQOL of the patients, the KDQOL-36 TM survey was used20. The 
KDQOL-36 TM is a self-reported measure developed for individuals with ESRD, which consists 
of the SF-12 PCS and MCS scores along with the Burden of Kidney Disease (BHR) and Effects of 
Kidney Disease (EHR) subscales21. The PCS and MCS scores obtained from the SF-12 component 
of the KDQOL-36 TM are comparable to the PCS and MCS scores directly obtained from the 
Short Form-36 questionnaire22. A baseline survey was obtained beginning in 2008, and ever 
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since, this survey was routinely offered within the first 120 days of initiating dialysis and, for 
all patients, annually thereafter, providing the patients consent. All measures of the different 
subscales were scored on a 0 to 100 point scale were higher values representing better HRQOL. 
RAND-recommended scoring was used that was derived using normalized (t-score) scoring 
algorithms for this tool23,24. PCS/MCS scores are used this way to make it comparable to the 
general population and other patient groups with specific disease states. There are no RAND 
PCS/MCS norms specific to ESRD. However, data showing PCS/MCS scores for ESRD patients 
measured in large patient groups22,25 are available. It is a known fact that ESRD patients’ MCS/
PCS scores are lower than those in the general population.
The study was divided into two parts: a cross-sectional evaluation and a longitudinal 
assessment. Initially, all KDQOL-36 TM surveys between January 1, 2008 and December 31, 
2011 (n = 112,315) were screened (table 7.1).

Table 7.1 Patient Demographics.
Patient Demographics 
Number of Patients 
Number of Surveys 
Age (years) 
Vintage (years) 
Male (%) 
Ethnicity: White (%) 
Ethnicity: Black (%) 
Ethnicity: Hispanic (%) 
Access: Catheter (%) 
BMI (kg/m2)
Albumin (g/dL) 
Creatinine (mg/dL)  
enPCR (g/kg/day) 
Hemoglobin (g/dL) 
Predialysis Systolic Blood Pressure (mm/Hg) 
Physical Component Score (0 – 100) 
Mental Component Score (0 – 100) 
Symptom Problem Score (0 – 100) 
Burden of Kidney Disease Score (0 – 100) 
Effects of Kidney Disease Score (0 – 100)

77848
112315
61.92 ± 14.59 
3.45 ± 3.62 
55
60
36
16
19
28.75 ± 7.89 
3.87 ± 0.39 
8.22 ± 3.03 
0.90 ± 0.26 
11.51 ± 1.11 
149.36 ± 20.77 
36.52 ± 10.47 
50.12 ± 10.70 
77.79 ± 16.35  
50.26 ± 29.31 
71.94 ± 22.50 

Data given as mean ± SD.  BMI: body mass index; enPCR: equilibrated normalized protein catabolic rate.

The cross-sectional analysis focused on determining the differences between incident and 
prevalent patients, different age categories, as well as to determine the associations between 
both PCS and MCS scores and nutritional and biochemical indices. Next, the longitudinal 
analysis focused on differences in PCS and MCS scores over time, which are highly related to 
care and mortality. Other variables were not taken into account.
For the cross-sectional part, all clinical and demographical information was assessed at the 
same month as the HRQOL survey. Patients were also separately analyzed according to age 
(<50, 50–65, 65–75 and >75 years of age), and incident or prevalent status; incident patients 
were defined as those with vintage at the time of the survey as <120 days, the remaining 
patients were considered prevalent.
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In order to study the determinants of changes in HRQOL, as well as the effects of changes 
in HRQOL on outcome, only patients who had ≥ 2 surveys 12 months apart (i.e. survey 2 
was done in the month 365 days after survey 1) were included. Clinical and demographic 
information was collected in the month of the first and second surveys. In these patients, the 
determinants of changes in HRQOL domains were assessed using paired t-test, as well as the 
predictive value of change in HRQOL on outcome using the Cox proportional hazards model. 
Biomarkers (albumin, creatinine, hemoglobin, sodium) and equilibrated normalized protein 
catabolic rate (enPCR) were measured. Only predictors with a correlation coefficient higher 
than 0.05 were reported. Analysis was conducted in accordance with privacy regulations of 
Fresenius Medical Care North America (FMCNA) and approved by New England IRB.

RESULTS

Cross-sectional analysis
For the cross-sectional part, 77,848 HD patients and 113,315 surveys were included in the 
analysis (some patients had more than one survey filled out) between September 2009 and 
December 2010. The mean vintage was 3.45 years and 6% of patients were incident. The 
cross-sectional analysis showed that the PCS scores of the overall patient group were found 
to be decreased in dialysis patients (table 7.1).
PCS scores, MCS scores, as well as BHR were lower in incidence as compared to those in 
prevalent patients. Yet, symptom problem score and EHR scores were higher in incident 
patients as compared to the scores in prevalent patients (fig. 7.1). However, differences, 
although significant, were small on an absolute scale.

Figure 7.1 Comparison of incident and prevalent patients.
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As for age, patients were subdivided in four age categories; patients below 50, between 
50 and 65, between 65 and 75, and above 75 years of age. In general, PCS were higher in 
younger patients, whereas mental and especially EHR scores were lower in younger subjects 
(fig. 7.2).

Figure 7.2 Comparison of patients by age group; below and above 50 years of age.

Associations of HRQOL: cross-sectional analysis
Determinants for HRQOL domains were most pronounced for PCS scores (table 7.2) and to a 
somewhat lesser degree for MCS scores (table 7.3). The largest positive correlates with PCS 
scores were nutritional indices, such as creatinine (r=0.23; P<0.0001) and albumin (r=0.21; 
P<0.0001) (table 7.2). Important negative correlates were observed for age (r= –0.17; 
P<0.0001), and to a somewhat lesser degree for neutrophil-to-lymphocyte ratio (NLR) (r= 
–0.11; P<0.0001) (table 7.2). 

Table 7.2 Correlations of Physical Component Scores: cross-sectional data. 
Parameter r p - value  
Creatinine (mg/dl)   0.23 < 0.0001 
Albumin (g/dl)   0.21 < 0.0001 
Age (years) - 0.17 < 0.0001 
Predialysis Diastolic Blood Pressure (mm/Hg)   0.15 < 0.0001 
EPO-dose - 0.12 < 0.0001 
NLR  - 0.11 < 0.0001 

EPO = erythropoietin; NLR = neutrophil lymphocyte ratio.
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EPO = erythropoietin 

The correlates of predictors for MCS scores were less pronounced as compared to the PCS 
scores. Age (r=0.08; P<0.0001) and albumin (r=0.05; P<0.0001), followed by serum sodium 
(r=0.05; P<0.0001), were the strongest positive predictors of MCS (table 7.3). Biochemical 
correlates for other components/domains of the HRQOL score were less pronounced (data 
not shown).

Longitudinal changes in HRQOL
Table 4 shows the differences over time (12 months) in outcomes of the different HRQOL 
scores in 8,339 patients. In the overall patient group no statistically as well as clinically 
significant changes were found for PCS and MCS scores and for symptom problem scores. 
BHR and EHR scores significantly increased over time (table 7.4).
However, 78.7 percent of the patients showed changes in PCS scores larger than 2 points 
(<–2 or >2) (table 7.5). The same held true for MCS scores; 77.1 percent of the patients had 
changes larger than 2 points (<–2 or >2) (table 7.6).

Associations of changes in HRQOL
The most significant positive associations for an increase in PCS scores were increases in 
nutritional parameters, hemoglobin and serum sodium (table 7.7). For changes in MCS 
scores, the only parameter was the change in serum albumin. For changes in other domains, 
no correlations above 0.05 were observed.

Relation of changes in HRQOL with mortality
Both cross-sectional values of PCS scores (1 point higher starting PCS score) as well as 
changes in PCS scores (1 point increase in 12 months) were predictive of mortality, after 
adjustments for clinical and demographic parameters, which were selected based on clinical 
plausibility (table 7.8).

