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Stellingen 
 

 behorende bij het proefschrift  
“Mineral metabolism and clinical outcomes in dialysis patients”  

 
1. Controle en regulatie van de calcium-fosfaathuishouding is reeds tijdens de 

predialysefase van groot belang. (dit proefschrift) 
 
2. De huidige bovengrens voor fosfaatconcentraties aanbevolen door K/DOQI zou 

naar beneden bijgesteld moeten worden om overmatige sterfte te voorkomen.  
(dit proefschrift) 

 
3. Aangezien meer dan 65% van de dialysepatiënten last heeft van spier- en 

huidklachten, verdienen symptomen als uitkomstmaat van de dialysebehandeling 
meer aandacht in klinisch onderzoek. (dit proefschrift) 

 
4. Standaard thoraxfoto’s kunnen in de klinische praktijk gebruikt worden om 

patiënten met nierinsufficiëntie te screenen op vasculaire calcificaties. (dit proefschrift) 
  
5. Het ontstaan van aortacalcificaties kan het verband tussen een verstoorde calcium-

fosfaathuishouding en toegenomen sterfte slechts ten dele verklaren. (dit proefschrift) 
 
6. Bevordering van therapietrouw bij dialysepatiënten zou een prominentere plaats 

moeten krijgen in de behandeling van verstoringen in de calcium-
fosfaathuishouding. (dit proefschrift) 

 
7. De slogan “melk is goed voor elk” blijkt niet op te gaan voor patiënten met 

terminale nierinsuffiëntie. 
 
8. Hearts and kidneys: if one is diseased, better take a close eye on the other. 
 
9. England and America are two countries separated by a common language.  

(George Bernard Shaw) 
 
10. Anders dan het woord doet vermoeden is een epidemioloog niet een expert in het 

ontwikkelen van biologische wapens. (Miquel Bulnes in “Lab”) 
 
11. Soms maken omwegen het een stuk aangenamer je uiteindelijke doel te bereiken. 
 
 
Marlies Noordzij 
Amsterdam, 25 juni 2008 
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Introduction 

 

End-stage renal disease 

 

A kidney is a filtering system made up of about a million filtering units called nephrons. 

Healthy kidneys are essential for the maintenance of the constant extracellular environment 

that is required for adequate functioning of the cells. This is achieved by excretion of waste 

products of metabolism, such as urea, creatinine, and uric acid, and by specifically adjusting the 

urinary excretion of water and electrolytes to match net intake and endogenous production. In 

addition, the kidneys produce hormones that participate in the regulation of blood pressure, 

red blood cell production, and bone- and mineral metabolism.  

 

The most common causes of kidney failure are diabetic nephropathy, vascular disease and 

glomerulonephritis. In all of these cases, there is a progressive loss of nephrons. If the kidneys 

are damaged, they become less efficient at removing waste products. When the amount of 

functioning kidney tissue is greatly diminished chronic kidney disease (CKD) will develop. 

End-stage renal disease (ESRD) is reached as soon as the renal function drops below 10 to 15 

percent of the normal function. 

 

ESRD is worldwide an emerging health problem. In the Netherlands there has been a gradual 

rise in the prevalence of ESRD in the past decennia. The last 15 years the number of ESRD 

patients in the Netherlands has increased from 5731 in 1990 to 12038 in 2006.1  

 

Renal replacement therapy 

 

When ESRD occurs, it rapidly leads to death unless renal replacement therapy is started. There 

are two major types of renal replacement therapy: kidney transplantation and dialysis. Because 

there is a shortage of available donor kidneys the kidney transplant waiting lists are extensive, 

and transplantation is not possible in some patients. Most ESRD patients therefore need 

dialysis treatment to replace their kidney function. The most common type is haemodialysis 

(HD), in which waste products are removed from the blood by diffusion across a non-

biological membrane in an artificial kidney. HD is usually performed at a dialysis centre three 

times per week for three to four hours.2 The second type of dialysis is peritoneal dialysis (PD). 

In this modality waste products in the blood of peritoneal micro vessels diffuse into the 

peritoneal cavity which is filled with dialysis fluid. By withdrawing the dialysis fluid from the 

peritoneal cavity, waste products can be removed from the blood. Usually, between one and a 

half and three litres of fluid is run in and out four times a day.3  

 

At 1 January 2006, there were 5437 patients receiving dialysis treatment in the Netherlands, an 

equivalent of 333 per million inhabitants. Of these patients, 4132 (76%) were on HD and 1305 

(24%) on PD.1  

 

http://www.kidneypatientguide.org.uk/site/glossary.php#Nephrons
http://www.kidneypatientguide.org.uk/site/glossary.php#Hormone
http://www.kidneypatientguide.org.uk/site/glossary.php#Nephrons
http://en.wikipedia.org/wiki/End-stage_renal_failure
http://en.wikipedia.org/wiki/Renal_replacement_therapy
http://www.kidneypatientguide.org.uk/site/glossary.php#Dialysis_Fluid
http://www.kidneypatientguide.org.uk/site/glossary.php#Peritoneal_Cavity
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Mineral metabolism 

 

Together with the gastro-intestinal tract and bone tissue, the kidneys regulate the calcium and 

phosphorus homeostasis. The regulation of mineral metabolism in healthy individuals is 

summarised in Figure 1. Calcium and phosphorus are minerals that are of great importance for 

the composition of bones and the regulation of several processes in the body.4 When kidney 

function deteriorates, it significantly effects the regulation of calcium and phosphorus 

concentrations.  

 

Healthy kidneys convert inactive vitamin D into active vitamin D (calcitriol) by means of 1,25 

dihydroxycholecalciferol, which is produced by the kidney. If renal functioning is affected, the 

production of 1,25 dihydroxycholecalciferol reduces quickly. This reduced vitamin D 

production leads directly to hypocalcaemia because less calcium is absorbed from the intestine. 

In addition, the renal clearance of phosphorus decreases with a deteriorating kidney function 

and phosphorus concentrations increase. The phosphorus retention leads to hypocalcaemia as 

well, because phosphorus forms a complex with calcium, which is called calcium-phosphorus 

(Ca x P) product. Hypocalcaemia in its turn leads to an increased production of parathyroid 

hormone (PTH) by the parathyroid glands, which is called secondary hyperparathyroidism.4 

Disturbances in mineral and bone metabolism, i.e. hyperphosphataemia, hypocalcaemia, and 

hyperparathyroidism are all commonly observed in patients with CKD. 

 

 
Figure 1. Mineral metabolism in healthy individuals. 
 
Abbreviations: Ca, calcium; P, phosphorus; PTH, parathyroid hormone 
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Medication 

 

To correct and prevent hyperphosphataemia a phosphate restricted diet and different types of 

phosphate binding agents can be prescribed. The disadvantage of the very effective aluminium-

based phosphate binders is that accumulation of aluminium can lead to bone disease and 

encephalopathy. Calcium-based phosphate binders are also effective, but they increase the 

calcium intake substantially, which can lead to an undesirable hypercalcaemia. Finally, there is a 

rather new category of phosphate binders that are free of aluminium and calcium, consisting of 

sevelamer hydrochloride and lanthanum carbonate.5 Next to phosphate binders, vitamin D is 

often prescribed, which causes a suppression of PTH. A disadvantage of vitamin D is that it 

causes an increase of the plasma calcium and phosphorus concentration, which can lead to 

hypercalcaemia and more deposition of calcium-phosphorus.5  

 

Effects of disordered mineral metabolism 

 

Despite major advances in dialysis knowledge, mortality rates have not improved and are still 

substantially increased in dialysis patients. Annual mortality was 17% in 2005; while this was 

18% in 1990.1 Cardiovascular disease is the most common cause of death in ESRD patients. 

About 50% of patients die of cardiovascular causes, and the prevalence of cardiovascular 

disease is markedly higher in ESRD patients than in the general population.10 Traditional risk 

factors for cardiovascular disease such as older age, hypertension, and smoking can not 

completely explain the high prevalence. Amongst new risk factors like (chronic) inflammation 

and hyperhomocysteinaemia, disorders of mineral metabolism could play a role in this 

phenomenon.  

 

In 1998, Block et al. published the first study that showed that elevated phosphorus, Ca x P 

product and PTH levels are associated with increased mortality risk in HD patients.6 In the 

following years some other observational studies demonstrated associations between 

disordered mineral metabolism and (cardiovascular) morbidity and mortality.7,8 Based on these 

studies and on expert-opinion, the American Kidney Diseases Outcomes Quality Initiative 

(K/DOQI) of the National Kidney Foundation published their guideline for bone metabolism 

and disease in CKD in 2003.9 In this guideline K/DOQI recommends tight control of serum 

calcium, phosphorus, Ca x P product and intact PTH (iPTH) concentrations. 

 

Although the few observational studies that formed the basis for the K/DOQI guideline were 

well-performed and had large sample sizes, more studies were needed. This was underlined by 

the fact that all studies published before 2003 consisted of patients who were treated with HD 

and were insured via Medicare, a United States social health insurance program. The 

characteristics of this specific patient group are considerably different from those of dialysis 

patients in the Netherlands. There were, for example, no data available concerning PD patients 

while the proportion of PD patients in the Netherlands is substantial. Therefore, it was 
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uncertain whether the K/DOQI targets were appropriate for dialysis patients in the 

Netherlands as well. Moreover, only (cardiovascular) mortality and morbidity were considered 

as clinical outcomes while the influence of disordered mineral metabolism on other outcomes, 

such as quality of life, complaints and preservation of residual renal function, remained 

unknown. These remaining questions and the fact that disorders of mineral metabolism are 

potentially treatable risk factors were the starting point for the studies described in this thesis. 

 
NECOSAD 

 

The poor survival of dialysis patients was the reason in 1997 to start the Netherlands 

Cooperative Study on the Adequacy of Dialysis (NECOSAD), a multicentre prospective 

follow-up study among ESRD patients new on dialysis. The aims of NECOSAD were to 

monitor the quality and adequacy of dialysis treatment in the Netherlands, to provide evidence 

for the development and testing of guidelines, and to study the effect of cardiovascular risk 

factors. In NECOSAD patients were followed from the initiation of dialysis until 

transplantation or death. In a vast majority (80%) of dialysis units in the Netherlands all new 

ESRD patients were consecutively invited to participate in the study. In the years between 

1997 and 2007, about 2000 patients were included. From all patients, demographical, medical, 

biochemical, and quality of life data were collected at dialysis initiation, three and six months 

after the start of dialysis and thereafter every six months. NECOSAD stopped, after 10 years 

of follow-up, at 31 December 2007. Patient data from NECOSAD comprised the basis for the 

majority of the studies in this thesis, which focussed on mineral and bone metabolism in 

dialysis patients in the Netherlands. 

 

Aim 

 

The aim of the research reported in this thesis was to evaluate the K/DOQI guideline by 

assessing the effects of disordered mineral metabolism on important clinical outcomes in 

incident dialysis patients in the Netherlands. 

 

Outline 

 

In Chapter 2 the proportions of HD and PD patients from NECOSAD that achieve the 

targets as recommended by K/DOQI are described. Moreover, the associations between 

disordered mineral metabolism and all-cause mortality are reported. Because cardiovascular 

disease is the leading cause of death in patients suffering from ESRD, we focus in Chapter 3 

on cardiovascular morbidity and mortality in relation to mineral metabolism. In addition to 

morbidity and mortality, physical well-being is an important outcome measure of dialysis 

treatment. In Chapter 4 we therefore report an evaluation of the associations between plasma 

calcium, phosphorus, Ca x P product and iPTH concentrations, and physical complaints, i.e. 

muscle and skin problems that patients experienced during their treatment. The decline of 
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residual renal function during dialysis treatment and its relationship with mineral metabolism is 

subsequently presented in Chapter 5. In Chapter 6 we focus on mineral metabolism in pre-

dialysis patients. Plasma concentrations of patients from the Pre-dialysis Patients Records 

(PREPARE) study were evaluated and associations with mortality and with decline of residual 

renal functions are described.  

 

Because of the important differences between dialysis patients in the United States and those 

in the Netherlands, we examined the recommendations in the current K/DOQI guideline in 

more detail in Chapter 7. We determined the exact shape of the relationship between plasma 

concentrations and all-cause mortality risk. It has been hypothesised that the association of 

disordered mineral metabolism with (cardiovascular) mortality can be explained by the 

development of vascular calcification. In Chapter 8 we describe associations between 

parameters of mineral metabolism and (progression of) aortic calcification based on plain 

annual chest X-rays. We also studied associations between (progression of) aortic calcification 

and mortality and report the results in this chapter. The general discussion in Chapter 9 

elaborates on the observed results and discusses a number of methodological issues. In 

addition, we provide recommendations for clinical practice and offer directions for future 

research. 
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Background: In 2003, the National Kidney Foundation-Kidney Disease 

Outcomes Quality Initiative (K/DOQI) published a guideline recommending 

tight control of serum calcium, phosphorus, calcium-phosphorus (Ca x P) 

product and intact parathyroid hormone levels (iPTH) in patients with chronic 

kidney disease. Within the context of this guideline, we explored associations of 

these plasma concentrations with all-cause mortality risk in incident dialysis 

patients in The Netherlands.  

 

Methods: In a large, prospective, multicentre, cohort study (Netherlands 

Cooperative Study on the Adequacy of Dialysis) we included 1629 patients new 

on haemodialysis or peritoneal dialysis therapy between 1997 and 2004. 

Multivariate Cox regression models containing calcium level, phosphorus level, 

iPTH level, age, comorbidity, primary kidney disease, nutritional status, albumin 

level, dialysis dose, and haemoglobin level were used to examine mortality risks. 

 

Results: Mean (SD) age was 60 (15) years, 61% were men, and 64% were 

treated with haemodialysis. In adjusted time-dependent survival analysis, all-

cause mortality risk increased in haemodialysis patients by 40% [hazard ratio 

(HR): 1.4; 95% confidence interval (CI): 1.1 to 1.7] and in peritoneal dialysis 

patients by 60% (HR: 1.6; 95% CI: 1.1 to 2.4) for plasma phosphorus levels 

greater than the target. In addition, having elevated plasma Ca x P product 

levels increased mortality risk by 40% (HR: 1.4; 95% CI: 1.1 to 1.8) in 

haemodialysis patients and 50% in peritoneal dialysis patients (HR: 1.5; 95% CI: 

1.0 to 2.2). In both patient groups, no significant effects were observed for 

plasma levels less than the targets.  

 

Conclusion: In time-dependent survival analysis, the presence of plasma 

phosphorus and Ca x P product concentrations greater than K/DOQI-targets 

increased all-cause mortality risk in haemodialysis and peritoneal dialysis 

patients.  

A
b

st
ra

c
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Introduction 

 

In dialysis patients, morbidity and mortality are substantially higher than in the general 

population.1,2 There is increasing evidence suggesting that disorders of mineral metabolism, 

including abnormalities of plasma calcium, phosphorus, and intact parathyroid hormone 

(iPTH) concentrations, contribute to the development of vascular calcification and, possibly, 

cardiovascular disease in dialysis patients.3,4 It was shown in these patients that elevated 

phosphorus and calcium-phosphorus (Ca x P) product concentrations are associated with 

cardiovascular calcification, cardiac ischaemia, and an increased cardiovascular mortality rate.5-8  

 

In 1998, Block et al.6 found greater mortality risks for elevated phosphorus and Ca x P product 

concentrations in prevalent haemodialysis (HD) patients in the United States. A few years later, 

Ganesh et al.7 observed similar increased mortality risks. Using data from these and other 

findings, the National Kidney Foundation-Kidney Disease Outcome Quality Initiative 

(K/DOQI) published their guideline for bone metabolism and disease in chronic kidney 

disease (CKD) in 2003.9 Recommendations in this guideline are intended to assist 

nephrologists in developing an integrated approach to the diagnosis and management of 

mineral metabolism disorders. The guideline recommends measuring calcium, phosphorus, and 

iPTH on a regular basis, which is every month for calcium and phosphorus and every three 

months for iPTH. Serum concentrations of corrected calcium should be maintained between 

8.4 and 9.5 mg/dl (2.10 and 2.37 mmol/l), and serum concentrations of phosphorus, between 

3.5 and 5.5 mg/dl (1.13 and 1.78 mmol/l). Ca x P product concentrations should be 

maintained at less than 55 mg2/dl2 (<4.4 mmol2/l2). Finally, iPTH concentrations should be in 

the range of 150 to 300 pg/ml (ng/l). 

 

Evidence-based guidelines ideally should be based on meta-analysis or multiple randomised 

controlled trials. Because these studies currently are not available, the guideline is based on 

observational studies and expert opinion. Therefore, more studies are required to establish the 

clinical relevance of these targets.  

 

The aim of this longitudinal study is to evaluate achievement of the K/DOQI targets for 

calcium, phosphorus, Ca x P product, and iPTH levels and the effect of these targets on all-

cause mortality risk in incident HD and peritoneal dialysis (PD) patients in The Netherlands.  

 

Methods 

 

Patients 

 

The Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD) is a large, 

prospective, multicentre, cohort study in which patients with end-stage renal disease (ESRD) 

are followed up from the initiation of dialysis therapy until transplantation or death. All 



Chapter 2 

 

 18 

incident ESRD patients in 38 of the 50 dialysis units in The Netherlands were consecutively 

invited to participate in the study. Patients had to be 18 years or older, with dialysis as their 

first renal replacement therapy.  

 

For the current analysis we included HD and PD patients new on long-term dialysis treatment 

between 1997 and 2004. Because the greater part of the study period was before publication of 

the K/DOQI guideline, nephrologists probably did not aim for these targets. The resulting 

large variation enabled us to study the effects of K/DOQI targets on mortality. To be 

included, patients had to have measurements of plasma calcium, phosphorus, iPTH, and 

albumin available at three months after the start of dialysis (baseline). All patients gave 

informed consent before inclusion, and the study was approved by all local medical ethics 

committees. Patients were followed up until transplantation, mortality, or date of censoring (1 

January 2005). 

 

Data Collection 

 

Data for demographics, primary kidney disease, and comorbidity were collected zero to four 

weeks before the start of dialysis treatment. During follow-up, data for residual renal function, 

biochemistry, and dialysis characteristics were collected at fixed time points: three and six 

months after the start of dialysis therapy, followed by six-month intervals.  

 

Primary kidney disease was classified according to the codes of the European Renal 

Association-Dialysis and Transplantation Association. Patients were categorised according to 

Davies’ comorbidity index as having no, intermediate or severe comorbidity based on number 

of comorbid conditions.10 Nutritional status was scored on the seven-point scale of the 

Subjective Global Assessment (SGA), which is a standardised method based on the clinical 

judgment of the dialysis nurse.11 Patients with an SGA score of five or less were considered as 

malnourished.  

 

Residual renal function was expressed as residual glomerular filtration rate, calculated as the 

mean of creatinine and urea clearance adjusted for body surface area (in millilitres per minute 

per 1.73 m2). Dialysis dose, expressed as Kt/Vurea per week, was calculated as dialysis urea 

clearance, divided by urea distribution volume (V) according to Watson et al.12 For HD 

patients, dialysis urea clearance was calculated using a second-generation Daugirdas formula13 

and for PD patients, peritoneal Kt/Vurea was calculated by using 24-hour dialysate collection. 

Plasma calcium, phosphorus, iPTH, and albumin were measured by using standard laboratory 

techniques in the different centres. Calcium concentration (in milligram per decilitre) was 

corrected for albumin concentration (in grams per decilitre) by using the following formula:14  

 

Corrected calcium = calcium + 0.8 * (4 - albumin) 
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To calculate the Ca x P product in milligrams squared per decilitre squared, we multiplied 

corrected calcium concentration by phosphorus concentration, each in milligrams per decilitre. 

 

Statistical Analysis 

 

Standard descriptive statistics were used to examine differences between HD and PD patients. 

Student t-tests were applied for testing differences in continuous variables, and chi-square tests 

were used to compare distributions of dichotomous or categorical data.  

 

First, we examined plasma concentrations and achievement of the K/DOQI guideline at three 

months after the onset of dialysis treatment. In a survival analysis based on plasma 

concentrations at three months after dialysis therapy initiation, a Cox proportional hazards 

model was used to examine effects of plasma concentrations on patient survival. Plasma 

concentrations were classified into categories less than, at, or greater than the targets advised 

by K/DOQI, and analyses were stratified for treatment modality (HD or PD) based on the 

therapy reported three months after start of dialysis treatment. We calculated crude and 

adjusted hazard ratios (HRs) for all-cause mortality, the latter with adjustment for the possible 

confounding effects of age, Davies comorbidity score, primary kidney disease, SGA, albumin 

level, Kt/Vurea per week, and haemoglobin level. Supplementary adjustments for laboratory 

parameters related to mineral metabolism were made for phosphorus and iPTH in analyses on 

the effects of calcium. Similarly, we made additional adjustments for calcium and iPTH levels 

in analyses of phosphorus, for iPTH levels in analyses of Ca x P product, and for calcium and 

phosphorus levels in analyses of iPTH.  

 

To study mineral metabolism over time, we explored plasma concentrations and achievement 

of targets during follow-up. We performed a time-dependent survival analysis using the Cox 

proportional hazards model. This time-dependent analysis was based on plasma concentrations 

at all available times, and the most recently measured plasma concentrations were used to 

predict effects on mortality in the subsequent six-month period. Again, plasma concentrations 

were categorised according to K/DOQI targets, and analyses were stratified for treatment 

modality. The multivariate model contained age, comorbidity, primary kidney disease, and 

nutritional status as recorded at three months after the start of dialysis therapy and calcium, 

phosphorus, iPTH, albumin, Kt/Vurea per week, and haemoglobin as time-dependent variables. 

 

All statistical analyses were performed using SAS statistical software, version 9.1 (SAS Institute, 

Cary, NC). P less than 0.05 was considered statistically significant. 
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Results 

 

Description 

 

Of 1753 patients, 1629 patients met inclusion criteria. We excluded 124 patients because of 

missing plasma calcium, phosphorus, iPTH or albumin levels at baseline. Diabetes mellitus and 

glomerulonephritis were less common causes of primary kidney disease in the excluded 

patients, whereas more renal vascular disease was diagnosed compared with included patients. 

Other baseline characteristics of these patients did not differ from those of included patients. 

The proportion of patients who died during the study period was greater in excluded patients 

compared with included patients (48% versus 36%). 

 

Included patients had a mean age of 60 years, 61% were men, and 64% were treated with HD. 

Patient characteristics at three months after the start of dialysis treatment are listed in Table 1. 

Compared with PD patients, HD patients were significantly older, differed in causes of 

primary kidney disease, and had a lower residual glomerular filtration rate. Proportions of 

patients with a moderate or high comorbidity score and malnutrition were greater in HD 

compared with PD patients. 

 

Plasma Concentrations and Achievement of Targets 

 

Three months after the onset of dialysis treatment, HD patients had significantly greater 

plasma concentrations of phosphorus and Ca x P product than PD patients. Conversely, PD 

patients had greater plasma calcium concentrations. In Table 1, plasma concentrations of 

calcium, phosphorus, Ca x P product, and iPTH three months after dialysis therapy initiation 

are listed.  

 

At this first time point three months after the start of dialysis therapy, the majority of patients 

had plasma calcium concentrations greater than the range prescribed by K/DOQI. Forty 

percent of HD patients met the guideline for calcium levels, which was significantly greater 

than the proportion of PD patients with plasma calcium levels within the target range (29%; P 

<0.001). Conversely, the percentage of HD patients that reached the phosphorus target (39%) 

was less than that of PD patients (50%; P <0.001), and most patients had greater plasma levels 

than advised. The target for Ca x P product was met by 54% of HD and 58% of PD patients. 

Finally, more than half the patients had plasma iPTH concentrations less than the proposed 

target range, and 21% of HD and 22% of PD patients reached the iPTH target. For Ca x P 

product and iPTH, achievement of targets did not differ between HD and PD patients. 
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Table 1. Patient characteristics three months after the start of dialysis treatment 

 HD  

(n =1043) 

 PD  

(n =586) 

Age (years) 63 (14)  52 (15)* 

Gender (% males) 58  66* 

Primary Kidney Disease (%) 

     Diabetes Mellitus 

     Glomerulonephritis 

     Renal vascular disease 

 

16 

11 

21 

 * 

16 

20 

12 

Co-morbidity (%) 

     Low 

     Moderate 

     High 

 

39 

50 

11 

 * 

59 

34 

7 

rGFR (ml/min) 3.46 (2.86)  4.28 (3.13)* 

Dialysis Kt/Vurea (/week) 2.79 (0.85)  1.51 (0.41) 

Albumin (g/dl) 3.60 (0.52)  3.63 (0.54) 

Nutritional status (% malnourished) 33.3  18.1* 

BMI (kg/m2) 24.7 (4.3)  24.7 (3.8) 

Corrected calcium (mg/dl) 

     IQR calcium (mg/dl)a 

9.64 (1.02) 

[8.97 ; 10.14] 

 10.0 (0.98)* 

[9.36 ; 10.56] 

Phosphorus (mg/dl) 

     IQR phosphorus (mg/dl)a 

5.79 (1.78) 

[4.53 ; 6.79] 

 5.37 (1.51)* 

[4.25 ; 6.32] 

Ca x P product (mg2/dl2) 

     IQR Ca x P product (mg2/dl2)a  

55.6 (17.5) 

[43.1 ; 66.3] 

 53.7 (16.2)* 

[42.0 ; 63.6] 

iPTH (pg/ml) 

     IQR iPTH (pg/ml)a 

220 (287) 

[56 ; 279] 

 208 (244) 

[41 ; 269] 

Phosphate binders (% yes) 90  91 

N=1629. Mean values (SD) are presented for continuous variables. To convert serum albumin in g/dl to g/l, multiply 
by 10; plasma calcium in mg/dl to mmol/l, multiply by 0.2495; plasma phosphorus in mg/dl to mmol/l, multiply by 
0.3229; plasma iPTH in pg/ml to ng/l, multiply by 1. 
* P <0.05, HD versus PD patients.  
a IQR, Interquartile Range, lower (p25) and upper quartile (p75) of observations [p25 ; p75] 

 
 

When we combined targets, we found that at three months after the start of dialysis treatment, 

16% of HD and 15% of PD patients met both calcium and phosphorus targets (P =0.71). For 

the combination of phosphorus and Ca x P product targets, this was 36% for HD and 45% for 

PD patients (P <0.001). Only 4.7% of HD and 5.9% of PD patients achieved all four targets (P 

=0.26).  

 

Achievement of the K/DOQI guideline in HD and PD patients is listed per year of dialysis 

treatment in survivors through this year in Table 2. We observed that the percentage of HD 

patients with plasma calcium levels greater than the K/DOQI target increased from 53% at 

year one to 83% at year five. In PD patients, 69% of patients at year one had plasma calcium 

levels greater than the target, and this increased to 78% at year five. For plasma phosphorus, 

Ca x P product, and iPTH concentrations, the proportion of both HD and PD patients that 

met the targets remained stable during the first five years of treatment with dialysis.   
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Table 2. Percentages of achievement of K/DOQI-targets for calcium, phosphorus, Ca x P  

product and iPTH per year since start of dialysis treatment in HD and PD patients 

Percentages for each year represent the distribution among survivors through this year. K/DOQI guideline ranges:  
Serum calcium 8.4-9.5 mg/dl, serum phosphorus 3.5-5.5 mg/dl, Ca x P product <55 mg2/dl2, iPTH 150-300 pg/ml. 

 
 
Survival analyses 
 
Crude survival curves for HD and PD patients are shown in Figure 1. Maximal follow-up was 

seven and a half years (1997 to 2005). Median follow-up was 28 months (2.3 years) in the HD 

group and 29 months (2.4 years) in the PD group. Two-year survival rates were 74% in HD 

and 86% in PD patients.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
Figure 1. Crude overall survival curves for HD and PD patients during 7.5 years of follow up. 
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We performed survival analysis based on plasma levels three months after the start of dialysis 

therapy. Cox regression models were used to calculate crude and adjusted HRs for all-cause 

mortality risk in categories of patients who had plasma levels less than, at, or greater than the 

advised targets. In unadjusted analyses, we could not detect an effect of plasma concentrations 

beyond the K/DOQI ranges on all-cause mortality risk (data not shown). In the multivariate 

model containing calcium level, phosphorus level, iPTH level, age, comorbidity score, primary 

kidney disease, nutritional status, albumin level, dialysis dose, and haemoglobin level, only a 

significant increased mortality risk [HR: 1.7; 95% confidence interval (CI): 1.2 to 2.5] was 

observed for HD patients with plasma calcium concentrations less than the target. In PD 

patients we found a protective effect on all-cause mortality (HR: 0.7; 95% CI: 0.4 to 1.0) of 

plasma calcium concentrations greater than the K/DOQI target that was borderline significant 

(P =0.05). Adjusted HRs are listed in Table 3. 

 

Table 3. Adjusted* hazard ratios (95% CI) for all-cause mortality in HD and PD patients, 

based on plasma concentrations three months after the start of dialysis treatment in categories 

prescribed in the K/DOQI guideline 

 HD  PD 

 Adjusted HR P-value  Adjusted HR  P-value 

Calcium                    Less than target 1.7 (1.2-2.5) 0.004  0.6 (0.1 - 4.4) 0.58 

          At target  1.0   1.0  

       Greater than target 1.1 (0.9-1.4) 0.24  0.7 (0.4 -1.0) 0.05 

      

Phosphorus              Less than target 1.0 (0.6-1.4) 0.83  1.2 (0.6-2.1) 0.63 

          At target  1.0   1.0  

       Greater than target 1.0 (0.8-1.2) 0.63  1.2 (0.8-1.8) 0.36 

      

Ca x P product                    At target 1.0   1.0  

Greater than target 1.1 (0.9-1.4) 0.22  1.0 (0.7-1.5) 0.81 

      

iPTH                        Less than target 1.0 (0.7-1.3) 0.77  0.8 (0.5-1.4) 0.43 

          At target  1.0   1.0  

       Greater than target 0.9 (0.6-1.2) 0.37  1.0 (0.5-1.8) 0.95 

K/DOQI guideline ranges: serum calcium 8.4-9.5 mg/dl, serum phosphorus 3.5-5.5 mg/dl, Ca x P product <55  
mg2/dl2, iPTH 150-300 pg/ml. 
* Multivariate model contained: Calcium, phosphorus, iPTH, age, co-morbidity, primary kidney disease, nutritional  
status (SGA), albumin, haemoglobin, and dialysis Kt/Vurea per week. 

 
 
Analyses were repeated using time-dependent Cox regression models. Again, we did not 

observe an effect on all-cause mortality of plasma concentrations less or greater than the 

K/DOQI targets in crude analyses (data not shown). Applying adjustments for confounding 

factors yielded an elevated all-cause mortality risk of 1.4 (95% CI: 1.1 to 1.7) in HD patients 

who had  a phosphorus concentration greater than 5.5 mg/dl (1.78 mmol/l). In PD patients 

with plasma phosphorus levels greater than the target, all-cause mortality risk increased by 60% 

(HR: 1.6; 95% CI: 1.1 to 2.4). In addition, plasma Ca x P product levels greater than 55 
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mg2/dl2 yielded a significantly increased HR of 1.4 (95% CI: 1.1 to1.8) in HD patients, and in 

PD patients with elevated Ca x P product levels, we found a 50% increased mortality risk (HR: 

1.5; 95% CI: 1.0 to 2.2). Having a plasma phosphorus concentration less than the target or 

abnormal plasma calcium or iPTH levels did not influence patient survival. In Table 4, results 

of adjusted time-dependent analyses are listed. 

 

Table 4.  Time-dependent adjusted* Hazard Ratios (95% CI) for all-cause mortality in HD 

and PD patients, based on plasma concentrations in categories prescribed in the K/DOQI 

guideline 

 HD  PD 

Adjusted HR P-value  Adjusted HR P-value 

Calcium                       Less than target 1.3 (0.7-2.4) 0.40  1.4 (0.5-4.2) 0.52 

          At target  1.0   1.0  

       Greater than target 1.0 (0.8-1.4) 0.73  0.9 (0.6-1.4) 0.63 

      

Phosphorus                 Less than target 0.7 (0.5-1.1) 0.17  0.8 (0.4-1.7) 0.56 

          At target  1.0   1.0  

       Greater than target 1.4 (1.1-1.7) 0.009  1.6 (1.1-2.4) 0.02 

      

Ca x P product                       At target 1.0   1.0  

Greater than target 1.4 (1.1-1.8) 0.002  1.5 (1.0-2.2) 0.04 

      

iPTH                           Less than target 1.1 (0.8-1.5) 0.51  1.3 (0.8-2.2) 0.29 

          At target  1.0   1.0  

       Greater than target 1.0 (0.7-1.4) 0.99  1.5 (0.8-2.8) 0.16 

K/DOQI guideline ranges: serum calcium 8.4-9.5 mg/dl, serum phosphorus 3.5-5.5 mg/dl, Ca x P product <55  
mg2/dl2, iPTH 150-300 pg/ml. 
* Multivariate model contained: Calcium, phosphorus, iPTH, age, co-morbidity, primary kidney disease, nutritional  
status (SGA), albumin, haemoglobin, and dialysis Kt/Vurea per week.  

 

 

Because 19% of patients switched therapy during the study, we repeated the analyses using a 

time-dependent model in which we censored patients at the time they switched treatment 

modality. This additional analysis did not alter our findings. 

 
Discussion 

 

In the current study, in time-dependent multivariate survival analyses, we observed significantly 

increased all-cause mortality risks for HD and PD patients who had plasma concentrations 

greater than the phosphorus and Ca x P product targets proposed in the recently published 

K/DOQI guideline for bone metabolism and disease in patients with CKD.  

 

The proportion of patients who met the K/DOQI guideline was low. This was observed not 

only shortly after the onset of dialysis treatment, but also in the first five years after the start of 

dialysis therapy. Mean plasma calcium, phosphorus, and Ca x P product concentrations in HD 
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and PD patients appeared to be greater than those supported by the guideline. Conversely, on 

average, plasma iPTH concentrations were less than advised in the guideline. We cannot 

determine from our study whether the low achievement of K/DOQI goals was caused by 

infeasibility of the targets, or that target guidelines were not available before 2003.  

 

A limitation of this study might be that iPTH measurements were performed by using various 

first-generation immunometric iPTH assays, depending on the different participating centres. 

We are aware that these methods may yield different results.  

 

Various studies on the effect of serum calcium, phosphorus, Ca x P product, and iPTH levels 

on mortality risk in dialysis patients have been published.3-8 In 1998, Block et al.6 observed 

increased relative risks for death of 1.27 (P <0.001) for serum phosphorus levels greater than 

6.5 mg/dl (>2.1 mmol/l) and 1.34 (P <0.01) for serum Ca x P product levels greater than 72 

mg2/dl2 (>5.8 mmol2/l2) in 6407 prevalent HD patients from the US Renal Data System. 

Using the same data sources, Ganesh et al.7 (2001) studied a population of 12833 HD patients 

and found increases in all-cause mortality risks for elevated phosphorus, Ca x P product, and 

iPTH levels. However, in these analyses, higher thresholds were used than those formulated in 

the guidelines, whereas the present study focused on lower limits, as proposed by K/DOQI. 

Moreover, the sample size of our study was notably smaller than that of the American studies. 

These discrepancies could explain the different results that we found in survival analyses based 

on baseline values in HD patients in the current study.  

 

In the survival analysis based on plasma concentrations three months after the start of dialysis 

therapy, we found an increased mortality risk in HD patients for plasma calcium 

concentrations less than the target. We cannot explain this association. However, only a small 

proportion of HD patients (7%) had such low calcium concentrations. Moreover, this finding 

was not confirmed in the literature or in our time-dependent analysis. In our study, we 

observed that time-dependent survival analyses yielded stronger effects of elevated plasma 

concentrations on mortality risk than standard survival analyses. In time-dependent survival 

analyses, the most recently measured plasma concentrations were used to predict effects on 

mortality in the subsequent six-month period. These more recent values provide a better 

indication of future life expectancy than the plasma concentrations measured three months 

after the start of dialysis treatment that were used in the initial survival analyses. We were not 

able to compare our results with other studies because we could not identify prior publications 

of studies that used time-dependent techniques in either HD or PD patients.   

 

Approximately 90% of the HD and PD patients in this study were administered phosphate 

binders. Despite this, mean phosphorus concentrations were still too high. The mean 

phosphorus concentration in our HD patients of 5.8 mg/dl (1.87 mmol/l) is similar to that of 

5.7 mg/dl (1.84 mmol/l) observed in European dialysis centres participating in the Dialysis 

Outcomes and Practice Patterns Study.5 However, these phosphorus concentrations are 
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substantially less than the mean concentration of 6.2 mg/dl (2.00 mmol/l) found in the US 

Renal Data System study.6,7 The type of prescribed phosphate binders in our study is not 

known. Because non-calcium containing phosphate binders were not yet available during the 

greater part of the study period, we assume that the majority of the patients were administered 

calcium-based phosphate binders (calcium acetate or calcium carbonate). Therefore, the high 

plasma calcium concentrations that we observed could have been caused by the use of 

calcium-containing phosphate binders and prescription of vitamin D analogues. As a result of 

relatively high calcium levels, iPTH concentrations are suppressed. Moreover, vitamin D 

analogues can have a direct restraining effect on PTH-release.15,16 However, no data on the use 

of vitamin D analogues were available. It is unlikely that extirpation of the parathyroid glands 

had an influence on mean iPTH concentration because only 67 patients (4.1%) underwent 

subtotal or total parathyroidectomy during the study period.  

 

In conclusion, having plasma phosphorus or Ca x P product concentrations greater than the 

targets prescribed in the K/DOQI guideline for bone metabolism and disease in CKD 

increased all-cause mortality risk significantly and independently in HD and PD patients in The 

Netherlands.  
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 Background: The K/DOQI guideline for bone metabolism and disease in 

chronic kidney disease is predominantly based on studies in haemodialysis (HD) 

patients. However, in clinical practice, this guideline is also applied to peritoneal 

dialysis (PD) patients. To validate the implementation of this guideline in PD 

patients, we evaluated the associations between plasma concentrations outside 

the K/DOQI-targets and the risk of cardiovascular morbidity and mortality in 

incident PD patients compared with HD patients.  

 

Methods: In a large prospective multicentre study in the Netherlands (The 

Netherlands Cooperative Study on the Adequacy of Dialysis, NECOSAD) we 

included patients starting PD or HD between 1997 and 2004. Relative risks of 

cardiovascular morbidity and mortality were estimated using time-dependent 

Cox regression modelling.  

 

Results: We included 586 PD patients with mean age 52 ± 15 years (66% 

males) and 1043 HD patients with mean age 63 ± 14 years (58% males). 

Cardiovascular disease (CVD) was the reason for hospitalisation in 102 PD and 

271 HD patients. In HD patients, relative risk of CVD-related hospitalisation 

increased with elevated plasma calcium concentrations [hazard ratio: 1.4; 95% 

confidence interval (CI): 1.1 to 1.9]. Cardiovascular mortality was significantly 

higher for phosphorus concentrations above the K/DOQI-threshold in PD 

(2.4; 95% CI: 1.3 to 4.2) and HD patients (1.5; 95% CI: 1.1 to 2.1) and for 

elevated Ca x P product in PD (2.2; 95% CI: 1.3 to 3.8) and HD patients (1.5; 

95% CI: 1.1 to 2.1).  

 

Conclusions: Plasma calcium concentrations above the K/DOQI-threshold 

increase the relative risk of CVD-related hospitalisation in HD patients. 

Associations with cardiovascular mortality were more pronounced. Both in PD 

and HD patients with elevated plasma phosphorus and Ca x P product 

concentrations, the cardiovascular mortality risk is increased. Therefore, it 

seems appropriate to adopt the current guideline in PD patients. 
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 Introduction 

 

Disorders of mineral metabolism such as hypercalcaemia, hyperphosphataemia and secondary 

hyperparathyroidism are common among patients suffering from end-stage renal disease 

(ESRD). Several observational studies have demonstrated a strong association of abnormalities 

in mineral metabolism and all-cause mortality.1-5 In addition, growing evidence suggests that 

altered mineral metabolism contributes to the development of cardiovascular disease (CVD) 

and cardiovascular mortality.2-4,6  

 

Cardiovascular mortality is 10 to 20 times higher in dialysis patients than in the age- and sex-

matched general population.7,8 Because CVD causes about 50 percent of mortality in dialysis 

patients9 and has been proven to be related to disturbances in mineral metabolism, 

management of mineral metabolism has become an issue of major importance. In 2003, the 

Kidney Disease Outcomes Quality Initiative (K/DOQI) of the National Kidney Foundation 

introduced a guideline for bone metabolism and disease in chronic kidney disease (CKD) to 

assist nephrologists in developing an integrated approach to the diagnosis and management of 

mineral metabolism disorders.10 This guideline recommends tight control of serum calcium, 

phosphorus, calcium-phosphorus (Ca x P) product and intact parathyroid hormone (iPTH) 

concentrations. This guideline was predominantly based on studies in haemodialysis (HD) 

patients.  

 

Previous cross-sectional studies of prevalent HD patients found that elevated phosphorus, Ca 

x P product and iPTH levels increase cardiovascular mortality risk.1,3,4,6 In addition, Block et al.2 

observed recently that hyperphosphataemia and hyperparathyroidism were significantly 

associated with cardiovascular hospital admission rates in prevalent HD patients in the US. 

These studies so far examined only the effects of disordered mineral metabolism on the 

development of cardiovascular morbidity and mortality in HD patients. However, in clinical 

practice the K/DOQI guideline is applied to peritoneal dialysis (PD) patients as well, and 

evidence is needed to validate the implementation of the guideline in this group of patients. 

Since the associations between disordered mineral metabolism, according to the K/DOQI 

guideline, and cardiovascular morbidity and mortality have never been studied before in PD 

patients, the objective of our study was to evaluate these associations in incident PD patients in 

comparison with HD patients.  

 

Subjects and Methods 

 

Subjects 

 

In the Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD), a large 

prospective multicentre cohort study, ESRD patients are followed from the initiation of 

dialysis until transplantation or death. In 38 out of the 50 dialysis units in the Netherlands, all 
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new ESRD patients were consecutively invited to participate in the study. To be eligible for the 

study, patients had to be 18 years or older and dialysis had to be their first renal replacement 

therapy. The study was approved by all local medical ethics committees and all patients gave 

informed consent before inclusion. Patients were followed until transplantation, mortality, or 1 

January 2005.  

 

For this analysis, we selected patients who had started on chronic PD or HD treatment in the 

period between January 1997 and July 2004. Patients who had measurements of plasma 

calcium, phosphorus, iPTH and albumin concentrations available at three months after the 

start of dialysis (baseline) were included. Since most of our patients had started on dialysis 

treatment before the publication of the K/DOQI guidelines (2003), nephrologists probably 

were not aiming for these targets. The resulting large variation in plasma concentrations 

enabled us to study the effects of K/DOQI-targets on outcome.  

 

A total of 229 patients (14%) switched from treatment modality during the study. There were 

174 PD patients who switched to HD therapy and the median time until the first switch of 

therapy was 620 days for these patients. Besides, there were 55 HD patients who switched to 

PD treatment during the study and the median time until modality switch was 540 days in this 

group of patients. 

 

Data collection 

 

Data on demography, primary kidney disease and comorbidity were collected zero to four 

weeks before the initiation of dialysis treatment. During follow-up, data on residual renal 

function, biochemistry and dialysis characteristics were collected at fixed times, i.e. at three and 

six months after the start of dialysis and subsequently at six-month intervals.  

 

Reasons for hospital admission were classified as CVD in case of a diagnosis of myocardial 

infarction, cerebrovascular accident, coronary artery disease, cardiac failure, peripheral vascular 

disease, hypertension, or other cardiac disease. Primary kidney disease and causes of death 

were classified according to the codes of the European Renal Association-Dialysis and 

Transplantation Association (ERA-EDTA). Cardiovascular mortality was defined as any death 

attributed to myocardial ischaemia and infarction, cardiac failure, cardiac arrest (cause 

unknown), cerebrovascular accident, fluid overload, hyper- and hypokalaemia, haemorrhage 

from a ruptured aneurism or mesenteric infarction. Whenever the cause of death was uncertain 

or could not be determined, we classified it as cardiovascular because these patients in general 

died acutely. All other causes of death were classified as non-cardiovascular. 

 

Patients were classified as having no, intermediate or severe comorbidity based on the number 

of comorbid conditions according to Davies’ comorbidity index.11 The nutritional status was 

scored on the standardized seven-point scale of the Subjective Global Assessment (SGA) 
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which is based on the clinical judgment of the dialysis nurse. We defined malnourishment as an 

SGA score of five or lower. Residual renal function was expressed as residual glomerular 

filtration rate (rGFR), calculated as the mean of creatinine and urea clearance adjusted for body 

surface area (mL/min/1.73 m2). Dialysis dose, the Kt/Vurea per week, was calculated as dialysis 

urea clearance, divided by urea distribution volume (V) according to Watson et al.12 For HD 

patients dialysis urea clearance was calculated using a second-generation Daugirdas formula, 

and for PD patients Kt/Vurea was calculated from a 24-hour dialysate collection.13  

 

Laboratory variables were evaluated in reference to the targets advised in the K/DOQI 

guideline for bone metabolism and disease in CKD.  This guideline recommends serum 

concentrations of corrected calcium between 8.4 and 9.5 mg/dl (2.10 and 2.37 mmol/l) and 

serum phosphorus concentrations between 3.5 and 5.5 mg/dl (1.13 and 1.78 mmol/l). Ca x P 

product concentrations should be <55 mg2/dl2 (<4.4 mmol2/l2) and iPTH concentrations 

should range from 150 to 300 pg/ml (15.8 to 31.6 pmol/l). Plasma calcium, phosphorus and 

albumin were measured by standard laboratory techniques in the different centres. Plasma 

calcium concentrations (mg/dl) were corrected for albumin concentration (g/dl) using the 

formula recommended by K/DOQI and generally applied in clinical practice [corrected calcium = 

calcium + 0.8 * (4 - albumin)].10 The Ca x P product in mg2/dl2 was calculated by multiplying the 

corrected calcium concentration by the phosphorus concentration, both in mg/dl. 

Measurements of iPTH were performed by various first-generation immunometric iPTH-

assays depending on the different participating centres. 

 

Statistical analysis 

 

Patients were classified as HD or PD based on the treatment modality reported three months 

after the start of dialysis. To explore the differences between PD and HD patients we used 

standard descriptive statistics. We used a time-dependent Cox proportional hazards model for 

recurrent events to examine the relative risk of CVD-related hospital admission. To correct for 

the dependency between repetitive hospitalisations within the same patient, we added a frailty 

term to the statistical model.14 The underlying logic of frailty models is that some patients are 

intrinsically more or less prone to develop CVD. Hazard ratios (HRs) for cardiovascular and 

non-cardiovascular mortality were calculated using time-dependent Cox proportional hazards 

regression models. In all time-dependent analyses the most recently measured plasma 

concentrations were used to predict effects on outcome in the subsequent period of six 

months. The analyses were stratified for treatment modality (PD or HD) and plasma 

concentrations were categorised in categories below, on, or above the K/DOQI targets. 

Patients with plasma concentrations that were either too low or too high were compared with 

patients who met the target (reference category). Adjustments were made for a number of 

possible confounding effects selected from the available literature. These included age, Davies’ 

comorbidity score, primary kidney disease and SGA as recorded at baseline, and albumin level, 

Kt/Vurea and haemoglobin level as time-dependent variables. Supplementary adjustments for  
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Table 1. Patient characteristics three months after the start of dialysis treatment (n =1629) 

  PD  

(n =586) 

 HD 

(n =1043) 

Age (years)*  52 (15) 63 (14) 

Gender (% males)*  66  58 

Primary Kidney Disease (%)* 

     Diabetes mellitus 

     Glomerulonephritis 

     Renal vascular disease 

  

16 

20 

12 

  

16 

11 

21 

Comorbidity (%)* 

     Low 

     Moderate 

     High 

  

59 

34 

7 

  

39 

50 

11 

rGFR (ml/min)*  4.28 (3.13)  3.46 (2.86) 

Dialysis Kt/Vurea (/week)  1.51 (0.41)  2.79 (0.85) 

Albumin (g/dl)  3.63 (0.54)  3.60 (0.52) 

Nutritional status (% malnourished)*  18.1  33.3 

BMI (kg/m2)  24.7 (3.8)  24.7 (4.3) 

Corrected calcium (mg/dl)* 

     IQR calcium (mg/dl)a 

 10.0 (0.98) 

[9.36 ; 10.56] 

 9.64 (1.02) 

[8.97 ; 10.14] 

Phosphorus (mg/dl)* 

     IQR phosphorus (mg/dl)a 

 5.37 (1.51) 

[4.25 ; 6.32] 

 5.79 (1.78) 

[4.53 ; 6.79] 

Ca x P product (mg2/dl2)* 

     IQR Ca x P product (mg2/dl2)a  

 53.7 (16.2) 

[42.0 ; 63.6] 

 55.6 (17.5) 

[43.1 ; 66.3] 

iPTH (pg/ml) 

     IQR iPTH (pg/ml)a 

 208 (244) 

[41 ; 269] 

 220 (287) 

[56 ; 279] 

Phosphate binders (% yes)  91  90 

Mean values (SD) are presented for continuous variables. To convert plasma albumin in g/dl in g/l, multiply by 10; to 
convert calcium in mg/dl to mmol/l, multiply by 0.2495; to convert phosphorus in mg/dl to mmol/l, multiply by 
0.3229. 
* P <0.05, PD versus HD patients.  
a IQR, Interquartile Range, lower (p25) and upper quartile (p75) of observations [p25 ; p75]. 

 
 

laboratory parameters related to mineral metabolism were made for phosphorus and iPTH in 

analyses on the effects of calcium. We made similar additional adjustments for calcium and 

iPTH in analyses of phosphorus, for iPTH in analyses of Ca x P product, and for calcium and 

phosphorus in analyses of iPTH. All statistical analyses were performed using SAS statistical 

software version 9.1 (SAS Institute, Cary, NC), except for the frailty analysis, which was 

performed using the S-plus statistical software version 6.0. 

 

Results 

 

Description 

 

Of the 1753 eligible patients, 1629 met the inclusion criteria. We had to exclude 124 patients 

due to missing plasma calcium, phosphorus, iPTH, or albumin levels at baseline. Compared 

with the included patients, the excluded patients more often had renal vascular disease, while 
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diabetes mellitus and glomerulonephritis were less frequent causes of primary kidney disease. 

Other baseline characteristics of these patients did not differ from the included patients. The 

proportion of patients that died during the study period was higher among the excluded 

patients compared with the included patients (48% versus 36%, P =0.007). 

 

Characteristics of the 1629 included patients three months after the start of dialysis are 

summarised in Table 1. When compared with HD patients, PD patients were significantly 

younger, differed in the causes of primary kidney disease, had a higher rGFR, higher plasma 

calcium concentrations and lower phosphorus and Ca x P product concentrations. The 

proportion of HD patients with a moderate or high comorbidity score and with malnutrition 

were larger compared with PD patients.  
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Figure 1. Percentages achievement of the K/DOQI guideline for bone metabolism and 

disease in CKD, based on plasma concentrations at three months after start of dialysis 

treatment. 

 

 

Three months after the initiation of dialysis, the majority of patients had plasma calcium 

concentrations exceeding the target range advised by K/DOQI. In PD patients, 29% had 

plasma calcium levels within the target range for calcium, while 40% of the HD patients met 

the guideline for calcium (P <0.001). Conversely, 50% of the PD patients met the phosphorus-

target, whereas only 39% of the HD patients (P <0.001) had plasma phosphorus 

concentrations within the target range. In both patient groups, most of the remaining patients 
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had higher plasma phosphorus levels than advised. The Ca x P product target was reached by 

58% of the PD and 54% of the HD patients. More than half of the patients had plasma iPTH 

concentrations below the proposed target range, and 22% of the PD and 21% of the HD 

patients met the iPTH target. Percentages of patients with plasma concentrations below, on or 

above the targets are depicted in Figure 1. 