Relation of changes in HRQOL with hospitalization
Both cross-sectional values of PCS scores (1 point higher starting PCS score) as well as 
changes in PCS scores (1 point increase in 12 months) were predictive of hospitalization, 
after adjustments for clinical and demographic parameters, which were selected based on 
clinical plausibility. Time to first hospitalization significantly prolonged with increased PCS 
scores (table 7.9).

Parameter r p - value  
Age (years)  0.08 < 0.0001 
Albumin (g/dl)  0.05 < 0.0001 
Serum Sodium (mmol/L)  0.05 < 0.0001 
Predialysis Diastolic Blood Pressure (mm/Hg) -0.05 < 0.0001 
EPO-dose -0.05 < 0.0001 

Table 7.3 Correlations of Mental Component Scores: cross-sectional data.
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Data given as mean ± SD or mean and 95% CI; BMI: body mass index; enPCR: equilibrated normalized protein 
catabolic rate; CI: confidence interval; LCL: lower control limit; UCL:upper control limit. 
*Change between first and second survey was calculated as last survey – first survey.

Patient Demographics  
Number of patients 8339
Age (years) 61.53 ± 14.48  
Vintage (years) 3.31 ± 3.62  
Male (%) 54%
Ethnicity: White (%) 57%
Ethnicity: Black (%) 40%
Ethnicity: Hispanic (%) 16%
BMI (kg/m2) 28.89 ± 7.40 

First Survey 95%CI 
[LCL, UCL] 

Change*  
between 
First and  
Second
Survey (12 
months) 

95%CI 
[LCL, UCL] 

Access: Catheter (%)  17 -6
Albumin (g/dL) 3.89 [3.88, 3.90] 0.04 [0.03, 0.05] 
Creatinine (mg/dL)  8.51  [8.44, 8.58] 0.23 [0.19, 0.27] 
enPCR (g/kg/day) 0.92  [0.91, 0.93] -0.01 [-0.02, 0] 
Hemoglobin (g/dL) 11.65  [11.63, 11.67] -0.18 [-0.21, -0.15] 
Predialysis Systolic Blood Pressure (mm/Hg) 150.57  [150.14, 151] -1.04 [-1.42, -0.66] 
Physical Component Score (0 – 100) 37.59 [37.37, 37.81] -0.05 [-0.25, 0.15] 
Mental Component Score (0 – 100) 51.10  [50.88, 51.32] 0.14 [-0.08, 0.36] 
Symptom Problem Score (0 – 100) 79.20  [78.86, 79.54] 0.24 [-0.07, 0.55] 
Burden of Kidney Disease Score (0 – 100) 
Effects of Kidney Disease Score (0 – 100) 

52.42  
73.73 

[51.80, 53.04] 
[73.26, 74.20] 

1.32 
0.96 

[0.75, 1.89] 
[0.53, 1.39] 

Table 7.4 Patient Demographics of patients with ≥ 2 surveys.
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Parameter r p - value  
Albumin (g/dl)  0.10 < 0.0001 
enPCR (g/kg/day)  0.08 < 0.0001 
Hemoglobin (g/dL)  0.05 < 0.0001 
Serum Sodium (mmol/L)  0.05 < 0.0001 
Creatinine (mg/dl)  0.05 < 0.0001 

Table 7.7 Correlations of changes over time in Physical Component Scores: cross-sectional data. 

Parameter Hazard Ratio 95% CI [LCL, UCL] p - value 
Age (years) 1.02 [1.02, 1.03] <.0001 
Male 1.07 [0.92, 1.25] 0.361 
Ethnicity: White  1.12 [0.94, 1.34] 0.209 
Ethnicity: Hispanic  0.88 [0.70, 1.11] 0.279 
Vintage (years) 1.03 [1.01, 1.05] 0.005 
(First) Albumin (g/dl) 0.66 [0.54, 0.81] <.0001 
(First) Creatinine (mg/dl) 0.96 [0.93, 0.99] 0.016 
(First) Hemoglobin (g/dL) 0.90 [0.84, 0.96] 0.002 
BMI (kg/m2) 0.98 [0.97, 0.99] 0.003 

 Physical Component Score*  0.97 [0.96, 0.98] <.0001 
 Mental Component Score* 0.99 [0.99, 1.00] 0.070 

*Hazard ratios were calculated corresponding with a 1 point increase in PCS/MCS score in 12 months   
BMI: body mass index; ∆: delta; CI: confidence interval; LCL: lower control limit; UCL: upper control limit.

Table 7.9 Hazard Ratios for hospitalization in patients with ≥ 2 surveys.   

Parameter Hazard Ratio 95% CI [LCL, UCL] p - value 
age 1.00 [1.00, 1.01] 0.010 
male 0.89 [0.83, 0.95] 0.000 
Ethnicity:  White 0.99 [0.92, 1.07] 0.812 
Ethnicity: Hispanic 0.91 [0.83, 1.01] 0.078 
Vintage (years) 1.00 [0.99, 1.01] 0.572 
(First) albumin (g/dl) 0.77 [0.70, 0.84] <.0001 
(First) creatinine (mg/dl) 0.99 [0.97, 1.00] 0.081 
(First) Physical Component Score 0.98 [0.98, 0.98] <.0001 
(First) Mental Component Score 1.00 [0.99, 1.00] 0.015 

 Physical Component Score* 0.99 [0.98, 0.99] <.0001 
 Mental Component Score* 1.00 [0.99, 1.00] 0.007 

*Hazard ratios were calculated corresponding with a 1 point increase in PCS/MCS score in 12 months   
∆: delta; CI: confidence interval; LCL: lower control limit; UCL: upper control limit.

DISCUSSION
This study assessed the relation between changes in HRQOL domains, hospitalization and 
mortality, as well as important clinical and laboratory parameters in the same patients over 
a well-defined time period in a large cohort of patients.
In addition to studying the dynamics of HRQOL, we also studied the associations of HRQOL 
in a cross-sectional analysis. In agreement to the existing literature2,7, predominantly 
nutritional parameters were related to HRQOL, especially to PCS scores. We observed that 

enPCR = equilibrated normalized protein catabolic rate. 

Table 7.8 Hazard Ratios for mortality in patients with ≥ 2 surveys.  
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NLR as a marker of inflammation was related to PCS scores, whereas in the meta-analysis 
of Spiegel et al. the relation between inflammatory markers and PCS scores were relatively 
small8. Subdividing patients by age groups showed that MCS scores tended to be higher 
in older patients as compared to younger patients, which was in agreement with previous 
literature3,26. Possibly this can be explained by different life expectations, and a different 
acceptance of the illness role in elderly as compared to younger patients. As expected, PCS 
scores were significantly higher in younger patients (<50 years) as compared to patients 
over 50 years of age, with a significant decline of PCS scores by different age categories. In 
general, correlates between biochemical and clinical parameters and MCS scores, as well as 
other domains were less strong as compared to PCS scores27-29.
Changes in HRQOL over time were not significant for the whole patient group, although 
additional analyses showed that when divided into subgroups, relatively large changes in 
PCS and MCS scores could be observed. Earlier studies using the Short Form-36 HRQOL 
questionnaires suggested that changes in PCS and MCS scores between 2 and 3 points were 
clinically meaningful19,24. Despite the lack of significant changes in PCS and MCS scores over 
time for the whole group, a minimum of a 2-point change (<–2 or >2) in both PCS as well as 
MCS scores was observed in almost 80% of the patients, suggesting strong dynamics in HD 
patients’ HRQOL over time, which average out in the entire group.
Changes in HRQOL were mainly associated with changes in nutritional parameters, 
such as serum creatinine and enPCR. The strength of the association between changes 
in biochemical and clinical parameters and HRQOL was however relatively small. The 
parameter that showed the strongest correlation with changes in PCS scores in HD patients 
over time was serum albumin. Whereas serum albumin was influenced by inflammation 
and malnutrition30-32, serum creatinine, which was not only affected by dialysis dose33 and 
residual renal function34, was also strongly related to lean body mass (LBM)35. Moreover, 
LBM has a strong association with muscle strength, and indirectly with exercise capacity36. 
A low exercise capacity and physical performance were associated with a reduced HRQOL37. 
Thus, one could hypothesize that a positive relation between changes HRQOL and nutritional 
parameters reflects an improved overall health status as well as an increased physical 
performance. Future studies are needed to address there relations in more detail.
In contrast to the strong association between changes in nutritional parameters and changes 
in HRQOL, the relation with changes in NLR as a parameter of inflammation was less strong 
in the cross-sectional analysis. Although conjectural, one explanation might be that changes 
in inflammatory status, above its background level, are more likely to be associated with 
acute events that have a less long-standing impact on HRQOL.
A novel observation is the relation between changes in serum sodium concentration and 
changes in PCS scores. Previous studies already showed that low sodium concentrations 
were related to increased mortality in chronic conditions like congestive heart failure3,38,39. 
Some of the speculative mechanisms behind the inverse relation between changes in serum 
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sodium levels are concomitant congestive heart failure, overhydration, inflammation or the 
sick cell syndrome, in which low sodium levels are associated with malnutrition40,41. 
As for outcome, changes in PCS scores were independent predictors for hospitalization and 
mortality after adjustment for clinical and demographic parameters. Even minor changes 
in the PCS scores showed to be associated with risk of hospitalization, where time to first 
hospitalization was prolonged with 1.4 percent when PCS scores are increased with only 1 
point in 12 months. Additionally, mortality risk seemed to be reduced by 2.3 percent when 
PCS scores increased only by 1 point in 12 months. Our findings indicate that a repeated 
assessment of HRQOL presents, next to its role as an indicator of the patients’ well-
being, important multidimensional information to the conventional focus on biochemical 
parameters or dialysis efficacy.
This study had several limitations. One of the drawbacks of the study was its retrospective 
design. Also, the study was conducted only in HD patients regardless of the underlying causes 
for ESRD. Also, there might be a selection bias of slightly ‘healthier’ patients who survived 
for at least 12 months and who consented to have repeated surveys done. Although both 
changes in HRQOL as well as changes in biochemical parameters over time were studied, no 
data regarding C-reactive protein were present, although recent evidence suggests that NLR 
can be used as a surrogate marker of inflammation42.