 

Hospital admissions 

 

The maximal follow-up time was 7.8 years (1997-2005). Median follow-up time was 29 months 

(2.4 years) in the PD group and 28 months (2.3 years) in the HD group. During the study 

period, 272 PD and 609 HD patients were hospitalised at least once. Hospital admissions 

related to the start of dialysis were not included in this count. In Table 2, the cardiovascular 

reasons for hospital admission in PD and HD patients are listed.  

 

Table 2. Reasons for CVD-related hospital admissions in PD and HD patients 

In total, 881 patients (54%) were hospitalised during the study period 

 

 

 

 

Cardiovascular diagnoses 

 PD (n =272)  HD (n =609) 

Na  Number of 

hospitalisations 

(%) 

 Na  Number of 

hospitalisations 

(%) 

 

102 

 

181 (100%) 

  

271 

  

558 (100%)    

Coronary artery disease  25  40 (22%)  81  174 (31%) 

Cardiac failure  9  12 (7%)  47  64 (11%) 

Peripheral vascular disease  20  34 (19%)  57  117 (21%) 

Myocardial infarction   16  21 (12%)  23  30 (5%) 

Cerebro vascular accident   12  19 (10%)  26  44 (8%) 

Hypertension  17  25 (14%)  14  27 (5%) 

Other  CVD  18  30 (17%)  61  102 (18%) 

         

a N indicates the number of patients that were hospitalised. The numbers of hospitalised patients add up to more than 
the total number, because patients could have more than one CVD-related hospitalisation during follow-up. The 
number of hospitalisations indicates the total number of hospital admissions for each diagnosis. Hospital admissions 
related to initiation of dialysis treatment were excluded. 
 

 

CVD was the reason for hospitalisation in 102 PD patients and in 271 HD patients. In total, 

69 PD patients were hospitalised just one time due to a cardiovascular reason, 23 patients had 

two CVD-related hospitalisations and 33 PD patients had three or more hospitalisations. In 

HD patients these numbers were 165, 69, and 37, respectively. The most frequent non-

cardiovascular causes of hospitalisation were shunt or catheter problems and infections. The 

median duration of the first CVD-related hospital admission was eight days in PD patients and 

seven days in HD patients.  
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The median time to first hospital admission with cardiovascular reason was 2.1 years in both 

the patient groups. In unadjusted analyses (data not shown), we found in PD patients with 

plasma calcium concentrations below the advised target an increased relative risk of CVD-

related hospitalisation [Hazard ratio (HR): 2.6, 95% confidence interval (CI): 1.1 to 6.4]. In HD 

patients we found a 40% increased relative risk of CVD-related hospitalisation (HR: 1.4; 95% 

CI: 1.1 to 1.8) for plasma calcium levels above the K/DOQI target range. Moreover, we 

observed in HD patients with suppressed plasma iPTH levels an increased HR of 1.3 (95% CI: 

1.0 to 1.8).   

 

Table 3. Time-dependent adjusteda hazard ratios (95% CI) for CVD-related hospital admis-

sions in PD and HD patients, based on plasma levels in categories of the K/DOQI guideline 

 PD patients  HD patients 

Adjusted HR  P-value  Adjusted HR  P-value 

        

Calcium                  Below target 4.3 (1.7-10.9)  <0.01  1.2 (0.6-2.3)  0.59 

 On target 1.0    1.0   

Above target 1.3 (0.8-2.1)  0.35  1.4 (1.1-1.9)  0.01 

        

Phosphorus             Below target 0.9 (0.4-1.8)  0.71  0.8 (0.5-1.2)  0.26 

 On target 1.0    1.0   

 Above target 1.2 (0.8-1.8)  0.41  1.0 (0.8-1.3)  0.92 

        

Ca x P product            On target 1.0    1.0   

                      Above target 1.4 (0.9-2.0)  0.12  1.2 (0.9-1.5)  0.21 

        

iPTH                       Below target 1.1 (0.7-1.7)  0.78  1.3 (1.0-1.8)  0.06 

                         On target 1.0    1.0   

  Above target 0.9 (0.5-1.6)  0.78  1.3 (0.9-1.9)  0.12 

K/DOQI guideline ranges: serum calcium 8.4-9.5 mg/dl, serum phosphorus 3.5-5.5 mg/dl, Ca x P product <55  
mg2/dl2, iPTH 150-300 pg/ml. 
 a Multivariate model contained: calcium, phosphorus, iPTH, age, comorbidity, primary kidney disease, nutritional  
status (SGA), albumin, Kt/Vurea per week, and haemoglobin.  

 

 

In the adjusted analyses (Table 3), we found a significantly increased risk of CVD-related 

hospitalisation of 4.3 (95% CI: 1.7 to 10.9) in PD patients with plasma calcium concentrations 

below the recommended target.  In HD patients with elevated plasma calcium levels, we 

observed a significantly increased HR of 1.4.  Plasma phosphorus, Ca x P product and iPTH 

concentrations below or above the K/DOQI targets did not alter cardiovascular morbidity 

risk.  

 

Mortality 

 

Two-year patient survival was 86% in PD and 74% in HD patients. In total, 146 PD and 444 

HD patients died during the study period. The proportion that died from CVD was higher in 
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PD patients (52%) than in HD patients (45%, P =0.07). Other common causes of mortality 

were infections, malignant disease and refusal of further treatment by the patient or ceasing of 

the dialysis treatment for any other reason. The causes of death are listed in Table 4.  

 

Table 4. Causes of death in PD and HD patients 

Cause of death  PD (n =146)  HD (n =444) 

 

Cardiovascular causes 

 

52% 

  

45%  

     Myocardial ischaemia and infarction   8%  10% 

     Hyperkalaemia   1%  1% 

     Cardiac failure   8%  7% 

     Cardiac arrest   12%  9% 

     Fluid overload   -  1% 

     Cerebro vascular accident   6%  5% 

     Haemorrhage from ruptured aneurysm   -  1% 

     Mesenteric infarction   1%  2% 

     Cause of death uncertain / not determined   16%  9% 

     

Non-cardiovascular causes     

     Infections a  13%  13% 

     Malignant disease b  10%  8% 

     Patient refused further treatment  9%  13% 

     Therapy ceased for any other reason  5%  10% 

     Other  11%  11% 

     

Total  100%  100% 

In total, 146 of 586 PD patients (25%) and 444 of 1043 HD patients (43%) died during the study period. 
a Infections: septicaemia, pulmonary infections, peritonitis, pancreatitis, and infections elsewhere.  
b Malignant disease: includes malignant disease possibly induced by immunosuppressive therapy. 

 
 

In the unadjusted analyses we observed only a significantly increased cardiovascular mortality 

risk (HR: 1.4; 95% CI: 1.0 to 1.9) in PD patients with elevated plasma calcium concentrations. 

No effects of plasma phosphorus, Ca x P product or iPTH concentrations outside the 

K/DOQI target ranges were found (data not shown).  After adjusting for predefined 

confounders, we observed a significantly increased cardiovascular mortality risk of 2.4 for 

phosphorus and of 2.2 for Ca x P product concentrations above the K/DOQI thresholds in 

PD patients. Similarly, cardiovascular mortality in HD patients was increased for elevated 

plasma phosphorus (HR: 1.5) and for plasma Ca x P product (HR: 1.5) concentrations. We did 

not observe any effect on cardiovascular mortality of plasma calcium or iPTH concentrations 

beyond the K/DOQI targets. HRs for cardiovascular mortality are shown in Tables 5 and 6. 

In addition, we analysed the relative risk of non-cardiovascular mortality (Tables 5 and 6). We 

found that HD patients with plasma Ca x P product concentrations above the target had a 

40% increased non-cardiovascular mortality risk. We did not find an effect on association of 

non-cardiovascular mortality with plasma concentrations below or above the prescribed targets 

in PD patients.  
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Table 5. Time-dependent adjusteda hazard ratios (95% CI) for cardiovascular and non-

cardiovascular mortality in PD patients.  

 Cardiovascular mortality  Non-cardiovascular mortality 

Adjusted HR  P-value  Adjusted HR  P-value 

        

Calcium                  Below target 2.8 (0.8-10.1)  0.13  0.6 (0.1-4.8)  0.63 

 On target 1.0    1.0   

 Above target 1.0 (0.5-2.0)  0.98  0.8 (0.4-1.5)  0.47 

        

Phosphorus            Below target 1.1 (0.4-3.4)  0.84  0.6 (0.2-1.7)  0.33 

 On target 1.0    1.0   

 Above target 2.4 (1.3-4.2)  <0.01  1.1 (0.6-2.0)  0.77 

        

Ca x P product           On target 1.0    1.0   

                     Above target 2.2 (1.3-3.8)  <0.01  1.0 (0.6-1.8)  0.97 

        

iPTH                      Below target 1.2 (0.6-2.4)  0.65  1.5 (0.7-3.4)  0.29 

On target 1.0    1.0   

Above target 1.3 (0.6-2.9)  0.52  1.9 (0.8-4.6)  0.16 

K/DOQI guideline ranges: serum calcium 8.4-9.5 mg/dl, serum phosphorus 3.5-5.5 mg/dl, Ca x P product <55  
mg2/dl2, iPTH 150-300 pg/ml. 
a Multivariate model contained: calcium, phosphorus, iPTH, age, comorbidity, primary kidney disease, nutritional  
status (SGA), albumin, Kt/Vurea per week, and haemoglobin.  

 

 

Table 6. Time-dependent adjusteda hazard ratios (95% CI) for cardiovascular and non-

cardiovascular mortality in HD patients.  

 Cardiovascular mortality  Non-cardiovascular mortality 

Adjusted HR  P-value  Adjusted HR  P-value 

        

Calcium                  Below target 1.5 (0.7-3.4)  0.32  1.1 (0.4-2.7)  0.87 

 On target 1.0    1.0   

Above target 1.0 (0.7-1.5)  0.94  1.1 (0.8-1.5)  0.69 

        

Phosphorus            Below target 0.7 (0.3-1.4)  0.27  0.8 (0.4-1.3)  0.34 

On target 1.0    1.0   

Above target 1.5 (1.1-2.1)  0.02  1.3 (0.9-1.7)  0.13 

        

Ca x P product           On target 1.0    1.0   

                     Above target 1.5 (1.1-2.1)  0.02  1.4 (1.0-1.9)  0.03 

        

iPTH                      Below target 0.9 (0.6-1.3)  0.50  1.4 (0.9-2.1)  0.13 

 On target 1.0    1.0   

 Above target 0.8 (0.5-1.3)  0.35  1.2 (0.8-2.1)  0.40 

K/DOQI guideline ranges: serum calcium 8.4-9.5 mg/dl, serum phosphorus 3.5-5.5 mg/dl, Ca x P product <55  
mg2/dl2, iPTH 150-300 pg/ml. 
a Multivariate model contained: calcium, phosphorus, iPTH, age, comorbidity, primary kidney disease, nutritional  
status (SGA), albumin, Kt/Vurea per week, and haemoglobin.  
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In addition, we examined whether receiving phosphate binders was protective or not against 

cardiovascular mortality by adding the use of phosphate binders as a variable to our time-

dependent model. This analysis did not alter the conclusions from the initial model. 

 

As 19% of the patients switched from treatment modality during the study period, we also 

performed an analysis in which we censored the observation time of patients at the moment 

that they switched dialysis modality. This additional analysis did not affect our results in any 

way. 

 

Discussion 

 

In the current study, we showed that disordered mineral metabolism has a limited effect on the 

risk of hospital admission with a cardiovascular reason. Only in HD patients with plasma 

calcium concentrations above the K/DOQI target did we observe an increased relative risk of 

CVD-related hospitalisation. Associations with cardiovascular mortality were more 

pronounced; plasma phosphorus and Ca x P product concentrations above the K/DOQI 

thresholds significantly increase cardiovascular mortality in both PD and HD patients. No 

significant association of abnormal plasma iPTH concentration with cardiovascular morbidity 

or mortality was found. These findings indicate that associations of plasma concentrations 

outside the target ranges advised in the K/DOQI guideline with cardiovascular mortality are 

similar in both patient groups.  

 

Our study has some limitations. First, when the cause of death was uncertain or not 

determined, we classified it as cardiac arrest and thus as cardiovascular mortality because in 

these cases the patients died acutely. As a consequence, the proportion of cardiovascular 

causes of death may be slightly overestimated. However, this proportion is in concordance 

with the international literature9, and when we performed an analysis in which an uncertain or 

undetermined cause of death was classified as non-cardiovascular, this had only a minor 

influence on our results. We may have underestimated the proportion of CVD-related hospital 

admissions, since we focused on primary diagnoses of hospitalisations and secondary 

diagnoses or events during hospitalisation were not taken into account. Finally, data on the 

type of prescribed phosphate binders and the use of vitamin D analogues were not available. 

About 90% of both PD and HD patients used phosphate binders at baseline. Over time, this 

proportion remained stable in the PD group and increased to a maximum of 97% in the fourth 

year after start of dialysis in the HD group. The proportion of HD patients that used 

phosphate binders was over time somewhat higher than the proportion of PD patients, 

although this difference was only significant in the second year after start of dialysis. During 

the greater part of the study period non-calcium containing phosphate binders were not yet 

available in The Netherlands during the greater part of the study period and we assume that 

the majority of patients was treated with calcium acetate or calcium carbonate. In addition, 

some patients, especially those with severe hyperphosphataemia, might have been treated with 
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aluminium-containing phosphate binders. The elevated plasma calcium concentrations that we 

observed could have been caused by the use of calcium-based phosphate binders and vitamin 

D analogues. As a result of the relatively high calcium levels, iPTH concentrations were 

probably suppressed and, in addition, PTH-release could be directly restrained by vitamin D 

analogues.15,16 On the other hand, HD patients receiving some form of injectable active 

vitamin D have recently been shown to be at survival advantage compared with patients who 

did not, and this survival benefit was present at all levels of serum calcium, phosphorus, or 

PTH.17 

 

A recent study has indicated that therapeutic interventions associated with excessive lowering 

of parathyroid activity like parathyroidectomy or a high calcium load favour low bone turnover 

and adynamic bone disease which could influence the development and progression of arterial 

calcifications.18 We did not observe a relationship between iPTH and cardiovascular morbidity 

or mortality. Furthermore, only 67 patients (4.1%) underwent subtotal or total 

parathyroidectomy during the study period.  

 

In a recent analysis of the United States Renal Data System (USRDS) cohort, Block et al.2 

observed that hyperphosphataemia and hyperparathyroidism were significantly associated with 

cardiovascular hospitalisations in prevalent HD patients. However, in our study we found that 

in incident HD patients, CVD-related hospital admissions were associated with elevated 

calcium concentrations and we could not detect any significant effects of elevated plasma 

phosphorus, Ca x P product or iPTH levels. These discrepancies could be due to differences in 

methodology. The cross-sectional study in prevalent patients of Block et al. used higher 

thresholds whereas the present study focused on target limits as recommended by K/DOQI 

and the sample size of this American study was substantially larger than of our study.2 So far, 

no one has studied these effects in PD patients. 

 

In PD patients we also observed a significant association of cardiovascular morbidity with 

plasma calcium concentrations below 8.4 mg/dl (2.10 mmol/l, HR: 4.3). We cannot explain 

this finding, but it should be kept in mind that only 48 out of 586 PD patients (8%) had at least 

once during follow-up, a plasma calcium concentration below the K/DOQI target range. A 

total of six CVD-related hospitalisations in four of these patients accounted for the observed 

association, which indicates that this association might be based on coincidence.  

 

Several studies have been performed to determine the association between mineral metabolism 

and cardiovascular mortality.2-4,6 In a cohort of 17236 HD patients participating in the Dialysis 

Outcomes and Practice Patterns Study (DOPPS), Young et al.4 found increased relative risks of 

cardiovascular death in HD patients with elevated serum concentrations of phosphorus, Ca x P 

product and PTH. Similarly, Ganesh et al.3 observed an increase of 41% of cardiovascular 

mortality risk in prevalent HD patients from the USRDS study who had serum phosphorus 

levels above 6.5 mg/dl (2.1 mmol/l) compared with patients with serum levels between 2.4 
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and 6.5 mg/dl (0.8-2.1 mmol/l). The mortality risks that we observed in HD patients were 

similar to the findings in those previous studies. We are not aware of any previous studies in 

PD patients. 

 

Associations of abnormal phosphorus and Ca x P product concentrations with cardiovascular 

mortality were similar to those with non-cardiovascular mortality in HD patients. In PD 

patients, however, no associations with non-cardiovascular mortality could be detected. These 

results indicate that the association between disturbed mineral metabolism and cardiovascular 

mortality risk is similar for both treatment modalities, while the risk of non-cardiovascular 

mortality was only related to abnormalities in mineral metabolism in HD patients.  

 

Several mechanisms may be involved in the increased cardiovascular morbidity and mortality 

associated with disordered mineral metabolism. Vascular and tissue calcification is increasingly 

recognised as a frequent complication in ESRD.18 Moreover, cardiac valve calcification is a 

strong predictor for all-cause and cardiovascular mortality in long-term dialysis patients.19 

Growing evidence indicates that uraemic vascular calcification is an active and regulated cell-

mediated process similar to osteogenesis in bone, rather than a passive precipitation of calcium 

and phosphorus. In this process, vascular smooth muscle cells (VSMCs) transform into 

osteoblast-like cells which are capable of calcification in vitro.20 Several stimuli such as oxidised 

low-density lipoprotein, high concentrations of PTH and vitamin D derivates have been 

shown to induce the transformation of VSMCs. In addition, increasing evidence implies that 

elevated plasma phosphorus and Ca x P product concentrations could be important stimuli for 

excess vascular calcification in uraemic patients21, which is confirmed by the findings of our 

current study. A lack of protective factors, such as the calcification-inhibiting glycoprotein 

fetuin-A (α2-Heremans-Schmid glycoprotein), may also contribute to the pathogenesis of 

uraemic vascular calcifications.22,23  

 

In conclusion, associations of disturbances in mineral metabolism with cardiovascular 

mortality are more pronounced than effects on associations with CVD-related hospitalisations. 

Only in HD patients with plasma calcium concentrations above the K/DOQI threshold is the 

relative risk of CVD-related hospital admission increased. Cardiovascular mortality risk is 

increased in PD and in HD patients with elevated plasma phosphorus and Ca x P product 

concentrations. Therefore, it seems appropriate to adopt the current guideline for PD patients. 

 

Acknowledgements 

 

The authors wish to thank the NECOSAD trial nurses and data managers for data collection 

and management. 

 

 



Cardiovascular morbidity and mortality 

 43 

References 

 

1.   Block GA, Hulbert-Shearon TE, Levin NW, Port FK: Association of serum phosphorus and calcium x 

phosphate product with mortality risk in chronic haemodialysis patients: a national study. Am J Kidney Dis 

1998; 31: 607-617 

2.   Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, Chertow GM: Mineral metabolism, mortality, 

and morbidity in maintenance haemodialysis. J Am Soc Nephrol 2004; 15: 2208-2218 

3.   Ganesh SK, Stack AG, Levin NW, Hulbert-Shearon T, Port FK: Association of elevated serum PO(4), Ca x 

PO(4) product, and parathyroid hormone with cardiac mortality risk in chronic haemodialysis patients. J Am 

Soc Nephrol 2001; 12: 2131-2138 

4.  Young EW, Albert JM, Satayathum S, Goodkin DA, Pisoni RL, Akiba T, Akizawa T, Kurokawa K, Bommer 

J, Piera,L, Port FK: Predictors and consequences of altered mineral metabolism: the Dialysis Outcomes and 

Practice Patterns Study. Kidney Int 2005; 67: 1179-1187 

5.   Noordzij M, Korevaar JC, Boeschoten EW, Dekker FW, Bos WJ, Krediet RT: The K/DOQI guideline for 

bone metabolism and disease in CKD: association with mortality in dialysis patients. Am J Kidney Dis 2005; 

46: 925-932 

6.   Marco MP, Craver L, Betriu A, Belart M, Fibla J, Fernandez E: Higher impact of mineral metabolism on 

cardiovascular mortality in a European haemodialysis population. Kidney Int Suppl 2003; S111-S114 

7.  Levey AS, Beto JA, Coronado BE, Eknoyan G, Foley RN, Kasiske BL, Klag MJ, Mailloux LU, Manske CL, 

Meyer KB, Parfrey PS, Pfeffer MA, Wenger NK, Wilson PW, Wright JT: Controlling the epidemic of 

cardiovascular disease in chronic renal disease: what do we know? What do we need to learn? Where do we go 

from here? National Kidney Foundation Task Force on Cardiovascular Disease. Am J Kidney Dis 1998; 32: 

853-906 

8.   Foley RN, Parfrey PS, Sarnak MJ: Clinical epidemiology of cardiovascular disease in chronic renal disease. Am 

J Kidney Dis 1998; 32: S112-S119 

9.   U.S. Renal Data System, USRDS 2003 Annual Data Report: Atlas of End-Stage Renal Disease in the United 

States, National Institute of Health, National Institute of Diabetes and Digestive and Kidney Diseases, 

Bethesda, MD, 2003  

10.  National Kidney Foundation. K/DOQI Clinical Practice Guidelines for Bone Metabolism and Disease in 

Chronic Kidney Disease. Am J kidney Dis 2003; 42 (suppl 3): S1-S202 

11.   Davies SJ, Russell L, Bryan J, Phillips L, Russell GI: Comorbidity, urea kinetics, and appetite in continuous 

ambulatory peritoneal dialysis patients: their interrelationship and prediction of survival. Am J Kidney Dis 

1995; 26: 353-361 

12.   Watson PE, Watson ID, Batt RD: Total body water volumes for adult males and females estimated from 

simple anthropometric measurements. Am J Clin Nutr 1980; 33: 27-39 

13.   Daugirdas JT: Second generation logarithmic estimates of single-pool variable volume Kt/V: an analysis of 

error. J Am Soc Nephrol 1993; 4: 1205-1213 

14.  Therneau TM, Grambsch PM: Modeling survival data: Extending the Cox model. New York, Springer: 2000 

15.  Slatopolsky E, Weerts C, Thielan J, Horst R, Harter H, Martin KJ: Marked suppression of secondary 

hyperparathyroidism by intravenous administration of 1,25-dihydroxy-cholecalciferol in uremic patients. J Clin 

Invest 1984; 74: 2136-2143 

16.   Kant KS, Cook EF, Duncan H, Freyberg R: Parathyroid hormone suppression by intravenous calcitriol: role 

of phosphate, calcium, race and diabetes. Am J Med Sci 2002; 323: 210-215 

17.  Teng M, Wolf M, Ofsthun MN, Lazarus JM, Hernan MA, Camargo CA, Thadhani R: Activated injectable 

vitamin D and hemodialysis survival: A historical cohort study. J Am Soc Nephrol 2005; 16: 1115-1125 

18.   London GM, Marty C, Marchais SJ, Guerin AP, Metivier F, de Vernejoul MC: Arterial calcifications and bone 

histomorphometry in end-stage renal disease. J Am Soc Nephrol 2004; 15: 1943-1951 

19.   Braun J, Oldendorf M, Moshage W, Heidler R, Zeitler E, Luft FC: Electron beam computed tomography in 

the evaluation of cardiac calcification in chronic dialysis patients. Am J Kidney Dis 1996; 27: 394-401 



Chapter 3 

 44 

20.  Wang AY, Wang M, Woo J, Lam CW, Li PK, Lui SF, Sanderson JE: Cardiac valve calcification as an 

important predictor for all-cause mortality and cardiovascular mortality in long-term peritoneal dialysis 

patients: a prospective study. J Am Soc Nephrol 2003; 14: 159-168 

21. Moe SM, O'Neill KD, Duan D, Ahmed S, Chen NX, Leapman SB, Fineberg N, Kopecky K: Medial artery 

calcification in ESRD patients is associated with deposition of bone matrix proteins. Kidney Int 2002; 61: 

638-647 

22. Jono S, McKee MD, Murry CE, Shioi A, Nishizawa Y, Mori K, Morii H, Giachelli CM: Phosphate regulation 

of vascular smooth muscle cell calcification. Circ Res 2000; 87: E10-E17 

23.      Moe SM, Reslerova M, Ketteler M, O'neill K, Duan D, Koczman J, Westenfeld R, Jahnen-Dechent W, Chen 

NX: Role of calcification inhibitors in the pathogenesis of vascular calcification in chronic kidney disease 

(CKD). Kidney Int 2005; 67: 2295-2304 

24.      Ketteler M, Bongartz P, Westenfeld R, Wildberger JE, Mahnken AH, Bohm R, Metzger T, Wanner C, 

Jahnen-Dechent W, Floege J: Association of low fetuin-A (AHSG) concentrations in serum with 

cardiovascular mortality in patients on dialysis: a cross-sectional study. Lancet 2003; 361: 827-833 

 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disturbed mineral metabolism is 
associated with muscle and skin 

complaints in a prospective 
cohort of dialysis patients 

C
h

a
p

te
r 4

 

Nephrology Dialysis Transplantation 2007; 22: 2944-2949 

Marlies Noordzij 

Elisabeth W. Boeschoten 

Willem J. Bos 

Friedo W. Dekker 

Patrick M. Bossuyt 

Raymond T. Krediet 

and Johanna C. Korevaar 

for the NECOSAD Study Group 



Chapter 4 

 46 

 

 

 

Background: Disturbed mineral metabolism is associated with increased 

morbidity and mortality, however, its influence on physical symptoms is less 

clear. We explored the effects of disordered plasma calcium, phosphorus, 

calcium-phosphorus (Ca x P) product, and intact parathyroid hormone (iPTH) 

concentrations according to the K/DOQI guideline for bone metabolism and 

disease on the risk of muscle and skin complaints in dialysis patients. 

 

Methods: As part of NECOSAD, a prospective multicentre study in the 

Netherlands, we included 1469 consecutive patients who started haemodialysis 

or peritoneal dialysis between 1997 and 2004. Muscle pain, cramps, and itching 

(pruritus) and dry (xerosis) skin were repeatedly measured using the Kidney 

Disease Quality Of Life-Short Form questionnaire. Odds ratios (OR) for the 

risk of complaints over time were calculated by generalised estimating equations 

(GEE) models.  

 

Results: Mean (SD) age was 59 (15) years, 61% of the patients were male and 

63% were on haemodialysis. At baseline >65% of the patients had muscle and 

skin complaints. Compared to patients who met the target, the risk of muscle 

pain was increased in patients with hyperphosphataemia [OR: 1.2; 95% 

confidence interval (CI): 1.1 to 1.5]. iPTH concentrations below the target range 

were associated with lower risk of cramps (OR: 0.8; 95% CI: 0.6 to 0.9). The 

risk of pruritus was increased in patients with severely elevated plasma calcium 

(OR: 1.4; 95% CI: 1.1 to 1.7), phosphorus (OR: 1.4; 95% CI: 1.1 to 1.7), and Ca 

x P product levels (OR: 1.6; 95% CI: 1.3 to 2.0).  Finally, increased plasma 

calcium concentrations were associated with an elevated risk of xerosis (OR: 

1.4; 95% CI: 1.1 to 1.9). 

 

Conclusions: Disturbed mineral metabolism according to the K/DOQI 

guideline is associated with more muscle and skin complaints in dialysis 

patients. These findings emphasise the importance of keeping mineral 

metabolism in dialysis patients in tight control.  
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Introduction 

 

In the past decade numerous studies have shown that disturbances in mineral metabolism, 

such as elevated plasma calcium, phosphorus, and intact parathyroid hormone (iPTH) levels 

increase morbidity and mortality risk in haemodialysis (HD) and peritoneal dialysis (PD) 

patients.1-3 For that reason, the National Kidney Foundation-Kidney Disease Outcome Quality 

Initiative (NKF-K/DOQI) published their guideline for bone metabolism and disease in 

chronic kidney disease (CKD) in October 2003.4 This guideline recommends tight regulation 

of serum calcium, phosphorus, calcium-phosphorus (Ca x P) product and iPTH concentrations 

in patients suffering from end-stage renal disease (ESRD). 

 

In addition to morbidity and mortality, physical well-being i.e. the presence and severity of 

symptoms or complaints, is an important outcome measure in the evaluation of dialysis 

therapy. Dialysis patients suffer from various symptoms, such as fatigue, sore muscles, upset 

stomach or nausea, skin complaints, sleeping problems and cramps. It has been suggested that 

hypercalcaemia and hyperphosphataemia could cause complaints such as itching (pruritus) and 

dryness (xerosis) of the skin.5 Moreover, derangements in calcium concentration could possibly 

lead to muscle complaints.6  

 

Since the 1970’s some studies explored the influence of clinical parameters on the occurrence 

of symptoms, especially pruritus, in dialysis patients.5,7,8 Recently, a study of 67 prevalent HD 

patients showed no significant differences in calcium, phosphorus, and PTH concentrations 

between patients with and without pruritus.7  Also Virga et al.8 and Dyachenko et al.9 could not 

detect any significant differences between HD patients in categories of pruritus frequency and 

intensity. So, although associations of mineral metabolism with symptoms are described in 

conventional textbooks, these associations could not be confirmed in all clinical studies and 

remain inconclusive. 

 

Therefore, the aim of this large prospective, observational, cohort study was to determine 

whether disturbances in mineral metabolism according to the K/DOQI guideline are 

associated with the risk of muscle and skin complaints over the first four years of dialysis 

treatment in incident HD and PD patients in the Netherlands.  

 

Subjects and Methods 

 

Subjects 

 

The Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD) is a large, 

prospective, multicentre, cohort study in which all new ESRD patients from 38 out of 50 

Dutch dialysis centres were consecutively enrolled. To be included in the study, patients had to 

be 18 years or older and dialysis had to be their first renal replacement therapy. In addition, 
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patients had to have measurements of plasma calcium, phosphorus, and iPTH concentrations, 

and information on symptoms available at three months after the start of dialysis (baseline). 

The patients in the present study started chronic HD or PD treatment in the period between 

1997 and 2004. Because the major part of this study period was before publication of the 

K/DOQI guideline for bone metabolism and disease in CKD in 2003,4 nephrologists probably 

did not aim for these targets. The resulting large variation in plasma concentrations enabled us 

to study the effects of the K/DOQI-targets on muscle and skin complaints over time. Before 

inclusion, all patients gave informed consent and all medical ethical committees of the 

participating centres approved of the study. Patients were followed until death, transplantation, 

or end of follow-up (1 March 2005). 

 

Demographic and Clinical Data  

 

Data on demography, primary kidney disease and comorbidity were collected zero to four 

weeks before initiation of dialysis treatment. Data on residual renal function, biochemistry, 

dialysis characteristics and symptoms were repeatedly collected at fixed time points three and 

six months after the start of dialysis and every six months onward.  

 

Comorbidity was scored according to Davies’ comorbidity index and patients were classified as 

having no, intermediate or severe comorbidity based on the number of comorbid conditions.10 

Primary kidney disease was classified according to the codes of the European Renal 

Association-Dialysis and Transplantation Association (ERA-EDTA). The nutritional status 

was scored on the standardised seven-point scale of the Subjective Global Assessment (SGA) 

which is based on the clinical judgment of the dialysis nurse.11 We defined malnourishment as 

a SGA score of five or lower. Residual renal function was expressed as residual glomerular 

filtration rate (rGFR), calculated as the mean of creatinine and urea clearance adjusted for body 

surface area (mL/min/1.73 m2). Dialysis dose, the Kt/Vurea per week, was calculated as dialysis 

urea clearance, divided by urea distribution volume (V) according to Watson et al.12 For HD 

patients dialysis urea clearance was calculated using a second-generation Daugirdas formula13 

and for PD patients peritoneal Kt/Vurea was calculated from a 24-hour dialysate collection.  

 

Laboratory variables were evaluated in reference to the targets advised in the K/DOQI 

guideline for bone metabolism and disease in CKD.4 This guideline recommends serum 

concentrations of corrected calcium in the range from 8.4 to 9.5 mg/dl (2.10 to 2.37 mmol/l) 

and phosphorus concentrations between 3.5 and 5.5 mg/dl (1.13 and 1.78 mmol/l). Serum Ca 

x P product concentration should be below 55 mg2/dl2 (<4.4 mmol2/l2) and serum iPTH 

concentrations should range from 150 to 300 pg/ml (15.8 to 31.6 pmol/l) in patients suffering 

from ESRD stage V. Plasma calcium concentrations (mg/dl) were corrected for albumin 

concentration (g/dl).4 The Ca x P product in mg2/dl2 was calculated by multiplying the 

corrected calcium concentration by the phosphorus concentration, both in mg/dl. iPTH 

measurements were based on intact molecule assays.  
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Symptoms 

 

Symptoms were measured at three and six months after the start of dialysis and subsequently at 

six-month intervals, as part of the Kidney Disease Quality of Life Short Form (KDQOL-SF) 

questionnaire. The KDQOL-SF is a validated health measure for individuals with ESRD.14,15 

This questionnaire includes a generic part which was originally developed for the Medical 

Outcomes Study 36-item Short-Form Health Survey (SF-36) and a disease-specific part which 

is targeted at quality of life concerns that are specifically relevant for patients receiving dialysis 

therapy. The KDQOL-SF and its validation are described in more detail in a previous 

publication.15 

 

The dimension symptoms/problems is incorporated in the disease specific part of the 

KDQOL-SF and comprises soreness in muscles, chest pain, cramps, itchy skin, dry skin, 

shortness of breath, faintness or dizziness, lack of appetite, feeling washed out, and problems 

with access (HD) or catheter site (PD). The patients were asked at each time point in the study 

whether they suffered from these complaints in the preceding four weeks. We studied the 

symptoms related to muscle and skin: soreness in muscles, cramps, itchy skin (pruritus), and 

dry skin (xerosis). The extent of burden for each symptom was scored on a five-point Likert 

scale with the values 1 (not at all), 2 (somewhat), 3 (moderately), 4 (very much), and 5 

(extremely). We classified a symptom as prevalent when a patient reported a symptom score of 

two or higher. Results from the questionnaire were not reported to the nephrologists who were 

treating the patients. 

 

Statistical analysis 

 

Plasma concentrations were divided in categories below, on, or above the recommended 

K/DOQI targets. In addition, we defined categories for extremely elevated plasma calcium 

(>10.6 mg/dl; >2.65 mmol/l), phosphorus (>7.0 mg/dl; 2.3 mmol/l), Ca x P product (>70 

mg2/dl2; >5.6 mmol2/l2), and iPTH (>600 pg/ml; >63.2 pmol/l) concentrations. Patients with 

plasma concentrations below or above the recommended target were compared with patients 

who met the target (reference category).  

 

For the longitudinal analyses we used generalised estimating equations (GEE) analyses to 

analyse risk of symptoms over the first four years after the start of dialysis. This method takes 

into account the correlation between repeated measurements within the same patient. All 

available time points in the first four years after dialysis initiation, i.e. 3, 6, 12, 18, 24, 30, 36, 42, 

and 48 months after the start of dialysis, were included in the analyses. Adjustments were made 

for a number of possible confounding effects selected from the available literature. These 

included the presence of muscle- or skin complaints, age, Davies’ comorbidity score, primary 

kidney disease, and SGA as recorded at baseline. Moreover, we adjusted for plasma calcium, 

phosphorus, iPTH, albumin level, Kt/Vurea and haemoglobin level as repeatedly measured 
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variables. In the analyses of Ca x P product, we used a similar model without adjustments for 

calcium and phosphorus. All statistical analyses were performed using SAS statistical software, 

version 9.1 (SAS Institute; Cary, NC, USA).  

 

 

Table 1. Patient characteristics at three months after the start of dialysis (n = 1469) 

Age (years) 59 (15) 

Gender (% male) 61 

Primary Kidney Disease (%) 

     Diabetes Mellitus 

     Glomerulonephritis 

     Renal vascular disease 

     Cystic kidney disease                                                 

     Interstitial nephropathy                                                 

     Multi system disease 

     Other 

 

16 

14 

18 

12 

12 

6 

23 

Comorbidity (%) 

     Moderate 

     High 

 

45 

9 

rGFR (ml/min) 3.97 (3.07) 

Therapy (% HD / % PD) 63 / 37 

Dialysis Kt/Vurea (/week) 

     HD 

     PD 

 

2.76 (0.85)    

1.51 (0.39) 

Albumin (g/dl) 3.63 (0.51) 

Hemoglobin (g/dl) 11.2 (1.58) 

Nutritional status (% malnourished) 26 

Phosphate binders (% yes) 91 

Calcium (mg/dl) 

     < 8.4 mg/dl (%) 

     8.4-9.5 mg/dl (%)    

     9.5-10.6  mg/dl (%) 

     >10.6 mg/dl (%) 

9.77 (1.03) 

5 

35 

41 

18 

Phosphorus (mg/dl) 

     < 3.5 mg/dl (%) 

     3.5-5.5 mg/dl (%) 

     5.5-7.0 mg/dl (%) 

     > 7.0 mg/dl (%) 

5.60 (1.67) 

8 

44 

31 

18 

Ca x P product (mg2/dl2) 

     <55 mg2/dl2 (%) 

     55-70 mg2/dl2 (%) 

     > 70 mg2/dl2 (%) 

54.6 (16.8) 

56 

26 

18 

iPTH (pg/ml) 

     < 150 pg/ml (%) 

     150-300 g/ml (%) 

     300-600 pg/ml (%) 

     > 600 pg/ml (%) 

216.2 (274.1) 

55 

22 

16 

7 

Mean values (SD) are presented for continuous variables. To convert serum albumin in g/dl to g/l, multiply by 10; 
plasma calcium in mg/dl to mmol/l, multiply by 0.2495; plasma phosphorus in mg/dl to mmol/l, multiply by 0.3229. 
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Results 
 

Description 

 

From a total of 1997 patients who started chronic HD or PD treatment in the period between 

1997 and 2004, we excluded 210 patients because of missing data on mineral metabolism at 

three months after the start of dialysis (baseline visit). Another 318 patients were excluded 

because information on symptoms was unavailable at baseline. In most cases this was due to 

the refusal of patients to participate in the part of the study regarding Health Related Quality 

Of Life, in which they had to complete the Kidney Disease Quality of Life Short Form 

(KDQOL-SF) questionnaire. Excluded patients had a statistically significant lower rGFR and 

glomerulonephritis was less frequently the primary kidney disease compared with included 

patients. Other baseline characteristics were not different between included and excluded 

patients. The total of 1469 patients who were included had a mean age of 59 years, 61% were 

men and 63% were treated with HD. Baseline characteristics of the patients are listed in Table 

1. 

 

Symptoms at baseline 

 

At baseline, a vast majority of patients suffered from muscle pain (68%), cramps (67%), 

pruritus (68%), and xerosis (67%). HD patients had significantly more muscle pain at baseline 

compared with PD patients (71% versus 64%, P =0.002). Because there were no significant 

differences between HD and PD patients concerning the other symptoms of interest, all 

analyses are presented for HD and PD patients combined.  

 

Symptoms over time 

 

After four years of follow-up time 229 HD patients and 124 PD patients were still in the study. 

During the study there were 332 deaths among HD patients (n =930) and 119 deaths among 

the PD patients (n =539). Two-year patient survival was 75% in the HD group and 86% in the 

PD group. When we compared patients who died during follow-up with patients who 

survived, the prevalence of muscle pain at baseline was significantly higher in patients who 

died (73% versus 67%, P =0.03). Also the baseline prevalence of xerosis was higher in patients 

who died than in those who survived (71% versus 63%, P =0.009). 

 

In general, the extent of symptoms remained stable during the study period. Only for muscle 

pain we observed that the complaints increased during the first four years of dialysis therapy. 

Three months after the start of dialysis 68% of patients were bothered by muscle pain and this 

increased to 81% four years after the initiation of dialysis treatment.  
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GEE models were used to calculate odds ratios (ORs) for the risk of having symptoms over 

time in categories as defined in the K/DOQI guideline for bone metabolism and disease in 

CKD and in additional categories for extremely elevated plasma concentrations. K/DOQI 

target ranges were used as reference categories.  

 

Table 2. Adjusted* risks of muscle complaints over time in patients categorised according to 

the K/DOQI target ranges  

 Muscle pain  Cramps 

Odds Ratio  

(95% CI) 

P – value Odds Ratio  

(95% CI) 

P – value 

Calcium     

< 8.4 mg/dl 

8.4-9.5 mg/dl    

9.5-10.6  mg/dl 

>10.6 mg/dl 

 

0.6 (0.3 – 0.9) 

1.0 

1.1 (0.9 – 1.3) 

1.0 (0.8 – 1.2) 

0.18 

 

  

1.0 (0.6 – 1.7) 

1.0 

0.8 (0.7 – 1.0) 

0.9 (0.7 – 1.1) 

0.13 

 

Phosphorus 

< 3.5 mg/dl 

3.5-5.5 mg/dl 

5.5-7.0 mg/dl 

> 7.0 mg/dl 

 

1.0 (0.7 – 1.3) 

1.0 

1.2 (1.1 – 1.5) 

1.2 (1.0 – 1.5) 

0.06   

0.8 (0.7 – 1.1) 

1.0 

1.1 (0.9 – 1.3) 

1.2 (1.0 – 1.5) 

0.11 

 

Ca x P product 

<55 mg2/dl2 

55-70 mg2/dl2 

> 70 mg2/dl2  

 

1.0 

1.1 (0.9 – 1.3) 

1.1 (0.9 – 1.4) 

0.46   

1.0 

1.0 (0.9 – 1.2) 

1.2 (0.9 – 1.4) 

0.34 

 

iPTH 

< 150 pg/ml 

150-300 g/ml 

300-600 pg/ml 

> 600 pg/ml 

 

0.9 (0.8 - 1.2) 

1.0 

0.9 (0.8 - 1.2) 

1.2 (0.8 – 1.6) 

0.54   

0.8 (0.6 – 0.9) 

1.0 

0.9 (0.7 - 1.1) 

1.0 (0.7 – 1.3) 

0.03 

 

To convert plasma calcium in mg/dl to mmol/l, multiply by 0.2495; plasma phosphorus in mg/dl to mmol/l, multiply 
by 0.3229. 
* Multivariate model contained: calcium, phosphorus, iPTH, age, sex, nutritional status (SGA), haemoglobin level, 
albumin level, comorbidity score, muscle complaints at baseline, primary kidney disease, and Kt/V per week.  

 
 

In patients with moderately elevated plasma phosphorus levels, we found a 20% increased risk 

of muscle pain [OR: 1.2; 95% Confidence Interval (CI): 1.1 to 1.5] when compared to patients 

who met the K/DOQI target. Moreover, low calcium concentrations were associated with a 

lower risk of muscle pain (OR: 0.6; 95% CI: 0.3 to 0.9). The risk of having cramps was 

increased with 20% in patients with severely elevated plasma phosphorus concentrations (OR: 

1.2; 95% CI: 1.0 to 1.5). A plasma iPTH concentration below the advised target was associated 

with a lower risk of cramps (OR: 0.8; 95% CI: 0.6 to 0.9).  

 

The risk of pruritus was elevated in patients who had elevated plasma calcium, phosphorus and 

Ca x P product concentrations compared to patients who met the targets. These risks became 

higher as the plasma concentrations were higher.  
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Table 3. Adjusted* risks of skin complaints over time in patients categorized according to the 

K/DOQI target ranges 

 Pruritus  Xerosis 

Odds Ratio  

(95% CI) 

P - value Odds Ratio  

(95% CI) 

P – value 

Calcium     

< 8.4 mg/dl 

8.4-9.5 mg/dl    

9.5-10.6  mg/dl 

>10.6 mg/dl 

 

0.9 (0.6 – 1.5) 

1.0 

1.2 (1.0 – 1.4) 

1.4 (1.1 – 1.7) 

0.03 

 

  

0.6 (0.3 – 1.3) 

1.0 

1.3 (1.0 – 1.6) 

1.4 (1.1 – 1.9) 

0.02 

 

Phosphorus 

< 3.5 mg/dl 

3.5-5.5 mg/dl 

5.5-7.0 mg/dl 

> 7.0 mg/dl 

 

1.0 (0.8 – 1.3) 

1.0 

1.2 (1.1 – 1.5) 

1.4 (1.1 – 1.7) 

0.02 

 

  

0.9 (0.6 – 1.2) 

1.0 

1.0 (0.8 – 1.2) 

1.2 (0.9 – 1.5) 

0.26 

 

Ca x P product 

<55 mg2/dl2 

55-70 mg2/dl2 

> 70 mg2/dl2  

 

1.0 

1.2 (1.0 – 1.4) 

1.6 (1.3 – 2.0) 

<0.001 

 

  

1.0 

1.0 (0.8 – 1.2) 

1.2 (0.9 – 1.4) 

0.22 

 

iPTH 

< 150 pg/ml 

150-300 g/ml 

300-600 pg/ml 

> 600 pg/ml 

 

0.9 (0.7 – 1.0) 

1.0 

0.9 (0.7 – 1.1) 

0.9 (0.7 – 1.3) 

0.44 

 

  

0.9 (0.7 – 1.2) 

1.0 

0.9 (0.6 - 1.2) 

1.0 (0.6 – 1.7) 

0.84 

 

To convert plasma calcium in mg/dl to mmol/l, multiply by 0.2495; plasma phosphorus in mg/dl to mmol/l, multiply 
by 0.3229. 
* Multivariate model contained: calcium, phosphorus, iPTH, age, sex, nutritional status (SGA), haemoglobin level, 
albumin level, comorbidity score, muscle complaints at baseline, primary kidney disease, and Kt/V per week.  
 

 

Finally, both moderately and severely elevated plasma calcium concentrations were associated 

with an increased risk of xerosis (OR: 1.3; 95% CI: 1.0 to 1.6, and OR: 1.4; 95% CI: 1.1 to 1.9, 

respectively). Adjusted ORs are listed in Tables 2 and 3. As an example to visualise the changes 

over time, proportions of patients with muscle pain, cramps, and pruritus in categories of time 

updated phosphorus concentrations are depicted in Figure 1A, 1B, and 1C.   

 

In an additional analysis we subsequently studied whether a decrease in plasma calcium and 

phosphorus concentrations was associated with decreased symptom burden. We selected 

patients who reported to suffer from muscle pain at baseline, and divided these patients in a 

subgroup that still had muscle pain one year later (n =903) and a subgroup that did not have 

muscle pain anymore after one year of dialysis therapy (n =90). We observed that in patients 

who did not have muscle pain any longer plasma phosphorus levels had significantly declined 

during the first year of dialysis, when compared to patients who still had muscle pain after one 

year (-0.47 mg/dl versus +0.04 mg/dl, P =0.01). Similarly, plasma phosphorus levels decreased 

for patients who had cramps (n =126) or pruritus (n =108) at baseline but not anymore one 

year later, when compared with patients who still suffered from cramps (n =898; -0.33 mg/dl 

versus +0.04 mg/dl, P =0.04), or pruritus (n =916; -0.37 mg/dl versus +0.04 mg/dl, P =0.03) 
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one year later. Plasma calcium concentrations did not differ between patients with or without 

an improvement of muscle and skin complaints. 

 

Figure 1. Muscle and skin complaints over time. 
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Figure 1a. Description of muscle pain in categories of time-updated plasma phosphorus 

concentration.*  
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Figure 1b. Description of cramps in categories of time-updated plasma phosphorus 

concentration.* 
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Figure 1c. Description of pruritus in categories of time-updated plasma phosphorus 

concentration.*  

 
* All proportions are calculated for a male sample patient of 59 years old who is well nourished, has a plasma calcium 
concentration between 8.4 and 9.5 mg/dl, an iPTH concentration between 150 and 300 pg/ml, an albumin level of 
3.63 g/dl, a haemoglobin level of 11.2 g/dl and no comorbidity. 

 
 

Discussion 

 

In the current study we demonstrated that disturbances in mineral metabolism, according to 

the K/DOQI guideline for bone metabolism and disease in CKD, are associated with more 

muscle and skin complaints in dialysis patients. More than 65% of HD and PD patients were 

bothered by muscle pain, cramps, pruritus and xerosis. We observed that patients with plasma 

calcium concentrations above the advised target had an elevated risk of pruritus and xerosis, 

while calcium levels less than the target were associated with a lower risk of muscle pain, when 

compared with patients who met the target. Hyperphosphataemia was associated with a higher 

risk of muscle pain, cramps, and pruritus. Finally, iPTH concentrations below the target range 

were associated with a lower risk of cramps.   

This study might have some limitations. First, the presence and severity of the symptoms of 

the patients before they started dialysis treatment was not determined. Consequently, we could 

not incorporate symptoms scores before initiation of dialysis treatment in our analyses and the 

influence of starting dialysis therapy on symptoms could not be studied. Second, biochemical 

measurements were not performed in a central lab, but in the participating centres separately. 

The iPTH measurements were performed by various first generation immunometric iPTH 

assays depending on the participating centre. These methods may yield different results which 
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will lead to more variation in the obtained concentration, probably resulting in an 

underestimation of the true effect. However, since we found effects of plasma iPTH levels 

which are in accordance with the international literature, we believe that the use of different 

iPTH-assays had only a minor influence on our findings. Finally, data on the prescribed 

phosphate-binding medication was incomplete. More than 90% of the patients were 

administered phosphate binders. However, the type and dosage of prescribed phosphate 

binders, as well as the prescription of vitamin D analogues, in our study were not known.  

The percentages of patients with skin complaints, i.e. pruritus that we observed (68% at 

baseline) is consistent with most sources, which report that at least half of patients undergoing 

dialysis complain of varying degrees of pruritus.7,8,16-18 Also the prevalence of cramps (67%) is 

in line with the literature, which indicates that cramps occur in 35 to 86% of HD patients.19 We 

could not detect any previous studies that reported prevalences of muscle pain or xerosis or 

studies that investigated muscle or skin complaints over time. 

Several pathophysiological mechanisms underlying the studied symptoms have been suggested. 

Excessive dialysis ultrafiltration, intradialytic hypotension, or tissue hypoxia may lead to 

abnormal muscle energy metabolism. The subsequent lactic acid formation could be the cause 

of muscle weakness and painful muscular cramping.20 In addition, it is known that tetany, a 

condition of mineral imbalance, can occur when the concentration of calcium ions in extra 

cellular fluids such as plasma falls below normal. Tetany results in muscle cramps.6 We indeed 

observed an increased OR of 1.2 (95% CI: 0.9 to 1.7) for cramps in patients with too low 

plasma calcium concentrations, although this association was not statistically significant, partly 

due to the small number of patients with hypocalcaemia.  

 

Different hypotheses on the pathophysiology of skin complaints have been generated.7,8,21 

Multiple factors may contribute to the rough and scaly skin appearance of xerosis, including 

skin dehydration, reduced sebum excretion and reduced stratum corneum hydration.22 

Moreover, skin dryness is correlated with the severity of pruritus.16,22 Many different metabolic 

disorders, frequently associated with uraemia, have been suggested to play a role in the 

development of pruritus. PTH initially was implicated as causing pruritus,5 but was 

subsequently found not to be involved,23,17 which is in agreement with our results. Another 

possible mechanism underlying skin complaints is the formation of calcium-phosphorus 

crystals in the skin.21 Although some other studies could not confirm this theory,7,23 we indeed 

observed statistically significant associations of hypercalcaemia, hyperphosphataemia and 

especially elevated Ca x P product with pruritus. Also Narita et al.18 and Pisoni et al.24 recently 

identified hypercalcaemia and hyperphosphataemia as independent risk factors for the 

development of moderate to severe pruritus in HD patients.    