CONCLUSIONS
Our findings stressed the importance of changes in HRQOL, as well as the clinical assessment 
of HRQOL in dialysis patients. Changes in HRQOL, especially changes in PCS scores, are related 
to changes in nutritional parameters but are also an independent predictor of outcome. In 
addition to its role in reflecting the patients’ well-being, repeated assessment of HRQOL 
adds to a multidimensional view of the patient in a simple and noninvasive way. Future 
studies should address whether therapeutic interventions based on HRQOL measurements 
may lead to improved patient outcomes.
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GENERAL DISCUSSION 
This thesis focused on body composition (BC), physical activity (PA) and health-related 
quality of life (HRQOL) in stage 5 chronic kidney disease (CKD-5) non-dialysis and dialysis 
patients. Moreover, the transition period between the CKD-5 non-dialysis phase and the 
first six months of starting dialysis were studied. This in contrast with previous studies, 
which mainly studied the above mentioned parameters from three months after the 
start of dialysis, due to the fact that at that point in time the patient is believed to have 
achieved a stable clinical situation. However, the less well studied transition period from 
the CKD-5 non-dialysis phase to the initiation of dialysis is one of the most critical periods 
for end-stage renal disease (ESRD) patients1,2. On one hand, dialysis will partly reverse 
uremic symptomatology, on the other hand, the patient becomes dependent on medical 
technology in order to maintain life, with the help of a treatment that may have pronounced 
physiological and psychological effects.  Moreover, previous research showed that the first 
90-120 days after starting hemodialysis (HD) therapy is associated with increased risk of 
mortality3-5, and that approximately 35 percent of the mortality during the first year occurs  
in the first 90 days after the start of dialysis3. Therefore, it is important to get more insight in 
the time course of various clinically relevant parameters early after the start of HD, in order 
to provide a better understanding of the risk associated with the early transition period 
following initiation of dialysis treatment. CHAPTER 2 provides a general literature overview 
on phenotypic changes, with special attention for cardiovascular and nutritional parameters 
during the first year of dialysis treatment. 

The first topic of the thesis, discussed in CHAPTER 3, relates to the assessment of BC. Protein 
energy wasting (PEW), defined as “the state of decreased body stores of protein and energy 
fuels”, is very common in dialysis patients6. The diagnosis of PEW is based on criteria such 
as low body weight, low protein and energy levels, and loss of muscle mass6. As such, there 
is a need for an objective assessment of BC. Whereas various technologies are available to 
assess BC, such as computed tomography (CT), dual-energy x-ray absorptiometry (DEXA), 
and multi resonance imaging (MRI), none of these are practical to use in a busy clinical 
environment. Bioimpedance analysis, however, is operator independent and easy to use on 
a bedside setting, and has been used for nutritional assessment and for BC assessment in 
studies in dialysis patients7. Multi-frequency (MF) bioimpedance analysis is, in theory, able 
to distinguish between extracellular (ECW) and intracellular water (ICW), and estimates BC 
as a 2-compartment (2-C) model by calculating fat free mass (FFM) and fat mass (FM)8. 
Nevertheless, variations in a patient’s hydration state may have a strong influence on the 
prediction of FFM9,10. A more recent prediction model was validated by Chamney et al. 
in which also fluid overload (overhydration: OH) is estimated next to FFM and FM9. This 
3-compartment (3-C) model is used by the body composition monitor (BCM) and divides the 
body into the following compartments; and a separate component for OH.  In this model, 
ATM is assumed to consist of adipose tissue and adipose water, both hydrated and non-
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hydrated tissue, in contrast with the 2-C model, were FM consists only of adipose tissue 
(figure 8.1). 
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Figure 8.1 Distribution of body composition compartments11.

Thus, in the 3-C model the hydration component of ATM is considered, this in contrast with 
FM of the 2-C model, were this hydration component is not included. In the LTM compartment 
no excess ECW (OH) is included, in contrast with FFM of the 2-C model were OH is included 
in this component9. When comparing BC estimated by the 2-C and 3-C model significant 
differences between both models were observed, which could partly be explained by the 
presence of OH in our patient group, since measurements were performed before dialysis. 
Also the consideration of body mass index (BMI) in the estimation of body compartments 
might account for some remaining difference between the 2-C and 3-C models12. 
The differences between the 2-C and 3-C model stress out the need for population-based 
reference values for the 3-C model. Therefore, reference values from Wieskotten et al., 
which were specifically developed for the 3-C model, were used13. These values showed 
that a large percentage of our patient group had a lean tissue index (LTI) (LTM corrected for 
height) below age-matched reference values, despite the fact that BMI was in general not 
decreased in the studied population. In contrast, fat tissue index (FTI) (ATM corrected for 
height) was above reference values in a substantial percentage of patients, suggesting the 
presence of sarcopenic obesity14 in a significant percentage of this patient group.  In recent 
literature, the term sarcopenic obesity has been used to define the loss of LTM while FM 
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is preserved or even increased14.  In chapter 3, it was shown that FTI was above reference 
values in a substantial percentage of dialysis patients, as compared with reference ranges 
for age-matched healthy controls. 
The question is whether the increase in FM observed in prevalent dialysis patients is actually 
detrimental or protective.  A recent study of Marcelli et al. showed that a low LTI and FTI, 
and specifically a combination of both, was associated with poorer survival as compared 
with a LTI and FTI within reference ranges15.  Whereas this is not a proof for a protective 
effect of higher FM, the results clearly show that a reduced FM is associated with adverse 
outcomes.
Next to the assessment of BC, it is important to include functional tests in the assessment 
of dialysis patients, as these also provide important information for clinical decision making, 
and because of their relation to outcome16. Functional tests, such as hand-grip strength 
(HGS) and the four meter walking test, are commonly used tests which are respectively used 
in the assessment of sarcopenia17,18 (loss of skeletal muscle mass and strength14), physical 
performance, or frailty (syndrome characterized by multiple pathologies associated with 
aging, such as weight loss, fatigue, weakness, low activity, slow motor performance, and 
balance and gait abnormalities19). Since HGS was strongly associated with BC, assessed by 
bioimpedance (in both the 2-C and 3-C model), and significant associations were observed 
between HGS and results of the four meter walking test, it is clear that BC and physical 
function are related. Moreover, it should be emphasized that these simple, noninvasive and 
non-time consuming techniques may be of value in the early diagnosis of sarcopenia and/
or reduced physical performance in dialysis patients. This could facilitate interventions at an 
earlier point in time before the development of clinical symptoms.