 

Recent studies in dialysis patients have shown that deregulated mineral metabolism increases 

the risk of morbidity and mortality. In addition, we now demonstrate that plasma calcium, 



Muscle and skin complaints 

 57 

phosphorus, and Ca x P product concentrations above the targets recommended in the 

K/DOQI guideline are associated with an increased risk of muscle and skin complaints. This 

study, therefore, emphasises the importance of keeping mineral metabolism of dialysis patients 

in tight control. 
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 Background: Recent studies showed that mineral metabolism disorders are 

associated with renal function loss in pre-dialysis patients, but their effects in 

dialysis patients are less well established. We examined associations between 

parameters of mineral metabolism and loss of residual renal function (RRF) in 

dialysis patients. 

 

Study design: Prospective multicentre cohort study in the Netherlands 

(NECOSAD).  

 

Setting and participants: 1468 incident haemodialysis (HD) and peritoneal 

dialysis (PD) patients who were not anuric at dialysis initiation. 

 

Predictors: Plasma calcium, phosphorus, calcium-phosphorus product, and 

intact PTH concentrations.  

 

Outcome: Total loss of RRF, defined as anuria during the first 3 years of 

dialysis. 

 

Measurements: Cox regression models were applied to calculate relative risks 

of total loss of RRF. The rate of decline of RRF over time was calculated using 

general linear mixed models. 

 

Results: Mean (SD) age was 59 (15), 62% were men, and 59% were treated 

with HD. We found that both HD and PD patients with the highest 

phosphorus (P <0.0001) and calcium-phosphorus product (P <0.0001) levels 

had the lowest baseline residual glomerular filtration rate (rGFR) values. During 

follow-up, 136 HD (15%) and 67 PD patients (12%) became anuric. After 

adjustment for baseline rGFR, there were no significant associations between 

parameters of mineral metabolism and the risk of becoming anuric. There were 

also no differences in the rate of decline in RRF between categories of plasma 

concentrations. 

 

Limitations: rGFR values could not be calculated for all patients due to 

missing or unreliable urine collections. 

 

Conclusion: Disordered mineral metabolism was neither associated with the 

risk of becoming anuric, nor with the rate of decline in RRF in dialysis patients. 

Differences in decline were mainly attributable to the baseline rGFR value.  
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Introduction 

 

Preserving residual renal function (RRF) is one of the primary goals for nephrologists 

managing patients with chronic kidney disease (CKD). Also in CKD stage V, after the 

initiation of dialysis therapy, preservation of RRF remains important. RRF contributes 

significantly to the overall health and well-being of dialysis patients1 and the loss of RRF 

predicts mortality in haemodialysis (HD)2,3 and peritoneal dialysis (PD) patients.4,5 In addition, 

loss of RRF contributes significantly to anaemia, inflammation, and malnutrition in patients 

receiving dialysis treatment.4  

 

Disturbances in mineral metabolism, such as secondary hyperparathyroidism and 

hyperphosphataemia, are common in patients receiving HD or PD therapy6 and have been 

suggested as potential causes of decline of RRF. There is some evidence for a role of elevated 

intact parathyroid hormone (iPTH) levels in the progression of renal failure.7 In addition, 

previous studies have shown that a decline in RRF leads to decreased phosphorus removal. 

Wang et al. reported that residual glomerular filtration rate (rGFR), despite on average being 

below 2 ml/min/1.73 m2, was strongly associated with phosphorus control in PD patients.8 

Although there is evidence that a lower RRF leads to higher plasma phosphorus levels, higher 

plasma phosphorus levels might lead to a faster decline in RRF as well. In a rat model of CKD, 

associations between high plasma phosphorus concentration and both decline in renal function 

and renal morphological changes have been shown.9 The main external source of plasma 

phosphorus in humans is protein from the diet. The effect of a protein-restricted diet on 

decline in renal function has been studied extensively in CKD patients and showed a small 

benefit.10,11 These data support the hypothesis that phosphorus might be associated with the 

decline in RRF in humans, which was confirmed by some recent studies in pre-dialysis 

patients.12-14 In addition, in one of these studies, a non-significant trend was observed between 

low plasma calcium levels and decline in RRF.13  

 

There are no previous studies that investigated whether hyperphosphataemia, or other 

disturbances in mineral metabolism, has a deteriorating effect on RRF in patients receiving 

dialysis therapy. Therefore, we aimed to determine the associations between disordered plasma 

calcium, phosphorus, calcium-phosphorus (Ca x P) product, and iPTH concentrations, and the 

decline in RRF in a large prospective cohort of HD and PD patients in the Netherlands.  

 

Methods 

 

Subjects 

 

In the Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD), a large 

prospective multicentre cohort study, end-stage renal disease patients are followed from the 

initiation of dialysis until transplantation or death. All incident dialysis patients in 38 dialysis 
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units in the Netherlands were consecutively invited to participate in the study. Patients had to 

be 18 years or older with dialysis as their first renal replacement therapy.  

 

For the current analyses we included HD and PD patients new on chronic dialysis treatment 

between 1997 and 2006. Because we were interested in decline of RRF, patients were excluded 

when they were already anuric at dialysis initiation. To be included, patients had to have 

measurements of plasma calcium, phosphorus, and iPTH concentrations available at the time 

point three months after the start of dialysis (baseline visit). All patients gave informed consent 

before inclusion and the study was approved by all local medical ethics committees. Patients 

were followed until transplantation, death, or 1 January 2007. 

 

Data collection 

 

Data on demography, primary kidney disease and comorbidity were collected zero to four 

weeks before the start of dialysis treatment. During follow-up, data on RRF, biochemistry, and 

dialysis characteristics were collected at fixed time points, three and six months after the start 

of dialysis, followed by six-month intervals.  

 

Primary kidney disease was classified according to the codes of the European Renal 

Association-Dialysis and Transplantation Association (ERA-EDTA).21 Patients were 

categorised according to Davies’ comorbidity index as having no, intermediate or severe 

comorbidity based on the number of comorbid conditions.22 The nutritional status was scored 

on the seven-point scale of the Subjective Global Assessment (SGA), which is a standardised 

method based on the clinical judgment of the dialysis nurse.23 We defined malnourishment as 

an SGA score of five or lower. Dialysis dose, expressed as Kt/Vurea per week, was calculated as 

dialysis urea clearance, divided by urea distribution volume (V) according to Watson et al.24 For 

HD patients dialysis urea clearance was calculated using a second generation Daugirdas 

formula25 and for PD patients peritoneal Kt/Vurea was calculated from a 24-hour dialysate 

collection. 

 

In HD patients blood samples were drawn before and after a monitoring dialysis session and 

again before the following dialysis session. Urine was collected during the entire interdialytic 

interval. The plasma concentrations used for the calculation of the GFR, were the mean of the 

concentration after a monitoring dialysis session, and the concentration before to the next 

dialysis session. In PD patients, a 24-hour urine and dialysate collection was done prior to a 

monitoring visit at the outpatient clinic and a blood sample was drawn at that visit. RRF was 

expressed as rGFR, calculated as the mean of creatinine and urea clearance adjusted for body 

surface area (ml/min/1.73 m2). rGFR was determined at three and six months after start of 

dialysis therapy and every six months onwards. The rGFR level was set to zero when urine 

production was <200 ml/24h. When a patient had a rGFR value of zero at two successive time 

points, we defined the patient as anuric from the first time point that rGFR was zero.  
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Plasma calcium, phosphorus, iPTH, and albumin were measured by standard laboratory 

techniques in the different centres. Calcium concentrations (mg/dl) were corrected for the 

albumin concentration (g/dl) using the formula [Corrected Calcium = Calcium + 0.8 * (4 - 

albumin)].26,27 To calculate the Ca x P product in mg2/dl2 we multiplied the corrected calcium 

concentration by the phosphorus concentration, each in mg/dl. Plasma concentrations of 

calcium, phosphorus, Ca x P product and iPTH were classified into categories less than, at, or 

greater than the targets recommended in the K/DOQI guideline.26 This guideline recommends 

serum concentrations of corrected calcium between 8.4 and 9.5 mg/dl (2.10 and 2.37 mmol/l) 

and serum phosphorus concentrations between 3.5 and 5.5 mg/dl (1.13 and 1.78 mmol/l). Ca 

x P product concentrations should be less than 55 mg2/dl2 (<4.4 mmol2/l2) and iPTH 

concentrations should range from 150 to 300 pg/ml (15.8 to 31.6 pmol/l). Because the greater 

part of the study period was before publication of the K/DOQI guideline, nephrologists 

probably did not aim for these targets. The resulting large variation enabled us to study the 

effects of K/DOQI targets on RRF. 

 

Statistical analysis 

 

Standard descriptive statistics were used to examine differences between HD and PD patients. 

Student’s t-tests were applied for testing differences in continuous variables and the chi-square 

test was used to compare distributions of dichotomous or categorical data. All analyses were 

stratified for treatment modality (HD or PD) as reported three months after start of dialysis. 

Plasma calcium, phosphorus, Ca x P product, and iPTH concentrations were analysed in 

categories based on the K/DOQI guideline.27 Patients who had too low or too high plasma 

concentrations were compared with patients who met the targets (reference category). 

ANOVA testing was applied to compare baseline rGFR values less than, at, and greater than 

the advised target ranges. 

 

We evaluated hazard ratios (HRs) for becoming anuric during the first three years of dialysis 

therapy utilizing Cox proportional hazards models, stratified for treatment modality, and 

controlling for baseline rGFR, calcium, phosphorus, iPTH, age, sex, comorbid conditions, 

nutritional status (SGA), systolic and diastolic blood pressure, urinary protein loss, and use of 

anti-hypertensive drugs. A separate multivariable model was used to calculate the HR for Ca x 

P product. This model contained the same variables except for calcium and phosphorus.   

 

In addition, generalised linear mixed models for repeated measures were applied to analyse the 

effects of mineral metabolism, based on the K/DOQI guideline, on the decline of RRF over 

the first three years of dialysis treatment. The multivariate model contained calcium, 

phosphorus, iPTH, systolic and diastolic blood pressure, and proteinuria as repeatedly 

measured variables. Additional adjustments were applied for age, sex, comorbidity score, 

nutritional status, and use of anti-hypertensive medication as recorded at baseline. A separate 
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multivariate model, which contained the same variables except for calcium and phosphorus, 

was applied to analyse the effect of Ca x P product on the decline of RRF.   

 

All statistical analyses were performed using SAS statistical software, version 9.1 (SAS Institute; 

Cary, NC, USA). A P-value <0.05 was considered to indicate statistical significance. 

 

  

Table 1. Patient characteristics three months after the start of dialysis (n =1468) 

 HD  

(n =899) 

 PD  

(n =569) 

Age (years)* 63 (14)  52 (15) 

Gender (% males)* 59  67 

Primary Kidney Disease (%)* 

     Diabetes Mellitus 

     Glomerulonephritis 

     Renal vascular disease 

 

16 

10 

20 

  

16 

19 

11 

Comorbidity (%)* 

     Low 

     Moderate 

     High 

 

42 

49 

9 

  

61 

33 

6 

rGFR (ml/min)* 4.01 (2.70)  4.59 (2.85) 

Dialysis Kt/Vurea (/week) 2.67 (0.80)  1.58 (2.22) 

Urine production (ml/24 h)*  910 (625)  1212 (775) 

Proteinuria (g/24 h) 1.77 (2.25)  1.70 (2.22) 

Systolic blood pressure (mm Hg)*  149 (19)  140 (21) 

Diastolic blood pressure (mmHg)* 80 (10)  85 (12) 

Anti-hypertensive drugs (% yes)* 82  88 

Albumin (g/dl) 3.63 (0.49)  3.64 (0.51) 

Haemoglobin (mmol/l)* 6.71 (0.87)  7.46 (0.98) 

Nutritional status (% malnourished)* 28.9  16.9 

Corrected calcium (mg/dl)*  9.63 (1.04)  9.98 (0.98) 

Phosphorus (mg/dl)*  5.74 (1.67)  5.28 (1.45) 

Ca x P product (mg2/dl2)*      55.3 (16.9)  52.7 (15.5) 

iPTH (pg/ml)      222 (272)  210 (243) 

Phosphate binders (% yes) 90  91 

Mean values (SD) are presented for continuous variables.   

* P <0.05, HD versus PD patients.  

To convert serum albumin in g/dl to g/l, multiply by 10; plasma calcium in mg/dl to mmol/l, multiply by 0.2495; 

plasma phosphorus in mg/dl to mmol/l, multiply by 0.3229; plasma iPTH in pg/ml to ng/l, multiply by 1. 
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Results 

 

Description 

 

From a total of 2004 patients we had to exclude 298 patients because they had not collected 

urine at any time point in the study. In addition, we excluded 130 patients who were already 

anuric at the baseline visit. Finally, 104 patients were excluded due to missing information on 

mineral metabolism at baseline. The remaining 1468 patients were included in the analyses. 

Compared to the included patients, excluded patients were older and they more often had a 

high comorbidity score. Other baseline characteristics were not different between in- and 

excluded patients. The included patients had a mean age of 59 years, 62% were male and 61% 

were treated with HD. Patient characteristics three months after start of dialysis treatment are 

summarised in Table 1.  

 

Decline of RRF 

 

At baseline, mean (SD) rGFR was 4.0 (2.7) ml/min/1.73 m2 in HD patients and 4.6 (2.9) 

ml/min/1.73 m2 in PD patients (P <0.0001). When we compared baseline rGFR values in 

categories of plasma concentrations as advised in the K/DOQI guideline for bone metabolism 

and disease, we found that plasma phosphorus concentrations differed significantly between 

HD and PD patients with plasma phosphorus less than, at, or greater than the target range (P 

<0.0001). Patients with plasma concentrations greater than 5.5 mg/dl had the lowest GFR 

values. Also HD and PD patients with plasma Ca x P product values >55 mg2/dl2 had lower 

rGFR values than patients who met the target (P <0.0001). GFR values did not differ between 

categories for calcium and iPTH levels. Results of this analysis are presented in Table 2. 

 

Table 2a. Mean baseline rGFR (ml/min/1.73 m2) in categories of plasma calcium, 

phosphorus, Ca x P product, and iPTH in HD patients 

 HD (n =899) 

Less than  At Greater than P-value 

     

Calcium   

% patients 

4.10 (3.03) 

7 

4.16 (2.57) 

41 

3.86 (2.57) 

52 

0.30 

Phosphorus  

% patients 

5.38 (3.16) 

7 

4.60 (2.93) 

39 

3.42 (2.09) 

54 

<0.0001 

Ca x P product  

% patients  

- 4.61 (2.85) 

54 

3.34 (2.13) 

46 

<0.0001 

iPTH  

% patients 

4.07 (2.65) 

54 

4.15 (2.82) 

22 

3.69 (2.24) 

24 

0.18 

Mean (SD) values are presented. P-values for ANOVA test.  

K/DOQI guideline ranges: calcium 8.4-9.5 mg/dl, phosphorus 3.5-5.5 mg/dl, Ca x P product <55 mg2/dl2, iPTH 

150-300 pg/ml. 
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Table 2b. Mean baseline rGFR (ml/min/1.73 m2) in categories of plasma calcium, 

phosphorus, Ca x P product, and iPTH in PD patients 

 PD (n = 569) 

Less than  At Greater than P-value 

     

Calcium   

% patients 

3.82 (2.55) 

2 

4.97 (2.71) 

28 

4.49 (2.66) 

69 

0.11 

Phosphorus  

% patients 

6.56 (2.94) 

10 

5.03 (2.81) 

51 

3.59 (1.92) 

40 

<0.0001 

Ca x P product  

% patients  

- 5.28 (2.88) 

60 

3.60 (1.94) 

40 

<0.0001 

iPTH  

% patients 

4.56 (2.56) 

56 

4.77 (2.88) 

22 

4.58 (2.77) 

23 

0.76 

Mean (SD) values are presented. P -values for ANOVA test.  

K/DOQI guideline ranges: calcium 8.4-9.5 mg/dl, phosphorus 3.5-5.5 mg/dl, Ca x P product <55 mg2/dl2, iPTH 

150-300 pg/ml. 

 

 

There were 136 out of 899 HD patients (15%) and 67 out of 569 PD patients (12%) who 

became anuric in the first three years of dialysis treatment. Kaplan-Meier curves for time until 

loss of RRF in HD and PD patients are shown in Figure 1. The mean (SD) time until patients 

became anuric was 32.4 (11.5) months for HD patients, and 34.1 (9.1) months for PD patients 

(P <0.01).  
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Figure 1. Kaplan-Meier curves for the time until total loss of RRF in HD and PD patients. 

Log rank test for HD versus PD patients: P <0.01. 

 

 

Cox proportional hazards models were used to calculate crude and adjusted hazard ratios 

(HRs) for total loss of RRF in categories of patients that had plasma levels less than, at, or 

greater than the targets advised in the K/DOQI guideline. In the unadjusted analyses, we found 
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that PD patients with a baseline plasma calcium concentration above the target range had an 

elevated risk of becoming anuric [HR: 2.2; 95% confidence interval (CI): 1.1 to 4.2]. HD 

patients with hyperphosphataemia had a 60% higher risk of becoming anuric within three years 

after start of dialysis when compared to HD patients who met the target for phosphorus (HR: 

1.6; 95% CI: 1.1 to 2.3). Moreover, a Ca x P product concentration greater than 55 mg2/dl2 

was associated with a significantly elevated HR of 1.7 (95% CI: 1.2 to 2.4) in HD patients, but 

not in PD patients. We could not detect any statistically significant effects of iPTH on the risk 

of becoming anuric (data not shown). In the multivariate models containing baseline rGFR, 

calcium, phosphorus, iPTH, age, sex, co-morbidity, systolic and diastolic blood pressure, 

albumin, urinary protein, and use of anti-hypertensive drugs, effects of plasma concentrations 

were no longer statistically significant. Only HD patients with an elevated iPTH levels had a 

lower risk of becoming anuric compared to patients who met the iPTH-target (HR: 0.5; 95% 

CI: 0.3 to 1.0). Adjusted HRs are presented in Table 3. We obtained comparable findings after 

repeating the multivariate analyses with plasma calcium and phosphorus concentrations as 

continuous variables, instead of applying the K/DOQI cut-off values, or after removing 

proteinuria from the model. When we removed baseline rGFR from the multivariate model, 

the observed effects were similar to those from the crude analyses.  

 

 

Table 3. Adjusted* hazard ratios (HR; 95% confidence interval) for the risk of total loss of 

RRF in categories of plasma concentrations for HD and PD patients 

 HD  

(n = 899) 

 PD  

(n =569) 

 HR P -value  HR  P -value 

Calcium                         < 8.4 mg/dl 0.7 (0.3-1.6) 0.39  # - 

          8.4-9.5 mg/dl  1.0   1.0  

       > 9.5 mg/dl 1.0 (0.6-1.4) 0.81  1.7 (0.8-3.8) 0.18 

      

Phosphorus                   < 3.5 mg/dl 0.7 (0.2-2.3) 0.53  1.7 (0.7-4.3) 0.25 

          3.5-5.5 mg/dl  1.0   1.0  

       > 5.5 mg/dl 1.2 (0.8-1.9) 0.31  1.3 (0.7-2.3) 0.45 

      

Ca x P product            < 55 mg2/ dl2 1.0   1.0  

≥ 55 mg2/ dl2  1.4 (0.9-2.0) 0.13  1.0 (0.6-1.8) 0.89 

      

iPTH                             < 150 pg/ml 0.8 (0.5-1.2) 0.18  1.2 (0.5-2.6) 0.69 

          150-300 pg/ml  1.0   1.0  

       > 300 pg/ml 0.5 (0.3-1.0) 0.04  1.1 (0.5-2.8) 0.77 

* Multivariate model contained: Baseline rGFR, calcium, phosphorus, iPTH, age, sex, comorbidity score, nutritional 
status (SGA), systolic and diastolic blood pressure, proteinuria, and use of anti-hypertensive drugs. 
# Number of patients and events in this category is too low to obtain an effect-estimate. 
To convert serum albumin in g/dl to g/l, multiply by 10; plasma calcium in mg/dl to mmol/l, multiply by 0.2495; 
plasma phosphorus in mg/dl to mmol/l, multiply by 0.3229; plasma iPTH in pg/ml to ng/l, multiply by 1. 
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Figure 2. Adjusted curves for decline in RRF over time in categories of (A) plasma calciuma, 

(B) phosphorusb, and (C) Ca x P productc in HD patients 
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* The groups of HD and PD patients with plasma calcium <8.4 mg/dl were too small to obtain reliable effect-
estimates after 24 and 30 months, respectively. P -values for differences between categories (main group effect). 

a Multivariate model: 
time, calcium,  calcium* 
time, phosphorus, iPTH, 
age, sex, co-morbidity, 
nutritional status, systolic 
and diastolic blood 
pressure, proteinuria, use 
of anti-hypertensive 
medication. 
 
 
 
 
 
 
 
 
 

b Multivariate model:  
time, phosphorus, 
phosphorus*time, calcium, 
iPTH, age, sex, co-
morbidity, nutritional 
status, systolic and 
diastolic blood pressure, 
proteinuria, use of anti-
hypertensive medication. 
 
 
 
 
 
 
 
 
 

 

c Multivariate model: time, 
Ca x P product, Ca x P 
product*time, iPTH, age, 
sex, co-morbidity, 
nutritional status, systolic 
and diastolic blood 
pressure, proteinuria, use 
of anti-hypertensive 
medication. 
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Figure 3. Adjusted curves for decline in RRF over time in categories of (A) plasma calciuma, 

(B) phosphorusb, and (C) Ca x P productc in PD patients. 
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a Multivariate model: 
time, calcium,  calcium* 
time, phosphorus, iPTH, 
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and diastolic blood 
pressure, proteinuria, use 
of anti-hypertensive 
medication. 
 
 
 
 
 
 
 
 
 

b Multivariate model:  
time, phosphorus, 
phosphorus*time, calcium, 
iPTH, age, sex, co-
morbidity, nutritional 
status, systolic and 
diastolic blood pressure, 
proteinuria, use of anti-
hypertensive medication. 
 
 
 
 
 
 
 
 
 

 

c Multivariate model: time, 
Ca x P product, Ca x P 
product*time, iPTH, age, 
sex, co-morbidity, 
nutritional status, systolic 
and diastolic blood 
pressure, proteinuria, use 
of anti-hypertensive 
medication. 
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To analyse the decline of RRF over time, we applied general linear mixed models for repeated 

measures. The multivariate model contained calcium, phosphorus, iPTH, systolic and diastolic 

blood pressure, proteinuria, age, sex, comorbidity score, nutritional status, and use of anti- 

hypertensive medication. Results from these analyses are depicted in Figures 2 and 3. Because 

the number of HD and PD patients with plasma calcium less than 8.4 mg/dl was too small, 

effect-estimates from the statistical model after 24 and 30 months, respectively, were unreliable 

and as a consequence we could not compare the rate of decline in RRF in the three groups. 

Both in HD and PD patients, there was no significant difference in the rate of decline between 

the different phosphorus categories. The rate of decline in rGFR was also not significantly 

different in HD and PD patients who had too high Ca x P product levels when compared to 

patients who met the target.   

 

To verify whether the results were influenced by baseline rGFR, we repeated all the mixed 

models-analyses in subgroups of patients with a high or a low baseline rGFR level. Subgroups 

were defined based on the median rGFR value (HD: 3.48 ml/min/1.73 m2; PD: 4.24 

ml/min/1.73 m2). In this additional analysis, we observed similar trends for the rate of decline 

in the different subgroups (data not shown). 

 

Discussion 

 

This study demonstrates that disordered mineral metabolism is not significantly associated with 

rate of decline of RRF in HD and PD patients. Differences in decline in RRF between the 

categories for plasma calcium, phosphorus, Ca x P product, and iPTH concentrations were 

mainly attributable to the baseline rGFR value. Effects were similar in PD patients when 

compared to HD patients.  

 

Our study is the first that examines the role of disturbances in mineral metabolism with 

deterioration of residual renal function in a large cohort of dialysis patients. Several cross 

sectional studies have shown an association of plasma phosphorus concentration with the level 

of RRF in patients with rGFR values less than 40 ml/min. A meta-analysis of these studies has 

shown that a higher protein intake, and consequently a higher phosphorus intake, accelerates 

the decline in renal function in CKD patients.11 This finding is in accordance with a study of 

Schwarz et al. in a historical cohort of male US veterans with CKD stage I to V who were not 

yet on dialysis.13 The authors found in this cohort elevated relative risks of progression of 

CKD (defined as the composite of start of renal replacement therapy or doubling of serum 

creatinine) in patients with higher serum phosphorus and Ca x P product. In our study, the 

first performed in dialysis patients, we applied two methods to study both the long term (Cox 

regression based on baseline values) and short term (general linear mixed models for repeated 

measurements) effects of disordered mineral metabolism. However, neither of those methods 

showed any significant associations with decline in RRF. After adjustment for baseline rGFR 
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level, associations were no longer statistically significant, while in pre-dialysis patients the 

associations were independent of baseline renal function.12-14  

 

We could not detect a significant association between plasma calcium and loss of RRF, while 

some other studies found contradictory results. Moist et al. observed in HD and PD patients 

that higher serum calcium levels were independently associated with decreased risk of RRF 

loss.15 Because only few patients in our study had calcium levels less than 8.4 mg/dl (7% of 

HD and 2% of PD patients), we were unable to draw any firm conclusions about the influence 

of hypocalcaemia. The only significant finding in this study was that elevated iPTH levels were 

associated with a decreased risk of becoming anuric in HD patients. We cannot explain this 

finding based on the available literature. Although there is only little direct experimental or 

clinical evidence for a role of elevated iPTH on progression of renal failure,7 it is difficult to 

link the presence of (secondary) hyperparathyroidism to a decreased risk of becoming anuric. 

 

There are several other factors related to mineral metabolism that might influence the 

progression of CKD, but were not considered in this study. First, there is evidence that 1,25 

(OH)2D3 and its analogues attenuate the progression of kidney failure both in non-

inflammatory and inflammatory models of CKD.7,16 Furthermore, an excess of the novel 

phosphaturic hormone Fibroblast Growth Factor 23 (FGF-23) might be a potential culprit in 

the progression of CKD. A recent study of Fliser et al. demonstrated in a cohort of 227 CKD 

patients, that FGF-23 is an independent predictor of progression of renal disease in patients 

with non-diabetic CKD.17 Unfortunately, FGF-23 was not measured in our study and data on 

vitamin D prescription were only available for a small subset of patients. Also data on other 

medications that could interfere in the relationship between mineral metabolism and the 

decline of RRF, such as phosphate binders and calcimimetics, were incomplete.  

 

Our study has some additional limitations. First, rGFR levels were not available for each 

patient at every time point. Because urine collection was sometimes impossible or unreliable, 

rGFR calculations might have been inaccurate in the final phase of ESRD. We believe, 

however, that this shortcoming hardly influenced our results, because we considered a patient 

as being anuric when urine production was less than 200 ml/24h at two successive time points 

in the study and these lowest values of urine production (and rGFR) were not considered in 

the analyses. We were also unable to determine the decline in RRF during the first three 

months of dialysis treatment. Because rGFR measurements were often missing at the start of 

dialysis, we had to apply the rGFR values measured at three months after the start of dialysis as 

baseline values. Finally, iPTH measurements were not centrally performed, but by various first 

generation immunometric iPTH-assays depending on the different participating centres.  

 

In our study we could not demonstrate that higher plasma phosphorus leads to a faster decline 

in RRF in dialysis patients. However, this hypothesis is well-founded by evidence from animal 

studies. Animal models of CKD showed that a high plasma phosphorus concentration leads to 
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the precipitation and deposition of calcium-phosphorus micro crystals in the tubular lumen, 

peritubular space, capillaries, and the interstitium of the kidney, and is thus responsible for an 

inflammatory reaction. This leads to interstitial fibrosis and tubular atrophy, resulting in 

progressive loss of RRF.18 Additional evidence for a pathophysiological role of phosphorus is 

provided by a rat model of CKD. Rats with CKD that received phosphate-binding drugs, 

showed less intra renal calcium-phosphorus deposition and interstitial fibrosis, and less severe 

renal function loss compared to the rats not receiving such medication.19  

 

Mechanisms similar to those observed in animal models could explain the associations of 

phosphorus concentration with decline in RRF that were observed in studies among pre-

dialysis patients.12-14 The discrepancies between studies in pre-dialysis patients and our study 

indicate that the associations between mineral metabolism and RRF are different, depending 

on the stage of CKD. While disorders of mineral metabolism are important determinants of 

renal function in the pre-dialysis phase, we can speculate that once dialysis treatment has been 

started, there are other factors that are dominating. Possible factors might include fluctuations 

in blood pressure or hypovolemic episodes.20 Keeping mineral metabolism, especially plasma 

phosphorus concentrations, in control can delay the deterioration of RRF during the pre-

dialysis phase, but not anymore during dialysis treatment. Therefore, it is of major importance 

to treat disturbances in mineral metabolism thoroughly before the start of renal replacement 

therapy.   

 

In conclusion, we found that disordered mineral metabolism is not a risk factor for decline of 

RRF in dialysis patients. Differences between categories of plasma calcium, phosphorus and 

Ca x P product levels were mainly attributable to the baseline rGFR value. 

 

Acknowledgements 

 

The authors wish to thank the NECOSAD trial nurses and data managers for data collection 

and management. 

 

References 

 

1.   Merkus MP, Jager KJ, Dekker FW, de Haan RJ, Boeschoten EW, Krediet RT: Predictors of poor outcome in 

chronic dialysis patients: The Netherlands Cooperative Study on the Adequacy of Dialysis. Am J Kidney Dis 

2000; 35: 69-79 

2.   Termorshuizen F, Dekker FW, van Manen JG, Korevaar JC, Boeschoten EW, Krediet RT: Relative 

contribution of residual renal function and different measures of adequacy to survival in hemodialysis 

patients: an analysis of the Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD)-2. J Am 

Soc Nephrol 2004; 5: 1061-1070 

3.   Shemin D, Bostom AG, Laliberty P, Dworkin LD: Residual renal function and mortality risk in hemodialysis 

patients. Am J Kidney Dis 2001; 38: 85-90 

4.   Wang AY, Woo J, Wang M, Sea MM, Sanderson JE, Lui SF, Li PK: Important differentiation of factors that 

predict outcome in peritoneal dialysis patients with different degrees of residual renal function. Nephrol Dial 



Decline of residual renal function 

 73 

Transplant 2005; 20: 396-403 

5.   Bargman JM, Thorpe KE, Churchill DN: Relative contribution of residual renal function and peritoneal 

clearance to adequacy of dialysis: a reanalysis of the CANUSA study. J Am Soc Nephrol 2001; 12: 2158-2162 

6.   Noordzij M, Korevaar JC, Boeschoten EW, Dekker FW, Bos WJ, Krediet RT: The K/DOQI guideline for 

bone metabolism and disease in CKD: association with mortality in dialysis patients. Am J Kidney Dis 2005; 

46: 925-932 

7.   Ritz E, Gross ML, Dikow R: Role of calcium-phosphorous disorders in the progression of renal failure. 

Kidney Int 2005; 68 (Suppl 99): S66-S70 

8.   Wang AY, Woo J, Sea MM, Law MC, Lui SF, Li PK: Hyperphosphatemia in Chinese peritoneal dialysis 

patients with and without residual kidney function: what are the implications? Am J Kidney Dis 2004; 43: 712-

720 

9.   Neves KR, Graciolli FG, dos Reis LM, Pasqualucci CA, Moyses RM, Jorgetti V: Adverse effects of 

hyperphosphatemia on myocardial hypertrophy, renal function, and bone in rats with renal failure. Kidney Int 

2004; 66: 2237-2244 

10.   Barsotti G, Giannoni A, Morelli E, Lazzeri M, Vlamis I, Baldi R, Giovannetti S: The decline of renal function 

slowed by very low phosphorus intake in chronic renal patients following a low nitrogen diet. Clin Nephrol 

1984; 21: 54-59 

11.   Kasiske BL, Lakatua JD, Ma JZ, Louis TA. A meta-analysis of the effects of dietary protein restriction on the 

rate of decline in renal function. Am J Kidney Dis 1998; 31: 954-961 

12.   Voormolen N, Noordzij M, Grootendorst DC, Beetz I, Sijpkens YW, Manen JG, Boeschoten EW, Huisman 

RM, Krediet RT, Dekker FW: High plasma phosphate as a risk factor for decline in renal function and 

mortality in pre-dialysis patients. Nephrol Dial Transplant 2007; 22: 2909-2916 

13.   Schwarz S, Trivedi BK, Kalantar-Zadeh K, Kovesdy CP: Association of disorders in mineral metabolism with 

progression of chronic kidney disease. Clin J Am Soc Nephrol 2006; 1: 825-831 

14.   Norris KC, Greene T, Kopple J, Lea J, Lewis J, Lipkowitz M, Miller P, Richardson A, Rostand S, Wang X, 

Appel LJ: Baseline predictors of renal disease progression in the African American Study of Hypertension and 

Kidney Disease. J Am Soc Nephrol 2006; 17: 2928-2936 

15.   Moist LM, Port FK, Orzol SM, Young EW, Ostbye T, Wolfe RA, Hulbert-Shearon T, Jones CA, 

Bloembergen WE: Predictors of loss of residual renal function among new dialysis patients. J Am Soc 

Nephrol 2000; 11: 556-564 

16.   Tian J, Liu Y, Williams LA, de Zeeuw D. Potential role of active vitamin D in retarding the progression of 

chronic kidney disease. Nephrol Dial Transplant 2007; 22: 321-328 

17.   Fliser D, Kollerits B, Neyer U, Ankerst DP, Lhotta K, Lingenhel A, Ritz E, Kronenberg F: Fibroblast 

Growth Factor 23 (FGF23) Predicts Progression of Chronic Kidney Disease: The Mild to Moderate Kidney 

Disease (MMKD) Study. J Am Soc Nephrol 2007; 18: 2600-2608 

18.   Koizumi T, Murakami K, Nakayama H, Kuwahara T, Yoshinari O: Role of dietary phosphorus in the 

progression of renal failure. Biochem Biophys Res Commun 2002; 295: 917-921 

19.   Cozzolino M, Dusso AS, Liapis H, Finch J, Lu Y, Burke SK, Slatopolsky E: The effects of sevelamer 

hydrochloride and calcium carbonate on kidney calcification in uremic rats. J Am Soc Nephrol 2002; 13: 2299-

2308 

20.   Jansen MA, Hart AA, Korevaar JC, Dekker FW, Boeschoten EW, Krediet RT: Predictors of the rate of 

decline of residual renal function in incident dialysis patients. Kidney Int 2002; 62: 1046-1053 

21.   van Dijk PC, Jager KJ, de Charro F, Collart F, Cornet R, Dekker FW, Gronhagen-Riska C, Kramar R, 

Leivestad T, Simpson K, Briggs JD: Renal replacement therapy in Europe: the results of a collaborative effort 

by the ERA-EDTA registry and six national or regional registries. Nephrol Dial Transplant 2001; 16: 1120-

1129 

22.   Davies SJ, Russell L, Bryan J, Phillips L, Russell GI:  Comorbidity, urea kinetics, and appetite in continuous 

ambulatory peritoneal dialysis patients: their interrelationship and prediction of survival. Am J Kidney Dis 

1995; 26: 353-361 

23.   Visser R, Dekker FW, Boeschoten EW, Stevens P, Krediet RT: Reliability of the 7-point subjective global 

assessment scale in assessing nutritional status of dialysis patients. Adv Perit Dial 1999; 15: 222-225 



Chapter 5 

 74 

24.   Watson PE, Watson ID, Batt RD: Total body water volumes for adult males and females estimated from 

simple anthropometric measurements. Am J Clin Nutr 1980; 33: 27-39 

25.   Daugirdas JT: Second generation logarithmic estimates of single-pool variable volume Kt/V: an analysis of 

error. J Am Soc Nephrol 1993; 4: 1205-1213 

26.   National Kidney Foundation. K/DOQI Clinical Practice Guidelines for Bone Metabolism and Disease in 

Chronic Kidney Disease. Am J Kidney Dis 2003; 42 (Suppl 3): S1-S202 

27.   Portale AA. Blood Calcium, Phosphorus, and Magnesium, in Favus MJ (ed): Primer on the Metabolic Bone 

Diseases and Disorders of Mineral Metabolism (ed 4). Philadelphia, Lippincott Williams & Wilkins, 1999, pp 

115-118 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

High plasma phosphorus as a 

risk factor for decline in renal 

function and mortality  

in pre-dialysis patients 

C
h

a
p

te
r 6

 

Nephrology Dialysis Transplantation 2007; 22: 2909-2916 

Nora Voormolen 

Marlies Noordzij 

Diana C. Grootendorst 

Ivo Beetz 

Yvo W. Sijpkens 

Jeannette G. van Manen 

Elisabeth W. Boeschoten 

Roel M. Huisman 

Raymond T. Krediet 

Friedo W. Dekker 

and the PREPARE Study Group 
 



Chapter 6 

 76 

 

 Background: Hyperphosphataemia is associated with increased mortality in 

patients with chronic kidney disease (CKD) stage IV or on dialysis. 

Furthermore, in animal studies elevated plasma phosphorus has been shown to 

be associated with an accelerated decline in renal function. The aim of this study 

was to determine the association of plasma phosphorus with renal function loss 

and mortality in CKD stage IV and V pre-dialysis patients with a glomerular 

filtration rate (GFR) <20 ml/min/1.73m2. 

 

Methods: Incident pre-dialysis patients were included between 1999 and 2001 

in the multicentre PREPARE study, and followed until 2003 or death. Rate of 

decline in renal function for each patient was calculated by linear regression 

using the Modification of Diet in Renal Disease (MDRD) formula to estimate 

GFR (eGFR).  

 

Results: A total of 448 patients were included [mean (SD) age 60 (15) years, 

eGFR 13 (5.4) ml/min, decline in renal function 0.38 (0.95) ml/min/month]. 

Phosphorus concentration at baseline was 4.71 (1.16) mg/dl, calcium 9.25 (0.77) 

mg/dl and calcium-phosphorus (Ca x P) product 43.5 (10.9) mg2/dl2. For each 

mg/dl higher phosphorus concentration, the mean (95% confidence interval) 

decline in renal function increased with 0.154 (0.071 to 0.237) ml/min/month. 

After adjustment, this association remained [β 0.178 (0.082 to 0.275)]. Seven 

percent of patients died. Crude mortality risk was 1.25 (0.85 to 1.84) per mg/dl 

increase in phosphorus, which increased to 1.62 (1.02 to 2.59) after adjustment.  

 

Conclusions: High plasma phosphorus is an independent risk factor for a 

more rapid decline in renal function and a higher mortality during the pre-

dialysis phase. Plasma phosphorus within the normal range is likely of vital 

importance in pre-dialysis patients.  
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Introduction 

 

In patients with severe chronic kidney disease (CKD), a preserved renal function not only 

postpones dialysis, but once dialysis is initiated, the residual renal function is associated with 

survival as well.1 Several risk factors for more rapid progression of renal function loss have 

been identified, including primary kidney disease, race, baseline renal function, proteinuria, 

blood pressure, poor glycaemic control and smoking. As inconclusive factors dyslipidaemia 

and anaemia are mentioned.2 In addition to these factors, plasma phosphorus has been 

suggested for many years as a potential risk factor for a more progressive decline in renal 

function.3  

 

Recently, a direct association between plasma phosphorus concentration and both decline in 

renal function and renal morphological changes has been shown in a rat model of CKD. Rats 

fed with a diet rich in phosphorus showed a faster decline in renal function compared with rats 

fed with a low phosphorus diet.4 In humans, the main external source of plasma phosphorus is 

protein from diet. The effect of a protein-restricted diet on decline in renal function has been 

studied extensively in CKD patients and shows a small benefit.3,5,6 Together, these data 

support the hypothesis that phosphorus is associated with decline in renal function in humans, 

especially in patients with severe CKD. 

 

Hyperphosphataemia is present in about 50% of dialysis patients and 8% of patients with stage 

IV CKD.7-10 In pre-dialysis and haemodialysis (HD) patients, hyperphosphataemia has been 

shown to be associated with accelerated atherosclerotic lesion formation and cardiovascular 

morbidity.11 Furthermore, several observational studies have shown an association of plasma 

phosphorus and mortality in dialysis patients and in patients with a creatinine clearance 

between 30 and 60 ml/min.7-9,12,13 However, the association of plasma phosphorus with 

mortality in pre-dialysis patients remains to be determined.  

 

The aim of this study was to assess the association of plasma phosphorus with decline in renal 

function in incident pre-dialysis patients with CKD stage IV and V with glomerular filtration 

rate (GFR) <20 ml/min/1.73m2. Second, the association of plasma phosphorus with mortality 

risk was assessed in these patients. 

 

Methods 

 

Patients 

 

Incident patients with CKD stage IV and V at the outpatient clinics of eight hospitals were 

included in the years 1999-2001 when referred to pre-dialysis care. Patients had been referred 

to these outpatient clinics when estimated GFR (eGFR) was <20 ml/min/1.73m2, and the 

need for renal replacement therapy (RRT) was expected within one year. Patients who spent 
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less than one month on pre-dialysis care or with prior RRT were excluded. Additional 

inclusion criteria for the present analysis included the availability of serum phosphorus levels at 

the start of pre-dialysis and at least two measurements of serum creatinine during pre-dialysis 

care. The study was approved by the Institutional Review Boards of the participating hospitals, 

and in concordance with Good Clinical Practice Guidelines. 

 

Study Design 

 

This study was a retrospective follow-up study. The clinical course of incident pre-dialysis 

patients was followed trough the medical charts until start of dialysis, death or 1 January 2003, 

whichever was earliest. Pre-defined data on demography, anthropometry and clinical 

symptoms were extracted from medical records at inclusion and at end of follow-up by 

specially trained trial nurses and medical students. All available data concerning laboratory 

measurements during the pre-dialysis period were extracted from the Hospital Information 

Systems.  

 

Clinical laboratory 

 

Calcium levels were corrected for plasma albumin level.14 Calcium-phosphorus (Ca x P) 

product was calculated as the corrected calcium concentration multiplied by the phosphorus 

concentration, and expressed in mg2/dl2. eGFR was calculated by the abbreviated Modification 

of Diet in Renal Disease (MDRD) formula. The daily protein intake was determined by 

calculating the normalised protein equivalent of nitrogen appearance (nPNA) in a subgroup of 

238 out of 448 patients from three centres with available 24-hour urine samples and corrected 

for total body water according to Watson et al.15,16  

 

Endpoints 

 

The decline in renal function was estimated as the slope of the linear regression line through 

available eGFRs in each individual patient. All available eGFRs collected during follow-up 

were used. Death during pre-dialysis care or within one month after start of RRT was assessed 

from the paper medical records and hospital databases. Causes of death were classified 

according to the ERA-EDTA guidelines.17  

 

Statistical analysis 

 

Data are expressed as mean (SD). Differences between groups were examined by independent 

samples t-tests for continuous variables and chi-square tests for categorical variables. 

Phosphorus, calcium and other variables included in multivariate analysis were baseline values 

assessed at entry in the pre-dialysis clinics. Additional analysis using mean plasma phosphorus 

during the first three months of pre-dialysis care and in subgroups of patients were performed 
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to test the robustness of the results. Linear regression analysis was used to assess the relation 

between the decline in renal function and phosphorus and Ca x P product. In multivariate 

analysis, variables associated with decline in kidney function as mentioned in the National 

Kidney Foundation-Kidney Disease Outcomes Quality Initiative (K/DOQI) review were used. 

These included baseline eGFR, primary kidney disease, haemoglobin level, systolic blood 

pressure and smoking. Other factors corrected for were age, gender and proteinuria.2,18,19 Cox 

proportional hazard analysis was used to estimate crude and adjusted mortality risk during the 

pre-dialysis period. Time from the first pre-dialysis visit until the start of dialysis, death, or end 

of follow-up was used in these models. Variables included in the multivariate model were age, 

gender, kidney function, primary kidney disease and main comorbidities (diabetes, 

cardiovascular disease and malignancy). Data were analysed with SPSS version 12. 

 

Results 

 
A total of 547 incident pre-dialysis patients were identified in the participating hospitals. At 

initiation of pre-dialysis care, phosphorus levels were available in 448 patients. Demographic, 

biochemical and comorbidity characteristics of the included patients are listed in Table 1. At 

least two measurements of eGFR between inclusion and end of follow-up were present in 432 

out of the 448 patients, allowing calculation of the decline in renal function during pre-dialysis 

care in these patients. Patients with available plasma phosphorus levels at start of pre-dialysis 

care were not different from patients without this data with regard to age, sex, and primary 

kidney disease. Median follow up time was 337 days (range 31 to 1442). During follow up 

32.4% started HD and 31.7% peritoneal dialysis, 2.9% were primarily transplanted, 6.7% died 

and 8.9% were referred to a different outpatient clinic (lost to follow-up), while 17.4% 

remained on pre-dialysis care until end of follow-up. 

 

Baseline 

 

For the total group, mean (SD) eGFR was 13 (5.4) ml/min/1.73m2 at baseline. The mean 

plasma phosphorus concentration was 4.71(1.16) mg/dl (Figure 1), plasma calcium was 9.25 

(0.77) mg/dl and Ca x P product was 43.5 (10.9) mg2/dl2. Phosphorus within the target range 

as defined by the K/DOQI guidelines for CKD stage IV (between 2.7 and 4.6 mg/dl) was 

present in 223 out of 448 (50%) of patients.20 Hyperphosphataemia was found in 216 of 448 

(48%) patients and hypophosphataemia only in 9 of 448 (2%) patients. From the 

hyperphosphataemic patients 157 of 216 (73%) had been referred to the pre-dialysis outpatient 

clinic by a nephrologist. Of these patients, 68% had been attending nephrological care for 

more than six months, which is comparable with 64% of the 194 out of 232 (84%) patients 

without hyperphosphataemia. The majority, 364 out of 448 (81%) of the patients had a Ca x P 

product below 55 mg2/dl2, the target defined in the K/DOQI guidelines. These guidelines 

advise measurement of parathyroid hormone (PTH) in all pre-dialysis patients. However, 

laboratory files with PTH measurements at baseline were only available in five centres, where 
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PTH was determined in the majority of patients at baseline [n =144 out of 182 (79%)] as 

recommended in these guidelines. 

 

Table 1. Patient characteristics 

 n =448 

Age (yrs) 60 ± 15 

Gender (% male) 56 

Primary kidney disease (%)*  

     Renal vascular disease/nephrosclerosis 22 

     Diabetes mellitus 17 

     Interstitial nephritis 15 

     Polycystic kidney disease 13 

     Glomerulonephritis 11 

     CRF (unknown origin) 11 

     Multi-system disease 6 

     Other 5 

CrCl1 (ml/min) 17 ± 6.3 

CrCl decline (ml/min/month) -0.51 ± 0.90 

Systolic BP (mmHg) 152 ± 28 

Diastolic BP (mmHg) 84 ± 14 

Comorbidity (%)  

     Diabetes mellitus  27 

     Cardiovascular disease  36 

     Peripheral arterial disease  22 

     Cerebral infarction 9 

     Pulmonary disease  15 

     Malignancy  11 

Smokers and quitters <1 year before inclusion (%) 57 

Phosphorus (mg/dl) 4.71 ± 1.16 

Calcium (mg/dl)† 9.25 ± 0.77 

Ca x P product (mg2/dl2) 43.5 ± 10.9 

Albumin (g/l) 39 ± 5.4 

Haemoglobin (g/dl) 11.0 ± 1.0 

Proteinuria (g/24h) 2.78 ± 2.74 

Mean values  SD are given for continuous variables;  
*According to European Renal Association classification;  
1CrCl, creatinine clearance calculated with the Cockcroft-Gault formula;  
† corrected for albumin concentration. 

 

 

At entry in a pre-dialysis care clinic, 63% (n =288 out of 448) of patients were prescribed a 

phosphate-binding drug. In the patients with a normal plasma phosphorus level this was 59%, 

in the hyperphosphataemic patients only 68% was prescribed a phosphorus-binding drug. 

Mainly calcium-containing phosphate-binding drugs were used. Fifty-five percent of the 

patients were prescribed a protein-restricted diet, with the same distribution among normo- 

and hyperphosphataemic subjects. There were nPNA measurements available in three centres 

where nPNA at the start of dialysis was determined in 81% of patients (n =238 out of 293). 

Mean (SD) nPNA was 1.01 (0.26). 
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Figure 1. Distribution of plasma phosphorus concentrations at start of pre-dialysis care.  

 
Plasma phosphorus can be converted from mg/dl to mmol/l by multiplying with 0.323.  
Bold lines indicate the margins of K/DOQI guideline CKD stage III-IV (2.7-4.6 mg/dl), thin lines indicate the 
margins of K/DOQI guideline CKD stage V (3.5-5.5 mg/dl). 

 

 

Plasma phosphorus level was associated with baseline eGFR (β –2.09, P <0.001). After 

correction for baseline eGFR, higher plasma phosphorus was associated with higher PTH, 

more proteinuria, younger age and the presence of glomerulonephritis or polycystic kidney 

disease (P <0.01 for all). Gender, haemoglobin concentration, nPNA and calcium were not 

associated with phosphorus level after correction for baseline eGFR (P >0.10 for all).  

 

Decline in renal function 

 

The median number of eGFR determinations per patient during the first half year of pre-

dialysis care was 7 (range 2 to 44, mean: 9). Mean (SD) decline in renal function was 0.38 (0.95) 

ml/min/month for the total group. Remarkably, some patients had an improvement in renal 

function during the pre-dialysis care period (Figure 2). The 39 patients who had >0.5 

ml/min/month increase in renal function had a similar baseline renal function [14.9 (5.7) 

ml/min/1.73m2], baseline phosphorus of 4.23 (1.03) mg/dl, age of 66.1 (15.1) years, and time 

on pre-dialysis care 519 (448) days as patients with stable or declining function. Main primary 

kidney disease was less often diabetes (8% versus 17% in the whole group), renovascular 

disease (16% versus 22%) and polycystic kidney disease (5% versus 13%) and more often 
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interstitial nephritis (23% versus 15%). Twenty-six percent of these patients were referred to 

an internal medicine outpatient clinic, 31% remained stable on pre-dialysis care and 13% died 

before start of dialysis, while only 31% started dialysis. 
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Figure 2. Association between plasma phosphorus concentration at the start of pre-dialysis 

care and subsequent decline in renal function during follow-up.  

 
The solid line indicates the regression line for the relation between decline in renal function and plasma phosphorus 
level, dashed lines the upper and lower limit of the 95% confidence interval of the regression line. 

 

 

Plasma phosphorus was significantly associated with decline in renal function: each mg/dl 

higher plasma phosphorus was associated with a 0.154 ml/min/month steeper slope of the 

renal function [95% confidence interval (CI): 0.071 to 0.237]. When the rate of decline was 

adjusted for known risk factors for a faster decline, higher phosphorus remained independently 

associated with a more rapid rate of decline [β (95% CI) 0.178 (0.082 to 0.275) ml/min/month, 

Table 2]. Further adjustment for albumin or nPNA at the start of pre-dialysis did not influence 

the rate of decline in renal function [β 0.178 (0.081 to 0.275) and 0.128 (0.020 to 0.236) 

ml/min/month, respectively]. 

 

To check the robustness of the results, additional analyses were performed. First, the mean 

plasma phosphorus during the first three months after start of pre-dialysis care was calculated 

for each patient. The median (minimum, maximum) number of phosphorus measurements 

during this period was three (2, 19) and the mean (SD) concentration 4.71 (1.18) mg/dl. This 

value of plasma phosphorus was independently associated with decline of renal function as 
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well [β 0.249 (0.154 to 0.345) ml/min/month]. Second, 51 patients had a high plasma 

phosphorus level (>4.6 mg/dl) at entry, which decreased to normal values within three 

months, whereas an additional 51 patients had normal plasma phosphorus (≤4.6 mg/dl) at 

entry, which increased to >4.6 mg/dl after three months.  