CHAPTER 4 mainly focused on PA, BC and physical performance in CKD-5 patients, in 
relation to the stage of renal failure and the effects of starting dialysis. Previous studies 
showed associations between the sedentary lifestyle of dialysis patients and an increased 
risk of hospitalization and mortality20,21. Both PA and physical performance are low in dialysis 
patients leading to a sedentary lifestyle22,23. Other reports suggest that PA is already low in 
the CKD-5 non-dialysis phase, possibly due to the fatigue associated with advanced renal 
failure and the presence of comorbid disease, but possibly also to pre-existent lifestyle 
factors24. A study in elderly nursing home patients showed a sharp decline in functional 
status following the start of dialysis25.
The aim of this chapter was to compare PA and BC between CKD-5 non-dialysis patients, 
dialysis patients and healthy controls, and to assess the effects of the start of dialysis on 
PA and BC.   Moreover, the relation between PA and BC was assessed, which is of special 
relevance given the relation between both physical inactivity as well as low LTI with mortality 
in ESRD patients15,20,21. This chapter showed that PA, measured by the Sensewear device, 
which is a field test instead of the more commonly used self-reported questionnaires, was 
already lower in the CKD-5 non-dialysis phase as compared with healthy age-matched 
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controls, and not different from dialysis patients. With regard to BC, LTI was lower and FTI 
was higher in dialysis patients as compared with CKD-5 non-dialysis patients as well as with 
healthy controls. However, BC was not different between CKD-5 non-dialysis patients and 
healthy controls. To study the effect of starting dialysis, CKD-5 non-dialysis patients were 
followed into the first six months of dialysis therapy. The results of this chapter showed 
modest improvements for PA and physical performance. These findings are in some contrast 
with findings of Kurella Tamura et al. who described a ‘substantial and sustained decline in 
functional status’ 25. Nevertheless, the study population of Kurella Tamura et al. consisted 
mostly of frail elderly people in a nursing home environment instead of relatively young and 
possibly less frail patients as were included in our study. Moreover, physical performance 
and functional status are to some degree different constructs. In addition, no changes were 
observed in BC over the six month time period after the start of dialysis. However, a two year 
follow-up study of Marcelli et al. did found increases in FTI accompanied with decreases in 
LTI after the initiation of dialysis treatment26, suggesting a longer follow-up period is needed 
to get more insight on the effects of dialysis initiation on BC.
Regarding the associations between PA and BC, the main finding was that PA was inversely 
related to FTI, which is of relevance given the high prevalence of FTI levels above the 90th 
percentile in dialysis patients, as shown in chapter 2. Contrastingly, despite a tending 
(p=0.064), LTI was not significantly associated with parameters of PA. The relation between 
PA and BC may also be of relevance given the recent findings of Marcelli et al. , who showed 
that in the first two years of dialysis, FTI, assessed by bioimpedance, increased by 0.95 kg/m2 
whereas LTI decreased by 0.4 kg/m2 26. Whether physical inactivity is indeed the major driver 
for “sarcopenic obesity” in dialysis patients should be investigated in future longitudinal 
studies. Overall, the findings of this study underscore the importance for introducing PA 
programs, which should be introduced to patients in the CKD-5 non-dialysis phase already.    

Next to physical inactivity, there are various other factors that influence BC in dialysis 
patients. One under recognized factor may be seasonality. Biological rhythms play an 
important role in human physiology. Whereas by far the most emphasis in the literature is 
paid to circadian rhythms, also seasonal variations may be highly relevant. For example, it 
is known that dietary intake, PA, immune function, BC and even mortality follow seasonal 
rhythms in the general population27,28.  Usvyat et al. later showed seasonal variations in 
blood pressure, inter-dialytic weight gain (IDWG) and mortality in a large cohort of dialysis 
patients29. In CHAPTER 5 seasonal variations in BC in dialysis patients were studied. The 
results of this chapter showed significant seasonal variations in BC, with higher FM during 
winter and higher LTM during the summer period. Paradoxically, ECW and OH were actually 
highest during summer, which is in contrast to lower IDWG and pre-dialysis systolic blood 
pressure during this season. The determinants and clinical relevance of these variations 
should be addressed in future studies.



GENERAL DISCUSSION AND CONCLUSION 137

8

In CHAPTER 6, HRQOL was studied. Next to the previously discussed parameters such 
as PA and BC, which affect outcome, also low HRQOL is associated with increased risk of 
hospitalization and mortality in dialysis patients30-35. Previous studies showed that HRQOL 
is low in dialysis patients as compared with the general population30,36,37. Also in CKD-
5 non-dialysis patients a reduction in HRQOL is observed as compared with the general 
population38-40. However, it is not known if HRQOL is different between dialysis patients and 
CKD-5 non-dialysis patients. Due to the invasiveness of starting dialysis treatment HRQOL 
may decrease, whereas it might improve due to the partial resolution of uremic symptoms. 
Nevertheless, a comparative study between CKD-5 non-dialysis and dialysis patients, or 
a longitudinal study following the start of dialysis before dialysis initiation has not been 
performed yet.  
Firstly, HRQOL was compared between CKD-5 non-dialysis and dialysis patients and healthy 
controls. The results of this chapter showed that physical component summary (PCS), and 
mental component summary (MCS) scores, as measures for HRQOL, are already significantly 
lower in the CKD-5 non-dialysis phase as compared with healthy controls, but not different 
from dialysis patients. Secondly, when studying longitudinal changes from the CKD-5 non-
dialysis phase until six months after the start of dialysis, no significant changes in HRQOL 
over a six month period of time were found. The results of this chapter suggest that the 
start of dialysis had no major effects on HRQOL, at least not when assessed by the present 
methodology, and that reduced quality of life appears to be primarily related to the severe 
renal disease per se.
Since a large international cohort study observed a significant relation between PA and 
HRQOL in maintenance dialysis patients41 also the association between HRQOL and PA was 
studied. However, instead of self-reported PA, objective methods were used to assess PA. 
Results in this chapter showed an association between the physical domain of health (PCS) 
and PA, further underscoring the importance of PA programs in both CKD-5 non-dialysis and 
dialysis patients.
 
In CHAPTER 7, the prognostic value and potential determinants of HRQOL were further 
investigated. To interpret alterations in HRQOL it is important to identify potentially 
modifiable factors, such as nutritional parameters. Previous studies showed strong relations 
between nutritional biomarkers like albumin and creatinine and HRQOL42,43. However, also 
in this field of work most studies have cross-sectional study designs, or studied trends in 
HRQOL at different time periods with varying patient cohorts36,44. Only few studies followed 
HRQOL in HD patients over time in the same patients45,46. 
In this chapter, the dynamics of HRQOL over time, as well as determinants of changes in 
HRQOL were assessed in in a large US patient cohort. Firstly, a cross-sectional analysis in 
77.848 HD patients showed that  MCS scores seemed to be higher in older patients (>50 
years) as compared to younger patients (<50 years), which is possibly due to the fact that 
older patients might have different life expectations and/or a different acceptance of 
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the illness role in elderly as compared to younger patients.   In contrast, PCS scores were 
significantly higher in younger patients. Secondly, changes in HRQOL were assessed in 8.339 
of these HD patients over a one-year time period. MCS and PCS scores did not change 
significantly over this time period. However, when taking the clinically meaningful 2-point 
change in HRQOL scores in consideration, changes were observed in almost 80 percent 
of the patients, suggesting strong dynamics in HRQOL over time. Thirdly, the relation 
between changes in HRQOL and both hospitalization and mortality was assessed. These 
findings showed that changes in HRQOL, and especially changes in PCS scores, are related to 
changes in nutritional parameters, such as albumin and creatinine, but are also independent 
predictors of outcome. In conclusion, these outcomes showed that repeated assessment 
of HRQOL add a multidimensional view in reflecting the patient’ well-being in a simple and 
noninvasive way.  