 

Table 2. Associations of phosphorus and Ca x P product with rate of decline in renal function 

and mortality. 

Decline Crude β (95%CI) 

per ml/min/month decline 

P Adjusted β (95%CI) 

per ml/min/month decline 

P 

Phosphorus (mg/dl)a 0.196 (0.104 to 0.288) <0.001 0.187 (0.082 to 0.293)* 0.001 

Ca x P (mg2/dl2) 0.018 (0.009 to 0.028) <0.001 0.018 (0.007 to 0.029)† 0.001 

Calcium (0.1 mg/dl)b -0.051 (-0.189 to 0.087) 0.466 0.028 (-0.11 to 0.167)§ 0.693 

     

Mortality Crude HR (95%CI) P Adjusted HR (95%CI) P 

 

Phosphorus  (mg/dl)a 1.25 (0.85 to 1.84) 0.262 1.72 (1.06 to 2.78)‡ 0.028 

Ca x P (mg2/dl2) 1.03 (0.99 to 1.07) 0.173 1.06 (1.01 to 1.12)‡ 0.014 

Calcium (0.1 mg/dl)b 1.11 (0.91 to 1.35) 0.317 1.13 (0.86 to 1.47)‡ 0.379 

N.B. a negative beta is equivalent to an improvement in renal function;  
a A one mg/dl change in plasma phosphorus is equivalent to 0.32 mmol/l change; 
b A one mg/dl change in plasma calcium is equivalent to 0.25 mmol/l change;  
*Adjusted for age, gender, primary kidney disease, baseline CrCl, systolic blood pressure, proteinuria, haemoglobin and 
plasma calcium;  
† Adjusted for age, gender, primary kidney disease, baseline CrCl, systolic blood pressure, proteinuria and 
haemoglobin; 
§ Adjusted for age, gender, primary kidney disease, baseline CrCl, systolic blood pressure, proteinuria, haemoglobin and 
plasma phosphorus;  
‡ Adjusted for age, gender, primary kidney disease, baseline CrCl and comorbidity at baseline (diabetes, cardiovascular 
disease, malignancy and pulmonary disease). 

 

 

Compared with patients with stable plasma phosphorus ≤4.6 mg/dl during these first three 

months of pre-dialysis care, patients with normalisation of plasma phosphorus showed a trend 

towards an improvement in the decline in renal function [β 0.172 (-0.127 to 0.472) 

ml/min/month]. In contrast, those patients in whom plasma phosphorus increased during the 

first 3 months, had a significantly steeper decline compared with patients with stable plasma 

phosphorus [β -0.386 (-0.688 to -0.084) ml/min/month]. The proportion of patients using 

phosphorus binders at entry in the stable-phosphorus group was 61.2%. In the ‘normalised-

phosphorus’ group, 64.7% of patients were prescribed phosphorus-binding drugs, while this 

was 70.5% in the ‘increasing-phosphorus’ group of patients. 

 

Third, in the subgroup of patients from five centres where PTH was available in the majority 

of patients, there was no association between PTH level and decline in renal function [adjusted 

β 0.000 (-0.006 to 0.007)]. Finally, when dichotomised on cut-off points as defined in the 

K/DOQI guidelines, patients with a plasma phosphorus concentration above 4.6 mg/dl had a 

0.187 (0.397 to -0.022) steeper decline of renal function than patients with levels below this 
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cut-off point. When the target for dialysis patients of 5.5 mg/dl was used as cut-off point, this 

decline was faster when compared with patients below this target [β 0.263 (-0.009 to 0.518)]. 

 

Mortality 

 

During pre-dialysis care, 30 out of 448 patients died (6.7%). Causes of death according to 

ERA-EDTA classification in this population were cardiovascular (37%), uraemia (4%), 

malignancy (3%) and unknown (53%). One patient had a car accident. The overall mortality 

risk during pre-dialysis care for each increase of phosphorus level with 1 mg/dl was 1.25 (95% 

CI: 0.85 to 1.84). After adjustment for age, sex and baseline renal function this relation did not 

change substantially [hazard ratio (HR): 1.37; 95% CI: 0.91 to 2.05]. After additional correction 

for primary kidney disease, the risk increased to 1.59 (95% CI: 1.01 to 2.48). Vasculitis (mainly 

SLE) as primary kidney disease was associated with a substantially increased risk of dying, 

while the phosphorus level was relatively low in these patients. After adjustment for age, sex, 

eGFR at baseline, primary kidney disease and important markers of comorbidity (diabetes 

mellitus, cardiovascular disease, COPD and malignancy in medical history) the mortality risk 

increased to 1.62 (95% CI: 1.02 to 2.59, Tables 2 and 3). Further adjustment for albumin at the 

start of pre-dialysis care did not influence the mortality risk substantially (HR: 1.56; 95% CI: 

0.99 to 2.47). Cardiovascular specific mortality could not be analysed reliably due to the low 

number of events. 

 

Table 3. Association of serum phosphorus (mg/dl) with mortality. 

Model of phosphorus adjusted for: HR (95% CI) P 

Crude  1.25 (0.85 to 1.84) 0.262 

Age, sex 1.31 (0.87 to 1.99) 0.193 

+ Baseline renal function 1.42 (0.93 to 2.17) 0.103 

+ Primary kidney disease 1.68 (1.05 to 2.69) 0.030 

+ Malignancy, diabetes, cardio- and cerebrovascular disease 1.70 (1.05 to 2.75) 0.030 

+ Pulmonary disease 1.72 (1.06 to 2.78) 0.028 

Models were constructed stepwise, with addition of confounders by row. The final model (lowest row) included all 
confounders, i.e. age, sex, baseline renal function, primary kidney disease, malignancy, diabetes, cardio- and  
cerebrovascular disease and pulmonary disease. 
 

 

When dichotomised on cut-off points as defined in the K/DOQI guidelines, the adjusted HR 

for plasma phosphorus concentration above 4.6 mg/dl was 1.23 (95% CI: 0.56 to 3.31). When 

the target for dialysis patients of 5.5 mg/dl was used as cut-off point, this risk increased to 3.06 

(95% CI: 1.01 to 9.27). 

 

Discussion 

 

In this population of pre-dialysis patients, high plasma phosphorus level was identified as a risk 

factor for more rapid decline in renal function. This association remained after adjustment for 
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other important risk factors of renal function loss including proteinuria, baseline renal function 

and blood pressure, and therefore, seems to be of significant clinical importance. Furthermore, 

hyperphosphataemia was clearly associated with an increased mortality risk. Notwithstanding 

the known detrimental consequences of hyperphosphataemia and the availability of treatment 

options, 45% of our pre-dialysis patients had hyperphosphataemia at the start of pre-dialysis 

care, while only 60% of these patients were prescribed phosphate-binding drugs. Our data 

imply that more attention for this complication of CKD is necessary.  

 

This is one of the first studies in a large cohort of pre-dialysis patients, showing an association 

of plasma phosphorus level with faster deterioration of renal function, independent of absolute 

renal function. Previously, several cross-sectional studies have shown an association of plasma 

phosphorus concentration with the level of renal function at GFR levels <40 ml/min.21,22 

Furthermore, a meta-analysis has shown that a higher protein intake, which increases 

phosphate intake, accelerates the decline in renal function in CKD patients,5 thereby 

shortening the time to start of dialysis.6 Together with the presented data, these studies support 

the hypothesis that plasma phosphorus is a risk factor for more progressive decline in renal 

function in CKD patients in general and in pre-dialysis patients in particular.  

 

In our patients, an increased mortality risk was associated with a high plasma phosphorus 

concentration. Although the crude risk was 1.25, after correction for primary cause of kidney 

disease and comorbidities this risk increased to 1.62 for each mg/dl increase in plasma 

phosphorus concentration independent of age and gender. This was mostly due to patients 

with multi-system disease or malignancy in their medical history, who had a relatively low 

serum phosphorus, but high mortality. This corrected mortality risk is higher than the 1.33 per 

mg/dl found by Kestenbaum et al.,7 and substantially higher than the approximately 1.05 found 

in HD patients.8,9,12,23 The discrepancies in relative risks found in these studies can be 

explained by the cross-sectional design of the previous studies, which might have induced a 

survival bias. Furthermore, in these studies data were collected from large (national) databases, 

which might not record clinical characteristics of patients as precisely as the nephrologists' 

medical records of patients which may have resulted in a less precise correction for potential 

confounders.  

 

The present study has potential limitations. Only patients with the most advanced stage of 

renal disease before RRT were included in this study. It has been estimated that between 36% 

and 65% of patients with an eGFR <15 ml/min/1.73m2 are not treated by a nephrologist.24 

This may limit generalisability of our results. Second, an advantage of investigating pre-dialysis 

patients is the large variation in both decline in renal function and biochemical abnormalities 

due to uraemia. This increases the likelihood to detect risk factors, which may be too weak to 

be detected in patients with less severe disease.  The variance explained by phosphorus was 

merely 3.6%. However, the variance explained by all other traditional risk factors together was 

only 7.3%, to which phosphorus added an additional 3.1%. This seems a substantial 
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contribution. Moreover, hyperphosphataemia is a potentially treatable risk factor, deserving 

extra attention. Third, we assumed the decline in renal function to be linear in this late stage of 

renal function loss. Although on theoretical grounds an exponential decline could be expected, 

linearity is a reliable assumption in this latest stage of renal function loss as previously shown 

by others.18 Fourth, a low plasma phosphorus concentration is possibly associated with an 

increased mortality in HD patients.8,25 However, since very few patients had a low plasma 

phosphorus concentration, it was impossible to investigate this association in our study. Fifth, 

the number of patients dying in our pre-dialysis population was lower than expected in a 

population with CKD stage IV and V. It can be argued that those patients who died during the 

first month after initiation of dialysis should be attributed to pre-dialysis care. However, when 

including these deaths, the relative mortality risk remained unchanged (HR: 1.57; 95% CI: 1.05 

to 2.36). Finally, due to the retrospective method of data collection, with unfixed time points 

resulting in an unbalanced design, a time averaged or time varying analysis of the association of 

plasma phosphorus and endpoints was technically not realisable. This analysis would be 

important, especially if pre-dialysis care has a large impact on plasma phosphorus level. 

However, the majority of patients were known to a nephrologist previously, with no difference 

in prevalence of hyperphosphataemia between patients known longer or shorter than six 

months to a nephrologist. Furthermore, after three months of care, 22.6 % of patients who 

had initially normal phosphorus levels became hyperphosphataemic at six months, while 9.8 % 

started dialysis. Of the patients with hyperphosphataemia 22.6% had normal phosphorus after 

six months, while 6.0% started dialysis. Therefore it is unlikely that this will influence our 

results in a major way.  

 

The association between plasma phosphorus concentration and the decline in renal function 

can be explained pathophysiologically by the ‘precipitation-calcification hypothesis'.26 Animal 

models of CKD have shown that a high plasma phosphorus concentration leads to the 

deposition of calcium phosphorus crystals in either the mitochondria of tubular cells or renal 

interstitium. This may cause cell damage and mitogenesis of fibroblasts, resulting in progressive 

loss of renal function.27,28 Further evidence for a pathophysiological role of phosphorus is 

provided by a rat model of CKD. When given phosphate-binding drugs, these rats with CKD 

show less intrarenal calcium phosphorus deposition and interstitial fibrosis, and less severe 

renal function loss compared to the rats not receiving such medication.29 In our study, the 

effect of phosphorus and the Ca x P product on the decline in renal function was comparable. 

This can easily be explained by the fact that the product term is mainly driven by the 

phosphorus concentration and because hypocalcaemia was rare. Therefore, the association of 

phosphorus concentration with progressive decline in our study could be due to mechanisms 

similar to those observed in animal models.  

 

Alternatively, the association of phosphorus and decline in renal function could be due to the 

incapability of the metabolism to adapt to long-term high phosphorus levels. Factors 

contributing to deregulation of the calcium phosphorus balance may be a rapid renal function 
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loss with massive phosphorus retention or a direct imbalance in calcification inhibiting factors 

caused by the severity of renal disease.30 In a subgroup of our patients, phosphorus 

concentration was closely related to PTH concentration, independently of baseline renal 

function and calcium level (data not shown). However, even if plasma phosphorus would be 

merely a marker of rapidly progressive disease rather than a pathophysiological agent itself, it is 

an important and available parameter to identify patients at high risk for progression of renal 

function loss. 

 

The association of phosphorus and (cardiovascular) mortality is thought to be mediated 

through an increase in cardiovascular disease.31 The relation of phosphorus and cardiovascular 

disease is supported by the fact that patients with CKD and hyperphosphataemia have 

increased vascular calcification of large and small arteries.13,32 This is further supported by 

recently developed mouse models with a defect in the klotho or fibroblast growth factor 23 

(FGF-23)-genes.33 Both of these genes are linked to the phosphorus homeostasis, possibly 

through the same pathway.33 Interestingly, klotho-defect mice, who are fed a phosphate-

containing diet, develop cardiovascular calcification similar to those seen in dialysis patients. 

When phosphorus is restricted from the diet, klotho-defect mice develop normally, which 

confirms an important role of phosphorus in increased cardiovascular mortality in CKD 

patients.34 Furthermore, FGF-23 seems to be a promising determinant of phosphorus 

homeostasis since it has been linked to inhibition of phosphorus reabsorbtion in the kidney in 

in vitro studies and is elevated in patients with chronic renal failure.35 

 

Our data have clinical implications. Several guidelines have been developed for the optimal 

regulation of phosphorus in both stage IV and V CKD, because of the serious implications of 

long-standing hyperphosphataemia, and the availability of various treatment options. In the 

framework of K/DOQI, multidisciplinary work groups based their guidelines for CKD stage 

IV partly on studies in dialysis patients and partly on expert opinion, due to the absence of 

evidence in pre-dialysis patients. The present study shows that hyperphosphataemia in pre-

dialysis patients is not only related to a higher mortality, but also to an increased decline in 

renal function. The present study underlines the importance of plasma phosphorus 

concentrations within the normal range in pre-dialysis patients.  
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 Background: Several studies found associations between higher plasma 

calcium and phosphorus and mortality in dialysis patients. However, different 

predefined categories and reference values were applied and the precise shape 

of these relationships remains unclear.  

 

Methods: We evaluated 1621 patients from NECOSAD, a prospective 

multicentre cohort study of incident dialysis patients (60 ± 15 years, 61% male, 

64% haemodialysis). We used multivariate Cox regression and restricted cubic 

spline regression to study effects of time-updated plasma concentrations on 

mortality in a flexible manner. 

 

Results: 486 patients (30%) died during follow-up. Elevated phosphorus 

concentration was associated with higher mortality (P =0.0009). The association 

of high calcium with mortality was borderline significant (P =0.07). Within the 

studied ranges, we could not identify a threshold where an appreciable change 

in mortality risk occurred. 

 

Conclusions: Mortality risk started to increase at a relatively low phosphorus 

concentration (4.5 mg/dl). Low-normal calcium combined with low-normal 

phosphorus concentration was associated with the lowest mortality. 
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Introduction 

 

Disturbances in mineral metabolism such as hypercalcaemia and hyperphosphataemia are 

common in patients suffering from chronic kidney disease (CKD). In 2003 the Kidney Disease 

Outcomes Quality Initiative (K/DOQI) of the National Kidney Foundation published their 

guideline for bone metabolism and disease in CKD to assist nephrologists in developing an 

integrated approach to the diagnosis and management of mineral metabolism disorders.1 This 

guideline recommends tight control of serum calcium, phosphorus, and calcium-phosphorus 

product (Ca x P product) concentrations. K/DOQI advises to keep plasma calcium and 

phosphorus concentrations within a given range, and to keep the Ca x P product below an 

upper limit, thus assuming that an appreciable change in mortality does not occur until the 

plasma concentrations exceed a certain threshold.  

 

Recent studies have demonstrated that achievement of these guidelines is low in both 

haemodialysis (HD) and peritoneal dialysis (PD) patients. The vast majority of patients have 

plasma concentrations outside the target ranges as recommended by K/DOQI, and especially 

the proportions of patients with elevated plasma calcium and phosphorus concentrations are 

distressing.2-5 In our previous studies, the proportion of patients with a plasma calcium 

concentration higher than the target range was almost 60%, and approximately 50% of the 

patients had plasma phosphorus concentrations above target.2 These proportions are similar to 

those found in other international studies.2-4 Our findings indicate that maintaining a plasma 

concentration within the presently advised target ranges is difficult in daily clinical practice.  

 

Several observational studies in dialysis patients, including studies based on data from the 

United States Renal Data System (USRDS) and the Dialysis Outcomes and Practice Patterns 

Study (DOPPS), have demonstrated strong associations of abnormalities in mineral 

metabolism, such as elevated serum calcium, phosphorus, and Ca x P product concentrations, 

with all-cause and cardiovascular mortality.2,6-11 In these studies, a variety of predefined 

categories and reference values for plasma concentrations have been applied. However, it 

should be kept in mind that these associations are dependent on the categorization. Analysis 

based on a pre-determined categorisation does not allow for an unrestricted assessment of the 

relationships between plasma calcium and phosphorus concentrations and mortality risk. 

Therefore, the precise shapes of the curves describing these relationships remain unclear. A 

smoothing technique such as spline regression, which requires neither categorisation nor an 

assumption on the shape of the relation between plasma concentration and mortality, is a more 

appropriate method for exploring these relations.  

 

In the current study we aimed to examine the precise shape of the relationship of plasma 

calcium, phosphorus, and Ca x P product concentrations with all-cause mortality risk in a 

prospective cohort of incident dialysis patients in the Netherlands.  
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Methods 

 

Patients 

 

The Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD) is a large 

prospective multicentre cohort study in which ESRD patients are followed from the start of 

dialysis until transplantation or death. In 38 out of the 50 dialysis units in the Netherlands all 

ESRD patients who started chronic dialysis treatment between 1997 and 2004 were 

consecutively invited to participate in the study. To be included, patients had to be 18 years or 

older and dialysis had to be their first renal replacement therapy. We selected patients who had 

data on mineral metabolism available three months after the start of dialysis (baseline visit).  

The study was approved by all local medical ethics committees and all patients gave informed 

consent before inclusion. Patients were followed until transplantation, death, or 1 January 

2005.  

 

Data collection 

 

Data on demography, primary kidney disease, and comorbidity were collected zero to four 

weeks before the start of dialysis treatment. During follow-up, data on residual renal function, 

biochemistry and dialysis characteristics were collected at fixed time points three and six 

months after the start of dialysis, and at six-monthly intervals thereafter.  

 

Primary kidney disease and causes of death were classified according to the codes of the 

European Renal Association-Dialysis and Transplantation Association (ERA-EDTA).12 

Patients were classified as having no, intermediate or severe comorbidity based on the number 

of comorbid conditions according to Davies’ comorbidity index.13 The nutritional status was 

scored on the standardised seven-point scale of the Subjective Global Assessment (SGA) 

which is based on the clinical judgment of the dialysis nurse.14 We defined malnourishment as 

an SGA score of five or lower. Dialysis dose, expressed as Kt/Vurea per week, was calculated as 

dialysis urea clearance, divided by urea distribution volume (V) according to Watson et al.15 For 

HD patients dialysis urea clearance was calculated using a second-generation Daugirdas 

formula and for PD patients Kt/Vurea was calculated from a 24-hour dialysate collection.16  

 

Plasma calcium, phosphorus, intact parathyroid hormone (iPTH), and albumin were measured 

by standard laboratory techniques in the different centres. Plasma calcium concentrations 

(mg/dl) were corrected for albumin concentration (g/dl) using the formula recommended by 

K/DOQI and generally applied in clinical practice [Corrected calcium = calcium + 0.8 * (4 - 

albumin)].1,17 The K/DOQI guideline for bone metabolism and disease in CKD that was 

published in October 2003, recommends a serum concentration of corrected calcium between 

8.4 and 9.5 mg/dl (2.10 and 2.37 mmol/l) and a serum phosphorus concentration between 3.5 

and 5.5 mg/dl (1.13 and 1.78 mmol/l). Ca x P product concentration should be less than 55 
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mg2/dl2 (<4.4 mmol2/l2). Because most patients started dialysis treatment before the 

introduction of the K/DOQI guidelines, nephrologists probably did not aim for these targets. 

The resulting large variation in plasma concentrations enabled us to study the effects of these 

plasma concentrations on outcome.  

 

Statistical analysis 

 

Patients were divided into the HD or PD group based on their treatment modality three 

months after the start of dialysis. To examine differences between HD and PD patients at 

baseline we applied t-tests for continuous variables and chi-square tests for categorical 

variables.  The variable iPTH was skewly distributed and was therefore log-transformed for 

further analysis. 

 

Time-dependent Cox proportional hazards models were used to estimate relative risks of death 

associated with time-updated plasma calcium and phosphorus concentrations. In addition, we 

used restricted cubic spline regression, a flexible statistical technique to evaluate the association 

between plasma concentrations and mortality.18 Five knots were used for the analysis and were 

placed at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles of the calcium and phosphorus 

distributions. Spline functions are used to represent smoothly varying relationships between a 

predictor (plasma concentration) and the response (mortality risk), which can take on virtually 

any shape. Moreover, spline functions can help to prevent the problems that result from 

inappropriate categorisation.18,19  Adjustments were made for a number of possible 

confounding effects selected from the available literature. Covariates included calcium, 

phosphorus, log iPTH, age, Kt/Vurea per week, albumin level, and haemoglobin level as time-

updated continuous variables, which were modelled via restricted cubic splines. In addition, the 

model contained the categorical variables primary kidney disease, Davies’ comorbidity score, 

and nutritional status at baseline.  

 

We started with a model in which we allowed all effects to be different for HD and PD 

patients by means of including interactions of dialysis modality with all potential confounding 

variables in the model. Moreover, we included an interaction of calcium with phosphorus. A 

test for interaction between dialysis modality and all potential confounding variables was 

applied. When there was no statistically significant interaction between the confounders and 

treatment modality, we removed this interaction from the model. The effects of calcium and 

phosphorus on all-cause mortality risk for specific levels of the other marker were plotted 

graphically, to determine precisely the shape of the curves that describe the relationships. 

Median plasma calcium and phosphorus concentrations were utilised as reference values.  

 

Statistical analyses were performed using the R Statistical Package version 2.3.0 (R Foundation 

for Statistical Computing, Vienna, Austria; URL http://www.R-project.org) and SAS statistical 

software version 9.1 (SAS Institute, Cary, NC). P <0.05 was considered statistically significant. 
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Results 

 

Description 

 

From a total of 1753 eligible patients, the number of patients who met the inclusion criteria 

was 1621. When compared to the included patients, excluded patients had significantly more 

often renal vascular disease and less often diabetes mellitus and glomerulonephritis as the 

primary kidney disease. Other baseline characteristics were not different for the included and 

excluded patients. Baseline characteristics of the included patients are listed in Table 1.  

 

Table 1. Patient characteristics three months after the start of dialysis (n =1621) 

Treatment modality (% HD) 64 

Age (years)* 59 (15) 

Gender (% males)* 61 

Primary Kidney Disease (%)* 

     Diabetes mellitus 

     Glomerulonephritis 

     Renal vascular disease 

 

16 

14 

17 

Comorbidity score (%)* 

     Low 

     Moderate 

     High 

 

46 

45 

10 

Dialysis Kt/Vurea (/week)   

     HD 

     PD 

 

2.79 (0.85) 

1.51 (0.41) 

Albumin (g/dl) 3.61 (0.52) 

Haemoglobin (g/dl)* 11.1 (1.61) 

Nutritional status (% malnourished)* 28.1 

Corrected calcium (mg/dl)* 

   IQR calcium (mg/dl)a 

9.76 (1.02) 

[9.10 ; 10.28] 

Phosphorus (mg/dl)* 

   IQR phosphorus (mg/dl)a 

5.63 (1.70) 

[4.37 ; 6.63] 

Ca x P product (mg2/dl2)* 

   IQR Ca x P product (mg2/dl2)a  

54.8 (17.1) 

[42.8 ; 65.0] 

iPTH (pg/ml)b 

   IQR iPTH (pg/ml)a 

123.5  

[49.4 ; 275.5] 

Mean values (SD) are presented for continuous variables.  
To convert plasma albumin in g/dl in g/l, multiply by 10; plasma calcium in mg/dl to mmol/l, multiply by 0.2495; 
plasma phosphorus in mg/dl to mmol/l, multiply by 0.3229; plasma iPTH in pg/ml to ng/l, multiply by 1. 
* P< 0.05, HD versus PD patients.  
a IQR, Interquartile Range, lower (p25) and upper quartile (p75) of observations [p25 ; p75] 
b Skewly distributed, median is presented. 

 

 

At baseline, plasma calcium concentrations ranged from 7.6 to 12.7 mg/dl and plasma 

phosphorus concentrations from 2.6 to 10.6 mg/dl (1st to 99th percentiles). Most patients had 

higher plasma calcium and phosphorus concentrations than advised in the K/DOQI guideline 

and only few patients had plasma calcium (6%) and phosphorus (8%) concentrations below 
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the K/DOQI target range. Percentages of patients who had plasma concentrations below, at, 

or above the K/DOQI target ranges during follow-up are listed in Table 2.  

 

Table 2. Percentages achievement of K/DOQI-targets for calcium, phosphorus, and Ca x P 

product per year since start of dialysis treatment 

Years after starting 

dialysis 

1 2 3 4 5 

N* 1621 1269 859 549 332 

Calcium     

< 8.4 mg/dl 

8.4-9.5 mg/dl    

>9.5 mg/dl 

% 

6 

36 

59 

% 

3 

26 

71 

% 

2 

21 

77 

% 

1 

21 

78 

% 

2 

16 

82 

Phosphorus 

< 3.5 mg/dl 

3.5-5.5 mg/dl 

> 5.5 mg/dl 

 

8 

43 

49 

 

8 

43 

49 

 

7 

45 

47 

 

11 

41 

48 

 

9 

43 

47 

Ca x P product 

<55 mg2/dl2 

≥55 mg2/dl2  

 

56 

44 

 

52 

48 

 

51 

49 

 

52 

48 

 

55 

45 

*N, number of patients. The percentages for each year represent the distribution among patients alive and in follow-up  
through this year.  
K/DOQI guideline ranges: serum calcium 8.4-9.5 mg/dl, serum phosphorus 3.5-5.5 mg/dl, Ca x P product <55  
mg2/dl2. To convert plasma calcium in mg/dl to mmol/l, multiply by 0.2495; plasma phosphorus in mg/dl to mmol/l,  
multiply by 0.3229. 