CONCLUSIONS
Physical inactivity is evidently present before the start of dialysis. A recent study showed that 
lower PA is associated with microalbuminuria, even without a decline in kidney function47. 
These findings suggest that the influence of CKD on physical inactivity starts very early. In 
contrast with our expectations, the start of dialysis itself did only lead to modest changes in 
PA in this patient group, regardless of the partial reversal in the uremic state.
Whereas we did not observe changes in BC in the first six months after the start of dialysis, 
LTI was shown to be significantly lower, and FTI to be significantly higher in dialysis patients 
as compared with CKD-5 non-dialysis patients. Our findings, and those of Marcelli et al.,  
suggest that alterations in BC take place over a longer period of time after the start of 
dialysis, which might eventually lead to a phenomenon called ‘sarcopenic obesity’ in dialysis 
patients. It is likely that low PA is involved in this phenomenon, given the inverse association 
between PA and FTI. Nevertheless, it should be recognized that the longitudinal findings 
are based on data of an ongoing study. For this thesis only the first six months after the 
start of dialysis were included. Nonetheless, the transition period from CKD-5 non-dialysis 
phase into the first months after the start of dialysis is critical in terms of excess mortality, 
and given the fact that this period is characterized by critical pathophysiological and 
psychological consequences. Nevertheless, follow up over more prolonged periods of time, 
as is planned in follow up studies, is necessary to study the effects of starting dialysis in more 
detail. Regarding to clinical considerations, it should be emphasized that PA programs for 
CKD patients should be routinely implemented in patient care, as has also been advocated 
in previous studies48,49. This does not only hold true for the dialysis phase, but also in the 
earlier stages of CKD50. Nevertheless, such programs are expensive and not easy to realize for 
larger patient groups. Therefore, in the future, individual trainings possibilities for patients 
should be stimulated, such as cycle-ergometry during dialysis sessions, or exercise in the 
patients’ home-based situation, as has been shown to improve cardiopulmonary fitness and 
BC in other patient groups51. Nevertheless, there is yet limited experience in renal patients 
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with these home centered programs. Modern technology, such as activity trackers, could 
facilitate exercise programs for patients on a personal level to remind patients to move 
and stay active. So, despite the fact that the Sensewear armband uses input from multiple 
sensors, which increases the risk of measurement errors52, it recently has been shown that 
multidimensional PA feedback using graphics and visualizations may be very motivational, 
and support behavioral changes in patients with increased risk of chronic diseases53. 
Therefore, such interventions providing multidimensional feedback might be a very 
important future possibility to increase PA in CKD patients, and possibly lower the risk for 
physical disability, frailty and their associated complications. Moreover, such interventions 
also carry the potential for improving the low HRQOL in this patient group, adverse changes 
in BC and subsequently the risk for hospitalization and mortality. This stresses out the need 
for future (intervention) studies to investigate these options.   
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In deze thesis staan lichaamssamenstelling, fysieke activiteit en gezondheids-gerelateerde 
kwaliteit van leven bij predialyse patiënten met stadium 5 chronisch nierfalen (CKD-5) en 
dialyse patiënten centraal. Tevens werden de overgangsfase van predialyse naar dialyse 
en de eerste zes maanden na het starten van dialyse bestudeerd. Dit in tegenstelling tot 
eerdere studies, welke voornamelijk bovenstaande parameters bestudeerd hebben vanaf 
drie maanden na de start van dialyse, omdat gesuggereerd wordt dit het punt is vanaf waar 
patiënten klinisch stabiel zijn. Echter, de minder goed bestudeerde overgangsperiode van 
de predialyse fase naar de start van dialyse, is een van de meest kritieke periodes in het 
leven van een patiënt met eindstadium nierfalen (ESRD). Hoewel dialyse uremische klachten 
zal verminderen, zal de patiënt ook afhankelijk worden van medische technologie om in 
leven te blijven, wat zowel leidt tot psychische als fysiologische veranderingen. Eerdere 
studies hebben namelijk aangetoond dat in de eerste 90 tot 120 dagen na de start van 
hemodialyse (HD) een verhoogd risico tot overlijden bestaat, en dat ruwweg 35 procent 
van deze sterftegevallen in het eerste jaar na de start van dialyse al in de eerste 90 dagen 
plaatsvinden. 
Deze bevindingen geven duidelijk weer dat het belangrijk is om meer inzicht te krijgen 
in de veranderingen die het eerste jaar na de start van HD plaatsvinden met betrekking 
tot verschillende klinisch relevante parameters, om zo meer duidelijkheid te scheppen 
in het risico dat starten van HD met zich meebrengt. HOOFDSTUK 2 geeft een algemeen 
literatuuroverzicht met betrekking tot fenotypische veranderingen na de start van HD, 
vooral gericht op cardiovasculaire- en voedingsparameters in het eerste jaar na de start van 
HD. 

Het eerste onderwerp van deze thesis, welke besproken werd in HOOFDSTUK 3, heeft 
betrekking op het meten van lichaamssamenstelling. Protein energy wasting (PEW), 
welke gedefinieerd is als “een staat waarin lichaamsvoorraad van eiwitten en andere 
energiebronnen verminderd zijn”, komt vaak voor bij dialyse patiënten. Het stellen van de 
diagnose ‘PEW’ is gebaseerd op verschillende criteria, namelijk: een laag lichaamsgewicht, 
lage waarden van eiwitten en andere energiebronnen en verlies van spiermassa. Om dit vast 
te stellen is het belangrijk om een objectieve manier te hebben om lichaamssamenstelling 
te meten. Er zijn verscheidene technieken welke gebruikt worden om lichaamssamenstelling 
te meten zoals, computed tomography (CT), dual-energy x-ray absorptiometry (DEXA), and 
multi resonance imaging (MRI), echter zijn deze technieken niet toepasbaar in een drukke 
klinische omgeving. Bio-impedantie metingen daarentegen, zijn makkelijk bedienbaar en 
goed toepasbaar aan het bed van de patiënt. Daarnaast werd aangetoond dat deze methode 
gebruikt kan worden voor de analyse van voedingsstatus en lichaamssamenstelling bij 
dialyse patiënten. Multi-frequency bio-impedantie analyse kan, in theorie, een verschil 
maken tussen extracellulair en intracellulair water en schat lichaamssamenstelling aan de 
hand van het twee compartimenten (2-C) model door vetvrije massa (FFM) en vet massa 
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(FM) te berekenen. Echter, variatie in de hydratiestatus van een patiënt kan van grote invloed 
zijn op de berekening van FFM. Dit heeft er toe geleid dat Chamney et al. een nieuw model 
gevalideerd hebben waarbij naast FFM en FM ook overhydratie (OH) wordt berekend. Dit 
drie compartimenten (3-C) model wordt gebruikt door de body composition monitor (BCM) 
en verdeelt het lichaam in de volgende compartimenten: vetweefsel massa (ATM), lean 
tissue massa (LTM) en OH. In dit model wordt er vanuit gegaan dat ATM uit zowel vetweefsel 
massa en water bestaat, dit in tegenstelling tot het 2-C model, waar FM alleen uit vetweefsel 
bestaat (zie CHAPTER 8, figuur 8.1). Dus, in het 3-C model is er rekening gehouden met de 
hydratie component van ATM, welke niet meegenomen is in het 2-C model. Daarnaast is OH 
niet meegenomen in het LTM compartiment, welke in het 2-C model juist wel in het LTM 
compartiment zit. 
Wanneer lichaamssamenstelling volgens het 2-C en 3-C model met elkaar vergeleken worden 
zijn significante verschillen waar te nemen tussen beide modellen. Dit kan dus gedeeltelijk 
verklaard worden door OH in de gemeten patiëntengroep, gezien deze groep gemeten is 
voorafgaande aan de dialyse behandeling. Ook wordt er in het 3-C model gecorrigeerd voor 
body mass index (BMI) bij het schatten van de verschillende compartimenten, ook dit kan 
leiden tot verschillen tussen het 2-C en 3-C model. 
De verschillen tussen deze twee modellen hebben ertoe geleid dat Wieksotten et al. specifieke 
referentiewaarden ontwikkeld hebben voor het 3-C model. Deze referentiewaarden laten 
zien dat een hoog percentage van de gemeten patiëntengroep een lean tissue index (LTI) 
(LTM gecorrigeerd voor lengte) onder de normaalwaarden had vergeleken met een leeftijds-
gematchte gezonde studiepopulatie, ondanks dat de BMI gelijk was. De vet tissue index 
(FTI) (ATM gecorrigeerd voor lengte) daarentegen, bleek hoger te zijn in een groot deel 
van de patiëntengroep. Dit suggereert dat een substantieel deel van deze patiëntengroep 
te maken heeft met ‘sarcopene obesitas’. In recente literatuur wordt sarcopene obesitas 
gebruikt om het verlies van spiermassa met daarbij het behoud of zelfs de toename van FM 
aan te duiden. 
De vraag is echter of een toename in FM in prevalente dialyse patiënten juist een schadelijk 
of een beschermend effect heeft. Een studie van Marcelli et al. heeft aangetoond dat een 
lage LTI of FTI, en specifiek de combinatie van beide, sterk geassocieerd is met het risico 
op overlijden, vergeleken met een LTI en FTI binnen de referentiewaarden. Hoewel dit 
geen bewijs is voor een beschermend effect van een hogere FM, laat dit wel zien dat lage 
waarden van FM geassocieerd zijn met een slechtere prognose.
Ook is het belangrijk gebruik te maken van functionele testen bij het beoordelen van de 
gezondheid van dialyse patiënten. Deze testen kunnen helpen bij het klinisch redeneren 
rondom de patiënt, zeker gezien de relatie met mortaliteit en morbiditeit. Testen zoals 
handknijpkracht en de vier meter looptest, zijn gevalideerde en vaak gebruikte methoden 
die gebruikt worden bij het diagnosticeren van sarcopenie (verlies van spiermassa en 
spierkracht), physical performance en frailty (syndroom geassocieerd met veroudering 
met kenmerken als: gewichtsverlies, vermoeidheid, spierzwakte, verminderde fysieke 



NEDERLANDSE SAMENVATTING 149

activiteit, lage loopsnelheid en afwijkingen in balans en looppatroon). Gezien het feit 
dat handknijpkracht sterk geassocieerd is met lichaamssamenstelling (gemeten met bio-
impedantie (in zowel het 2-C als 3-C model)), en dat er ook significante associaties zijn 
gevonden tussen handknijpkracht en de vier meter looptest, geeft duidelijk weer dat 
er een relatie is tussen lichaamssamenstelling en physical functioning. Mede hierdoor 
moeten we benadrukken dat eenvoudige, tijdbesparende technieken, zoals het meten 
van handknijpkracht en de vier meter looptest, van grote waarde kunnen zijn bij het vroeg 
vaststellen van sarcopenie en een verminderde phyiscal performance bij dialyse patiënten, 
waardoor er dus op een eerder moment interventies kunnen worden toegepast voordat de 
eerste symptomen zich voordoen. 

In HOOFDSTUK 4 ligt de nadruk op fysieke activiteit, lichaamssamenstelling en physical 
performance bij patiënten met CKD-5. Hierin wordt de relatie tussen deze parameters en 
het stadium van nierfalen waarin patiënten zich bevinden bestudeerd, en wordt er gekeken 
naar het effect van de start van dialyse. Eerdere studies hebben associaties laten zien tussen 
een sedentaire levensstijl en een verhoogd risico op hospitalisatie en overlijden. Zowel 
fysieke activiteit als physical performance is vaak laag bij dialyse patiënten, hetgeen leidt tot 
een sedentaire levensstijl. Andere studies laten zien dat de fysieke activiteit vaak ook al laag 
is in de predialyse fase. Dit kan wellicht verklaard worden door toegenomen vermoeidheid 
bij een verslechterde nierfunctie en het bestaan van comorbiditeit in deze patiëntengroep, 
maar kan daarnaast ook verklaard worden door aangeleerde leefstijlfactoren. Daarbij laat 
een studie bij oudere patiënten in verzorgingstehuizen een sterke afname in functionele 
status zien na de start van dialyse.
Dit hoofdstuk had als doel om de fysieke activiteit en lichaamssamenstelling te vergelijken 
tussen predialyse patiënten, dialyse patiënten en een gezonde controlegroep, en het effect 
van start dialyse te bestuderen op fysieke activiteit en lichaamssamenstelling. Daarnaast 
werd ook de relatie tussen fysieke activiteit en lichaamssamenstelling bestudeerd, dit gezien 
de relatie tussen mortaliteit en zowel fysieke inactiviteit en LTI bij patiënten met ESRD. 
In dit hoofdstuk is fysieke activiteit gemeten met behulp van de sensewear armband. Het 
voordeel van dit apparaat is dat het een objectieve test is in plaats van de vaak gebruikte 
zelfmonitoring vragenlijsten. Hiermee werd aangetoond dat de fysieke activiteit al lager was 
in de predialyse fase in vergelijking met gezonde controles van dezelfde leeftijd, en dat er 
geen verschillen zijn met dialyse patiënten. 
Wat betreft lichaamssamenstelling; LTI was lager en FTI was hoger bij dialyse patiënten 
vergeleken met predialyse patiënten en gezonde controles. Echter, er was geen verschil in 
lichaamssamenstelling tussen predialyse patiënten en gezonde controles. 
Om het effect van start dialyse te bestuderen, werden predialyse patiënten bestudeerd in 
de eerste zes maanden na start dialyse. Na start dialyse werden bescheiden verbeteringen 
in fysieke activiteit en physical performance waargenomen. Deze bevindingen zijn enigszins 
contrasterend met bevindingen van Kurella Tamura et al., welke ‘substantiële en blijvende 



150 

vermindering in functionele status’ waarnam. Echter zou dit verklaard kunnen worden door 
verschillen in de studie populatie. Waar in de studie van Kurella Tamura et al. voornamelijk 
ouderen met tekenen van frailty geïncludeerd werden die in een verzorgingstehuis verbleven, 
bestond onze studie populatie uit jongere mogelijk minder ‘fraile’ patiënten. Daarnaast zijn 
physical performance en functionele status twee verschillende begrippen. 
Naast bovengenoemde bevindingen zijn er geen veranderingen in lichaamssamenstelling 
gevonden in de eerste zes maanden na start dialyse. Echter, een twee jaar follow-up studie 
van Marcelli et al. beschreef een toegenomen FTI met daarbij een afname in LTI na de start 
van dialyse, wat suggereert dat een langere follow-up periode nodig is om meer inzicht te 
krijgen in de effecten van start dialyse op veranderingen in lichaamssamenstelling.
Wat betreft de associatie tussen fysieke activiteit en lichaamssamenstelling; hogere mate van 
fysieke activiteit gaat gepaard met een lagere FTI. Dit is relevant gezien de hoge prevalentie 
van FTI waarden boven het 90e percentiel bij dialyse patiënten, zoals aangetoond in 
hoofdstuk 2. Echter, ondanks een neiging, werd LTI niet significant geassocieerd met fysieke 
activiteit. Deze relatie is ook relevant gezien recente bevindingen in een studie van Marcelli 
et al. aangetoond hebben dat FTI 0.95kg/m2 stijgt, en LTI 0.4kg/m2 daalt (gemeten middels 
bio-impedantie) in de eerste twee jaar na start dialyse. Of fysieke inactiviteit inderdaad 
een van de hoofdoorzaken is van ‘sarcopene obesitas’ bij dialyse patiënten moet blijken uit 
toekomstige longitudinale studies. Desalniettemin, laten de bevindingen van deze studie 
zien dat het implementeren van bewegingsprogramma’s voor CKD-patiënten al vroeg in het 
predialyse traject van groot belang kunnen zijn. 

Naast fysieke activiteit zijn er ook nog andere factoren die van invloed zijn op de 
lichaamssamenstelling van dialyse patiënten. Seizoensverandering is een factor waar relatief 
weinig aandacht naar uit gaat. Biologische ritmes spelen een belangrijke rol in de menselijke 
fysiologie. In de literatuur gaat verreweg de meeste aandacht uit naar het circadiaan ritme, 
terwijl seizoenen waarschijnlijk ook een zeer relevante rol spelen. Het is bijvoorbeeld 
duidelijk dat voedingsinname, fysieke activiteit, immuun functie, lichaamssamenstelling 
en zelfs mortaliteit een seizoensgebonden ritme volgen in de algemene bevolking. Usvyat 
et al. hebben aangetoond dat bij dialyse patiënten ook bloeddruk, inter-dialytische 
gewichtstoename en mortaliteit een seizoensgebonden patroon volgen. 
In HOOFDSTUK 5 werd seizoensgebonden variatie in lichaamssamenstelling bij 
dialyse patiënten bestudeerd. Resultaten in dit hoofdstuk hebben laten zien dat 
lichaamssamenstelling ook bij dialyse patiënten varieert per seizoen. Waarbij FM hoger is 
in de winter en LTM in de zomer. ECW en OH waren het hoogst in de zomer, wat echter niet 
te verklaren is door inter-dialytische gewichtstoename en predialyse systolische bloeddruk 
tijdens dit seizoen. Deze determinanten en de klinische relevantie hiervan moeten verder 
worden bestudeerd in toekomstige studies. 
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In HOOFDSTUK 6 werd de gezondheidsgerelateerde kwaliteit van leven (HRQOL) bestudeerd. 
Naast bovengenoemde parameters, zoals fysieke activiteit en lichaamssamenstelling, welke 
gerelateerd zijn aan morbiditeit en mortaliteit, is ook een lage HRQOL geassocieerd met 
een verhoogd risico op hospitalisatie en mortaliteit bij dialyse patiënten. Eerdere studies 
hebben laten zien dat HRQOL bij zowel predialyse als dialyse patiënten laag is vergeleken 
met de algemene bevolking. Het is echter niet bekend of er verschillen zijn in HRQOL tussen 
predialyse en dialyse patiënten. Gezien de ingrijpende effecten die het starten van dialyse 
met zich meebrengt is het voor de hand liggend dat HRQOL verder achteruit zal gaan, echter 
door het verminderen van uremische klachten zou HRQOL ook kunnen verbeteren. Toch 
zijn er geen studies die HRQOL vergelijken tussen predialyse en dialyse patiënten, en ook de 
effecten van het starten van dialyse op HRQOL zijn nog niet eerder bestudeerd. 
Daarom werd HRQOL in deze studie vergeleken tussen predialyse en dialyse patiënten 
en gezonde controles. Resultaten lieten zien dat physical component summary (PCS) en 
mental component summary (MCS) scores, als maat voor HRQOL, significant lager zijn bij 
predialyse patiënten vergeleken met gezonde controles, maar niet bij dialyse patiënten. De 
longitudinale analyse laat zien dat er over een periode van zes maanden na start dialyse 
geen significante veranderingen optreden in HRQOL. Dit suggereert dat de start van dialyse 
geen nadelig effect heeft op HRQOL, in ieder geval niet wanneer HRQOL gemeten wordt via 
de huidige methoden, maar dat een verminderde kwaliteit van leven primair gerelateerd 
kan worden aan de ernst van nierfalen zelf.
Gezien een grote internationale cohort studie een significante relatie heeft aangetoond 
tussen fysieke activiteit en HRQOL in chronische HD patiënten, is er ook in deze studie 
gekeken naar de associatie tussen HRQOL en fysieke activiteit. Het verschil met deze 
voorgaande studie is dat er in de huidige studie gebruik is gemaakt van een objectieve 
methode om fysieke activiteit te meten in plaats van zelf gerapporteerde fysieke activiteit 
door de patiënt. Resultaten wijzen uit dat er een associatie is tussen het fysieke domein van 
HRQOL (PCS) en fysieke activiteit. Dit benadrukt het belang van beweegprogramma’s voor 
zowel predialyse als dialyse patiënten. 

In HOOFDSTUK 7 werd de prognostische waarde en potentiële determinanten van HRQOL 
verder uitgediept. Om veranderingen in HRQOL beter te kunnen begrijpen is het belangrijk 
om factoren die beïnvloedbaar zijn, zoals voedingsparameters, te identificeren. Eerdere 
studies hebben sterke relaties laten zien tussen voedingsgerelateerde biomarkers, zoals 
albumine en kreatinine, en HRQOL. Echter zijn de meeste studies cross-sectioneel van 
aard, of zijn er wel op verschillende tijdstippen trends in HRQOL bestudeert, maar met 
verschillende cohorten. Er zijn maar enkele studies welke HRQOL over tijd opgevolgd 
hebben in dezelfde groep HD patiënten. 
In dit hoofdstuk is de verandering van HRQOL over tijd bestudeerd in een groot patiënten 
cohort met patiënten uit de Verenigde Staten. Daarnaast is er gekeken welke determinanten 
van invloed kunnen zijn op eventuele veranderingen in HRQOL. In een cross-sectionele 
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analyse van 77.848 HD patiënten werd duidelijk dat MCS scores hoger lijken te zijn bij 
oudere patiënten (>50 jaar) vergeleken met jongere patiënten (<50 jaar). Dit is mogelijk 
te verklaren doordat oudere patiënten beter om kunnen gaan met hun ziekte. Acceptie 
rondom ziekte en de daarbij horende levensverwachtingen zijn wellicht anders bij oudere 
patiënten vergeleken met jongere patiënten. PCS scores zijn, in tegenstelling tot MCS scores, 
hoger bij jongere patiënten in vergelijking met oudere patiënten.
Veranderingen gedurende één jaar in HRQOL zijn bestudeerd bij 8.339 HD patiënten uit 
bovengenoemd cohort. Er werden geen significante veranderingen opgemerkt in MCS 
en PCS scores. Wanneer er echter rekening werd gehouden met een klinisch relevante 
verandering van 2 punten op de HRQOL schaal, werden er in bijna 80 procent van de 
patiënten veranderingen opgemerkt. Dit suggereert sterke veranderingen in HRQOL over 
tijd. 
Als laatste werden ook relaties tussen veranderingen in HRQOL en hospitalisatie en 
mortaliteit bestudeerd. Resultaten laten zien dat veranderingen in HRQOL, en voornamelijk 
veranderingen in PCS scores, gerelateerd zijn aan veranderingen in voedingsparameters, zoals 
albumine en kreatinine. Opmerkelijk is daarbij dat HRQOL daarnaast ook een onafhankelijke 
voorspeller is van hospitalisatie en mortaliteit. Hieruit kunnen we concluderen dat het 
herhaaldelijk meten van HRQOL een belangrijke, maar vooral ook eenvoudige en niet-
invasieve manier is om het welzijn van de patiënten te beoordelen.

CONCLUSIE
Het is duidelijk dat er al sprake is van fysieke inactiviteit voor de start van dialyse. Een 
recente studie heeft laten zien dat fysieke activiteit geassocieerd is met microalbuminurie, 
zelfs wanneer er nog geen sprake is van achteruitgang van nierfunctie. Dit suggereert dat de 
invloed van CKD op fysieke inactiviteit al vroeg start. In tegenstelling tot onze verwachtingen, 
leidt de start van dialyse enkel tot een geringe toename van fysieke activiteit, ongeachte de 
afname van uremische klachten. 
Daar waar we geen veranderingen in lichaamssamenstelling zagen in de eerste zes maanden 
na de start van dialyse, was LTI significant lager en FTI significant hoger bij dialyse patiënten 
vergeleken met predialyse patiënten. Zowel onze bevindingen, als die van Marcelli et al., 
suggereren dat veranderingen in lichaamssamenstelling pas optreden na een langere periode 
na de start van dialyse. Dit zou uiteindelijk kunnen leiden tot het fenomeen ‘sarcopene 
obesitas’ bij dialyse patiënten. Het is waarschijnlijk dat een verminderende fysieke activiteit 
een rol speelt in dit fenomeen, gezien de associaties tussen fysieke activiteit en FTI. Echter, 
longitudinale studies naar deze bevindingen zijn nog altijd lopende. Voor deze thesis zijn 
alleen de eerste zes maanden na start dialyse geïncludeerd in de analyses. Echter, de 
overgangsperiode van predialyse naar de eerste zes maanden van de dialyse behandeling 
is kritiek met betrekking tot een verhoogd risico op mortaliteit. Ook wordt deze periode 
gekenmerkt door pathofysiologische en psychologische veranderingen. Dit maakt het 
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belangrijk om de start van dialyse te blijven opvolgen in de toekomst en om dit te doen voor 
langere periodes, zoals gepland in toekomstige follow-up studies. 
Wat betreft klinische aanbevelingen; het belang van beweegprogramma’s voor CKD 
patiënten zou meer benadrukt moeten worden. Deze zouden op een routinematige basis 
moeten worden geïmplementeerd in de huidige patiëntenzorg, zoals dit ook al lange tijd 
wordt aanbevolen in eerdere studies. Beweegprogramma’s zijn niet enkel van belang 
voor dialyse patiënten, ook in eerdere stadia van CKD zijn deze zeer belangrijk. Echter, 
zulke programma’s zijn duur en vaak lastig te realiseren bij grote groepen patiënten. 
Daarom zouden individuele trainingsmogelijkheden meer gestimuleerd moeten worden, 
zoals het gebruik van dialysefietsen tijdens een dialysesessie, of oefeningen doen in de 
thuisomgeving, gezien eerdere studies bij chronisch zieke patiënten uitgewezen hebben 
de cardiopulmonale fitheid en lichaamssamenstelling te verbeteren. Er is echter nog 
maar weinig informatie beschikbaar over zelfstandig trainen in de thuissituatie. Moderne 
technologie, zoals activiteiten trackers, zouden patiënten wellicht op persoonlijk niveau 
kunnen motiveren en stimuleren om actief te blijven. Ondanks het feit dat de Sensewear 
armband gebruikt maakt van meerdere sensoren om fysieke activiteit te monitoren, met 
het gevaar voor meetfouten, is recent aangetoond dat multidimensionale feedback in de 
vorm van grafieken en het visualiseren van de fysieke activiteit juist motiverend is voor 
patiënten met een verhoogd risico op chronische aandoeningen. Dit soort feedback kan 
dan ook een positief effect hebben op gedrag. Dit geeft het belang weer van interventies 
voor CKD patiënten met betrekking tot fysieke activiteit. Multidimensionale feedback bij 
fysieke activiteit zou mogelijk het risico op lichamelijke beperkingen, frailty en de hierbij 
horende complicaties kunnen verminderen. Bovendien zouden dit soort interventies HRQOL 
en lichaamssamenstelling kunnen verbeteren bij deze patiëntengroep, en daaropvolgend 
het risico op hospitalisatie en mortaliteit verlagen. Al deze bevindingen benadrukken de 
noodzaak om deze mogelijke interventies in toekomstige studies te onderzoeken. 
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VALORISATION ADDENDUM
Reports showed that at the end of 2013 approximately 3.200.000 patients were treated for 
ESRD worldwide. More or less than 2.522.000 of these patients were undergoing dialysis. 
Thereby it was suggested that these numbers will annually increase by 6 to 7 percent1. In 
2010 chronic kidney disease (CKD) was the 18th cause of total number of deaths worldwide, 
as compared with the 27th cause in 19902. These numbers clearly show the rapid increase 
of CKD worldwide. Additionally, not only the risk of mortality is high in ESRD patients, also 
the risk of comorbidity is very high in this patient group and has been shown to have a 
negatively associated with survival3,4. 
Costs for hemodialysis were $87.945 and peritoneal dialysis were $71.630 per patient per 
year respectively in 20115, and it is known that these cost per patient will rise every year. 
Therefore, dialysis treatment is a high economic burden. 

Next to high treatment costs, the burden of disease is high in dialysis patients. Numerous 
studies showed impaired health-related quality of life (HRQOL) scores in dialysis patients in 
both physical as well as mental health6-9, which are also directly related to physical activity 
(PA)10,11 and body composition (BC)12. In addition, results showed strong associations 
between regular exercise and better HRQOL scores and survival10, and higher muscle mass 
and better physical functioning and QOL12 in dialysis patients. Regardless of these findings, 
HRQOL is consistently shown to be lower in ESRD patients as compared with the general 
population6,8, showing the undesirable effects of ESRD in these patients. Thus, even though 
dialysis is a life-saving treatment, and despite continuous technical developments in dialysis 
therapy, the burden of kidney disease remains high. 

Both these economic and social effects of ESRD stress out the need for interventions 
that can slow down the progression of CKD and its complications. The current approach 
for treatment of CKD in the out-patient clinic is mainly based on delaying or halting the 
progression of renal dysfunction, as well as cardiovascular and metabolic complications. 
This treatment often consists of blood pressure control, lipid-lowering therapy, dietary 
advice on salt and protein intake, as well as phosphate control and vitamin D treatment13. 
Additionally, it is well known that exercise on a regular basis is beneficial in relation with 
outcome in CKD patients14-16. The guideline for diagnostics and treatment for CKD patients 
by the Dutch federation of nephrology recommend PA as an intervention goal for CKD 
patients with mild to moderate loss of kidney function, to reduce the risk of progression 
of kidney failure and/or cardiovascular complications17. Also the ‘K/DOQI Clinical Practice 
Guidelines for Cardiovascular Disease in Dialysis Patients’, state that PA should be 
encouraged by nephrologist and dialysis staff to increase PA levels. Next to that, PA and 
physical functioning should be evaluated every six months18. Nevertheless, in the current 
nephrology practice not much attention is addressed to self-management with regard to 
PA14, despite the recommendations. So, not implementing stimulation of PA into routine 
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patient care by nephrologists/dialysis staff, may contribute to low levels of PA and poor 
physical functioning14. Furthermore, low levels of PA and poor physical functioning are 
proven to affect HRQOL and survival14. All of this is already suggested since 1994, when 
the Life Options Rehabilitation Advisory Council (LORAC) promoted exercise in their renal 
rehabilitation report19. Still, PA programs are not overall implemented in the daily dialysis 
care, underscoring the need for awareness of this issue in the current renal care. 
The lack regarding the promotion of PA is not only a pitfall of the current CKD care. On the 
one hand, making patients aware, and stimulating them to exercise, is a major advantage 
for successful rehabilitation of ESRD patients. On the other hand, high costs for PA programs 
make it difficult to keep patients exercise with the help of professionals. Therefore, one of 
the important concerns is the support of health insurance to make such programs easier 
accessible for patients, since ESRD is already a burden for the patient’s economic status, due 
to loss of income and high costs of health care.        

Ongoing research already focuses on the long term outcomes of PA programs for dialysis- 
and transplantation patients and the cost-effectiveness of group rehabilitation. Still, not 
many interventional studies focus on the earlier stages of CKD. This gives us the opportunity 
to investigate the effects of PA on parameters such as HRQOL, in CKD patients who are not 
on dialysis yet. Next to that it would be of great importance to study if the start of dialysis 
can be delayed by slowing down the progression of CKD in the early stages by stimulating 
PA. 
New technologies, such as activity trackers could facilitate reminders to stay physically active, 
which may be the future for stimulating PA in patients with chronic diseases. As a recent 
study already showed, multidimensional PA feedback using graphics and visualizations may 
be very motivational, and support behavioral changes in patients with increased risk of 
chronic diseases20.
Knowing that every postponement of starting dialysis, but also the prevention of comorbid 
diseases is cost effective, and as this thesis showed, what the importance is of PA in ESRD 
patients, and in line with that its relations with HRQOL, above mentioned interventions 
may provide beneficial outcomes of PA in CKD patient care, and a decline in the economic 
burden of kidney disease on the long term. This makes it very important to support research 
concerning PA, BC and HRQOL in the early CKD stages, but also during the dialysis phase.   
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