 

 

Mortality risk 

 

The maximal follow-up time was 7.8 years (1997-2005). Median follow-up time was 4.2 years 

(50 months) for HD patients and 6.5 years (78 months) for PD patients. 486 patients (30%) 

died during the study.  

 

In the most general model, comprising interactions of all possibly confounding variables with 

treatment modality, the overall interaction effect was not statistically significant (P =0.64) and 

in the further analyses we did not include these interaction terms. We continued with a model 

containing only interactions of calcium with phosphorus, and of calcium or phosphorus with 

treatment modality.  

 

High plasma calcium was significantly related with an increased risk of death in the HD group 

(P =0.038), but not in the PD group (P =0.39), and the effect of calcium for the total group 

was borderline significant (P =0.07). Increased plasma phosphorus concentration was 

significantly associated with a higher all-cause mortality risk (P =0.0009), both in HD (P 

=0.0049) and in PD patients (P =0.025). No significant interactions between calcium or 

phosphorus and treatment modality were found (P =0.09) and graphs were created for HD 

and PD patients combined. We plotted the effects on mortality risk of calcium and 
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phosphorus for specific levels of the other marker graphically. Smoothed curves with 95% 

confidence intervals are shown in Figures 1 and 2. Figure 1A demonstrates that mortality risk 

increased as plasma calcium increased at a low plasma phosphorus concentration of 3.5 mg/dl. 

However, at higher plasma phosphorus concentrations of 5.5 and 7.0 mg/dl, this effect 

became less pronounced. The effects of plasma calcium concentration on risk of death 

appeared to be linear and the null-hypothesis that the relationship between plasma calcium 

concentration and mortality risk is linear, could not be rejected (P =0.75). 

 

A        B           C 

 
 

Figure 1. Relative risks of mortality for phosphorus concentrations of 3.5 mg/dl (A), 5.5 

mg/dl (B), and 7.0 mg/dl (C) according to calcium concentration. 

 

* Multivariate relative risks were estimated from a restricted cubic spline Cox regression model. Point estimates are 
indicated by a solid line and grey fields represent 95% confidence intervals. The median plasma phosphorus 
concentration was used as reference point.  

 

 

As depicted in Figure 2, increasing plasma phosphorus concentrations were associated with an 

increasing mortality risk and the relative mortality risk already started to increase at a plasma 

concentration of 4.5 mg/dl (1.45 mmol/l), especially at a low plasma calcium concentration of 

8.4 mg/dl. At an elevated plasma calcium concentration of 11 mg/dl this effect was less 

distinct.  The curves in Figure 2 suggest two thresholds, one around 4.5 mg/dl and one around 

6 mg/dl. In accordance, the null-hypothesis that the relationship between plasma phosphorus 

and risk of death is linear, could almost be rejected (P =0.07). These graphs show that a low-

normal calcium concentration combined with a low-normal phosphorus concentration is 

optimal to reduce all-cause mortality risk to a minimum. 



Reassessment of the K/DOQI guideline 

 99 

 A     B      C 

 
 

Figure 2. Relative risks of mortality for calcium concentrations of 8.4 mg/dl (A), 9.9 mg/dl 

(B), and 11.0 mg/dl (C) according to phosphorus concentration. 

 

* Multivariate relative risks were estimated from a restricted cubic spline Cox regression model. Point estimates are 
indicated by a solid line and grey fields represent 95% confidence intervals. The median plasma calcium concentration 
was used as reference point.  

 

 

Given the eight years of enrolment into the study, the analyses were repeated with an 

additional adjustment for time of study entry (before or after 1 January 2001) to account for 

unmeasured changes in practice or availability of therapies. These additional adjustments did 

not alter our findings. Because 19% of the patients switched therapy during the study period 

we repeated the analyses using a model in which we censored patients at the moment that they 

switched treatment modality. This additional analysis did not affect our results in any way (data 

not shown). 

  

Discussion 

 

In the current study we confirmed that high plasma phosphorus concentrations are 

significantly associated with increased mortality risk in dialysis patients. The effects of plasma 

calcium concentrations on the risk of death were only borderline statistically significant. We 

could not identify a certain threshold where an appreciable change in mortality risk occurred 

within the ranges we studied for plasma calcium and phosphorus concentrations. This finding 

does not fully support the target thresholds recommended in the K/DOQI guideline for bone 

metabolism and disease in CKD.1 Moreover, we demonstrated that the risk of death already 

started to increase at a plasma phosphorus concentration of 4.5 mg/dl (1.45 mmol/l) and that 

a low-normal calcium concentration combined with a low-normal phosphorus concentration is 

optimal to minimise all-cause mortality risk. 
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These findings suggest that the current K/DOQI guideline might improve by lowering the 

present upper threshold for phosphorus from 5.5 to 4.5 mg/dl. However, achieving and 

maintaining such low plasma phosphorus concentrations has proven to be a major problem in 

daily clinical practice. Although more than 90% of both HD and PD patients used phosphate-

binding drugs from the start of dialysis onward, plasma phosphorus concentrations remained 

elevated (>5.5 mg/dl) in approximately half of the patients. Data on the type and dose of 

phosphate-binding medication were not available in our study, but since non-calcium-

containing phosphate binders were not yet available during the greater part of the study period, 

we assume that the majority of patients were treated with either calcium acetate or calcium 

carbonate. Therefore, the elevated plasma calcium and the low iPTH concentrations that we 

observed could have been caused by the use of calcium-based phosphate binders and vitamin 

D analogues. Since we did not find any effect of plasma iPTH concentrations on 

(cardiovascular) mortality risk in our studies,2,10 we focused on plasma calcium, phosphorus 

and Ca x P product concentrations in the current study. 

 

Our study might have some limitations. First, data on the type and dose of medication related 

to mineral metabolism, such as phosphate binders and vitamin D analogues, were not 

available. Second, the numbers of patients that had plasma calcium below 8.4 mg/dl and 

phosphorus concentrations below 3.5 mg/dl were extremely low. At baseline, only 6% of the 

patients had hypocalcaemia and 8% had hypophosphataemia. Therefore it was impossible to 

draw any firm conclusions about the mortality risks that were associated with plasma calcium 

and phosphorus concentrations in these low ranges.  

 

In the past decade several studies have been performed to determine the association between 

mineral metabolism and mortality in dialysis patients. In 6407 prevalent HD patients from the 

USRDS, Block et al. observed increased relative risks of death of 1.27 (P <0.001) for serum 

phosphorus concentrations above 6.5 mg/dl (2.1 mmol/l) compared to patients with serum 

concentrations between 2.4 and 6.5 mg/dl (0.8-2.1 mmol/l).6 In DOPPS, a cohort of 17236 

HD patients, increased relative risks of cardiovascular death were observed in patients with 

elevated phosphorus and Ca x P product concentrations.9 Also in our study population we 

found that elevated plasma phosphorus and Ca x P products, according to the current 

K/DOQI guideline, were associated with increased mortality risk both in HD and PD 

patients.2 However, in all the above mentioned studies different predefined cut-off points were 

applied.  

 

Only a few studies reported associations of low serum calcium and phosphorus concentrations 

with mortality risk. Two recent studies from the United States found U-shaped associations 

between calcium and phosphorus and sudden death in HD patients,7,11 but these results were 

not confirmed in the DOPPS,9 and we could also not detect these effects in our patients. 

These discrepancies could be due to differences in methodology and the substantially larger 
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sample size of these American studies. We are not aware of any other publications that studied 

the effects of hypocalcaemia or hypophosphataemia on mortality risk in PD patients. 

 

In conclusion, increased plasma phosphorus concentrations were significantly associated with 

higher risk of death in dialysis patients and mortality risk already started to increase at a 

relatively low phosphorus concentration of 4.5 mg/dl. In addition, the combination of low-

normal calcium with low-normal phosphorus concentration was associated with the lowest risk 

of death. These findings do not fully support the current targets as recommended in the 

K/DOQI guideline for bone metabolism and disease in CKD. 
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 Background: Previous studies showed that simple imaging methods might be 

useful for detection of vascular calcifications in dialysis patients. Based on 

annual, plain chest X-rays during follow-up on dialysis, we studied the 

associations of mineral metabolism with progression of aortic calcification. 

Moreover, we assessed the impact of progression on mortality.  

 

Methods: 384 patients who started haemodialysis or peritoneal dialysis between 

1997 and 2007 were included (age 61±15 years, 64% male, 61% haemodialysis). 

Annual chest X-rays were screened for calcification in the aortic arch and 

patients were categorised as having no, moderate, or severe calcification. 

Progression was defined as an increase in calcification-category during follow-

up on dialysis. 

 

Results: At baseline, 96 (25%) patients had severe, 205 (53%) patients had 

moderate, and 83 (22%) patients had no aortic calcification. For 237 of the 288 

patients with no or moderate calcifications at baseline, X-rays were available for 

follow-up. During a mean follow-up time of 2.3 years, 71 patients (30%) had 

progression of aortic calcification. We found that baseline plasma calcium >9.5 

mg/dl and iPTH >300 pg/ml were associated with progression (odds ratios of 

3.1; 95% confidence interval [CI]: 1.2 to 8.2, and 4.4; 95% CI: 1.4 to 14.1, 

respectively). Progression of aortic calcification was significantly associated with 

increased risk of all-cause mortality (hazard ratio: 1.9; 95% CI: 1.2 to 3.1) and 

cardiovascular mortality (hazard ratio: 2.7; 95% CI: 1.3 to 5.6). 

 

Conclusion: Aortic calcification progressed in almost a third of the patients 

during dialysis. Hypercalcaemia and hyperparathyroidism were associated with 

an increased risk of progression. Progression of aortic calcification was 

significantly related to an increased mortality risk. 
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Introduction 

 

Cardiovascular disease (CVD) is the leading cause of death in dialysis patients; about 50% of 

these patients die from cardiovascular causes.1,2 Traditional risk factors for CVD, such as 

advanced age, hypertension, and smoking can not fully explain the high prevalence. In addition 

to these traditional risk factors, disorders of mineral metabolism, such as elevated calcium and 

phosphorus concentrations, are associated with increased cardiovascular morbidity and 

mortality, as has been shown in previous studies.1,3-5  

 

It had been hypothesised that disturbances of mineral metabolism play a role in cardiovascular 

disease and mortality via the development of vascular calcifications.6-8 In addition, a lack of 

calcification inhibitors, such as fetuin-A and Matrix GLA protein (MGP), could play a role in 

the development of vascular calcification.9,10 In a recent study we showed that low levels of 

fetuin-A were not only related to cardiovascular mortality but also to non-cardiovascular 

mortality.  Thus, fetuin-A can be seen as a general marker for mortality in dialysis patients.11  

 

There are several methods to detect vascular calcifications. Sophisticated CT techniques such 

as electron beam CT (EBCT) and spiral CT have proven to be adequate to reproducibly 

quantify calcifications in coronary arteries and the aorta.6,12,13 A recent study of Bellasi et al. 

showed that simple non-invasive measurements of calcifications may provide equally useful 

information.14 In their study of 140 prevalent haemodialysis (HD) patients these authors 

demonstrated a good correlation between simple imaging tests, i.e. X-rays of the lumbar 

abdominal aorta, and more sophisticated measurements obtained with EBCT. These less 

expensive and readily available methodologies might therefore be very useful for screening 

dialysis patients for vascular calcification.14 

 

In this study we aimed to examine associations of parameters of mineral metabolism with the 

progression of aortic calcification, based on annual, plain chest X-rays during follow-up on 

dialysis. We also assessed whether (progression of) aortic calcification led to an increased risk 

of all-cause and cardiovascular mortality.  

 

Subjects and Methods 

 

Subjects 

 

Between January 1997 and August 2007, incident HD and peritoneal dialysis (PD) patients in 

38 dialysis units in the Netherlands were consecutively invited to participate in the Netherlands 

Cooperative Study on the Adequacy of Dialysis (NECOSAD), a large prospective multicentre 

cohort study. To be included, patients had to be 18 years or older and dialysis had to be their 

first renal replacement therapy. All patients gave informed consent before inclusion and the 

study was approved by the local medical ethics committees. Patients were followed from the 
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start of dialysis treatment until transplantation, mortality, or 1 August 2007. In addition to the 

standard data collection, data on vascular calcifications were retrospectively collected in four of 

the dialysis centres that participated in NECOSAD (n =455). These centres were chosen for 

logistic reasons, i.e. the number of patients and the availability of X-rays. 

 

Data collection procedures 

 

Information on demography, primary kidney disease and comorbidity were collected zero to 

four weeks before the initiation of dialysis treatment. Data on residual renal function, 

biochemistry and dialysis characteristics were collected at fixed times three (baseline visit) and 

six months after the start of dialysis and thereafter at six-monthly intervals.  

 

Primary kidney disease and causes of death were classified according to the codes of the 

European Renal Association- European Dialysis and Transplant Association (ERA-EDTA).15 

Cardiovascular mortality was defined as: code 0 (cause of death uncertain/not determined), 11 

(myocardial ischemia and infarction), 12 (hyperkalaemia), 14 (other causes of cardiac failure), 

15 (cardiac arrest, cause unknown), 17 (hypokalaemia), 18 (fluid overload), 22 (cerebrovascular 

accident), 26 (haemorrhage from ruptured vascular aneurysm) and 29 (mesenteric infarction). 

All other codes were regarded as deaths of non-cardiovascular origin.  

 

Patients were classified as having no, intermediate or severe comorbidity based on the number 

of comorbid conditions according to Davies’ comorbidity index.16 Residual renal function was 

expressed as residual glomerular filtration rate (rGFR), calculated as the mean of creatinine and 

urea clearance adjusted for body surface area (ml/min/1.73 m2).  

 

Laboratory analyses 

 

In HD patients blood samples were drawn before and after a monitoring dialysis session and 

again before the following dialysis session. Plasma calcium, phosphorus and albumin were 

measured using standard laboratory techniques depending on the participating centre. Calcium 

concentrations (mg/dl) were corrected for albumin concentrations (g/dl) using the formula 

[Corrected Calcium = Calcium + 0.8 * (4 - albumin)].17,18 Baseline plasma concentrations were 

evaluated both as continuous variables and in reference to the targets advised in the K/DOQI 

guideline for bone metabolism and disease in chronic kidney disease.17 This guideline 

recommends serum concentrations of corrected calcium between 8.4 and 9.5 mg/dl (2.10 and 

2.37 mmol/l), serum phosphorus between 3.5 and 5.5 mg/dl (1.13 and 1.78 mmol/L), 

calcium-phosphorus (Ca x P) product less than 55 mg2/dl2 (<4.4 mmol2/l2) and iPTH 

concentrations between 150 and 300 pg/ml (15.8 to 31.6 pmol/l). In addition, analyses were 

repeated using the mean value of the concentrations at three and six months after start of 

dialysis. 
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Serum fetuin-A, undercarboxylated matrix GLA protein (ucMGP), and high sensitivity C-

reactive protein (hsCRP) measurements were available for 160 of the patients. Serum was 

harvested by centrifugation of clotted blood and serum samples were stored at –80°C before 

analysis. Analysis of serum hsCRP was performed by means of particle enhanced 

immunonephelometry using a standard “CardioPhase hsCRP” for “BNII” (Dade Behring 

Holding GmbH, D-65835 Liederbach, Germany). CRPI or CRPII assay protocols were used 

when appropriate. Inter-day precision controls revealed variation coefficient below 6%. We 

defined inflammation as an hsCRP value of 10 mg/l or higher. 

 

The nephelometry method for fetuin-A employs a high specificity antibody and has been 

described in detail elsewhere.11 In brief, the measurement has been evaluated in a side-by-side 

comparison with immunoblot analysis to exclude cross-reactivity of the antibodies with other 

serum proteins and proteolytic fragments of fetuin-A. Cross-reaction with fetuin-B was 

excluded.  

 

Serum ucMGP was measured with a novel method using Anti-ucMGP (VitaK BV, Maastricht, 

The Netherlands); which was described elsewhere.19 The intra-assay variation coefficient was 

5.9% and the inter-assay variation coefficient, determined from repetitive measurements of 

control serum, was 16.4%. 

 

Calcifications 

 

The baseline calcification score was determined between six months before and 12 months 

after the start of dialysis. Successive X-rays were collected once a year during follow-up on 

dialysis treatment. The presence of vascular calcification in the aortic arch was scored based on 

plain lateral chest X-rays. We excluded X-rays that were made while the patient was in lying 

position or that were made acutely at the emergency department, because of not standardised, 

inferior quality of the X-rays. Two of the authors (MN, LE) scored all X-rays, the majority of 

them independently. In case of disagreement between the observers, the calcification score was 

determined by mutual agreement or, in doubtful cases, in consultation with an independent 

third observer. In all cases of disagreement between the observers consensus was reached.  

 

Patients were categorised as having no, moderate, or severe aortic arch calcifications. As an 

example, chest X-rays of patients with these three calcification scores are shown in Figure 1. 

Progression of calcification was defined as an increase in the severity of calcification on the last 

available X-ray when compared with the baseline X-ray. Patients with a stable calcification 

burden or a decline of calcification score were combined as “stable patients”. 
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Figure 1. Examples of aortic calcification scores based on plain lateral chest X-rays. 
 
A. No calcification 

 
 
B. Moderate calcification 

 
 
C. Severe calcification 

     



Progression of aortic calcification 

 109 

Statistical analysis 

 

Differences between groups of patients with no, moderate and severe calcification at baseline 

were calculated using standard descriptive statistics. ANOVA tests were applied to examine 

differences in continuous variables. Chi-square tests with tests for trend (Cochran-Armitage 

trend test) were used to compare distributions of dichotomous or categorical data. A P-value 

<0.05 was considered to indicate statistical significance. 

 

To study the associations between parameters of mineral metabolism and the risk of 

progression of vascular calcification we applied crude and adjusted logistic regression models. 

The multivariable statistical model comprised the variables age, sex, treatment modality (HD or 

PD), time between the first and the last available X-ray, diabetes mellitus (as primary cause of 

kidney failure or as comorbidity) and baseline plasma calcium, phosphorus, and iPTH 

concentration. To calculate odds ratios (ORs) for Ca x P product, we applied a similar model 

with no adjustment for calcium and phosphorus. The subgroup of patients in whom fetuin-A, 

ucMGP, and hsCRP were measured, was analysed separately. For this group only unadjusted 

ORs were calculated because the sample size was too small to fit an appropriate multivariate 

model.   

 

Survival curves for patients with no, moderate, and severe aortic calcification and for patients 

with and without progression of aortic calcification were created by means of Kaplan-Meier 

analysis. Hazard ratios (HRs) for all-cause and cardiovascular mortality risk associated with the 

presence and the progression of aortic calcification were calculated using crude and adjusted 

Cox proportional hazards regression. Mortality risks related to the presence of aortic 

calcification were calculated based on the time between the start of dialysis and censoring or 

death and the multivariable model contained the variables age, sex, treatment modality and 

diabetes mellitus. To be able to determine progression, patients had to fulfil two criteria. First, 

their initial aortic calcification score had to be below the ceiling score, so no or moderate aortic 

calcification at baseline. Second, they had to have at least two X-rays available for evaluation. 

For patients who fulfilled both criteria, the risk of dying (HR) started on the day that the last 

available X-ray was taken (left censoring). Once more, we adjusted for age, sex, treatment 

modality, diabetes mellitus, and, in addition, for the time between the first and the last 

evaluated X-ray. 

 

All statistical analyses were performed using SAS statistical software version 9.1 (SAS Institute, 

Cary, NC). 
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Table 1. Baseline characteristics of patients with no, moderate, and severe aortic  

calcification (AC) in the aortic arch (n =384) 

 
 No  

AC 

 Moderate  

AC 

 Severe  

AC 

 P-value 

Number (%) 83 (22%)  205 (53%)  96 (25%)   

Age (years) 46 (16)  62 (13)  72 (9)  <.0001 

Sex (% male) 68  64  59  0.46 

Modality (%HD) 45  62  76  0.0002 

Primary Kidney Disease (%) 

     Diabetes Mellitus 

     Glomerulonephritis 

     Renal vascular disease 

 

17 

11 

10 

  

15 

13 

14 

  

10 

4 

21 

 0.11 

Comorbidity score (%) 

     Low 

     Moderate 

     Severe   

 

63 

33 

4 

  

53 

39 

8 

  

51 

38 

11 

 0.26 

Cardiovascular Disease (%) 17  37  52  0.0001 

Diabetes Mellitus (%)a 25  27  31  0.78 

rGFR (ml/min/1.73m2) 3.5 (2.3)  3.6 (2.3)  3.6 (3.5)  0.95 

Smoking (%) 

     Former 

     Current 

 

26 

23 

  

48 

17 

  

47 

25 

 0.05 

BMI (kg/m2) 25.2 (5.7)  25.2 (5.0)  24.1 (3.6)  0.26 

Blood pressure (mmHg) 

     Systolic 

     Diastolic 

     Pulse pressure 

 

142 (20) 

83 (10) 

60 (18) 

  

149 (19) 

82 (10) 

66 (17) 

  

146 (20) 

78 (10) 

68 (18) 

  

0.06 

0.009 

0.008 

Albumin (g/dl) 3.52 (6.21)  3.38 (5.31)  3.16 (4.12)  0.0001 

Corr. calcium (mg/dl) 10.2 (1.1)  10.1 (1.2)  10.1 (0.9)  0.70 

Phosphorus (mg/dl) 5.6 (1.7)  5.9 (1.7)  6.0 (1.8)  0.26 

Ca x P product (mg2/dl2) 57.1 (17.8)  59.6 (17.9)  60.1 (18.7)  0.51 

iPTH (pg/ml) 186 (220)  228 (243)  262 (266)  0.16 

CRP (mg/l)b 8.5 (13.4)  12.1 (19.7)  30.4 (47.4)  0.002 

Fetuin-A (g/l) b 0.69 (0.19)  0.63 (0.16)  0.58 (0.15)  0.03 

ucMGP (nmol/l) b 191 (87)  176 (69)  172 (62)  0.54 

Antihypertensive drugs (%) 

     ACE inhibitors 

     AII receptor blockers 

     Beta blockers 

     Calcium antagonists 

 

20 

9 

26 

30 

  

19 

6 

26 

29 

  

16 

7 

27 

22 

  

0.74 

0.80 

0.98 

0.33 

Diuretics (%) 21  23  22  0.92 

Coumarin derivates (%) 4  6  17  0.007 

Phosphate binders (%) 95  94  88  0.19 

Continuous variables are means (SD). P-values for ANOVA test (continuous variables) or Chi squared test (categorical 
variables).  To convert plasma albumin in g/dl in g/l, multiply by 10; calcium in mg/dl to mmol/l, multiply by 0.2495; 
phosphorus in mg/dl to mmol/l, multiply by 0.3229. 
a Diabetes mellitus as comorbidity, not as the primary kidney disease. 
b CRP and fetuin-A values were available for 146 patients and ucMGP values for 139 patients (22% no AC, 56% 

moderate AC and 22% severe AC).    
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Results 

 

Patients 

 

From a total of 455 patients X-rays were collected. Baseline patient characteristics, i.e. age, 

gender, treatment modality and mortality rate of the included patients were not statistically 

significantly different from those of the total study population of NECOSAD (data not 

shown). For 27 patients there were no appropriate X-rays available and for 44 patients X-rays 

were only available outside the time window defined as baseline. The remaining 384 patients 

were included in the analyses. The baseline calcification score was determined at a mean (SD) 

time of 1 (3.1) months after the start of dialysis. At baseline, there were 83 patients (22 %) who 

did not have aortic calcifications in their aortic arch, 205 patients (53%) with moderate and 96 

patients (25%) with severe calcifications.  

 

Baseline characteristics of patients with no, moderate, and severe calcifications are summarised 

in Table 1. Parameters of mineral metabolism at baseline, i.e. plasma calcium, phosphorus, 

iPTH concentrations, Ca x P product, and the use of phosphate binding agents were not 

significantly associated with the presence of aortic arch calcifications. Fetuin-A and albumin 

concentrations were significantly lower and CRP levels significantly higher in patients with 

aortic calcifications when compared to patients without calcifications. Older patients had 

significantly more aortic arch calcifications. In addition, more heavily calcified patients were 

more often treated with HD (P <0.0001), and had more cardiovascular disease (P <0.0001). 

Moderate and severe calcifications were associated with a lower diastolic blood pressure, and a 

higher pulse pressure. Finally, coumarin derivates were significantly more often prescribed to 

patients with aortic calcification (P =0.003).  

 

Progression of aortic calcification 

 

The median number of available X-rays per patient was 3 (range 1 to 9). For 237 of the 288 

patients with no or moderate calcifications at baseline, X-rays were available for follow-up. For 

these patients the change in calcification score between the first and the last chest X-ray was 

calculated. The mean (SD) follow-up time between the first and the last X-ray was 2.3 (1.8) 

years. Seventy-one patients (30%) had progression of vascular calcification during follow-up. 

In addition, five patients with moderate and seven patients with severe calcification at baseline 

had a decrease in calcification score. In Figure 2 these proportions are presented. The 

subgroup of patients with at least three years between their first and their last X-ray (n =92), 

showed a progression in 37%. 
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Figure 2. Changes in aortic calcification score during follow-up (n =237).  

 

Mean (SD) time between baseline calcification score and the last available score was 27 (22) months. 

 

 

We studied the relationships between clinical variables, i.e. parameters of mineral metabolism, 

and progression in vascular calcification using logistic regression analysis. In the crude analyses 

only higher age and longer time between the first and the last evaluated X-ray were significantly  

associated with higher risk of progression of aortic calcification. Higher concentrations of 

fetuin-A were associated with a borderline significant OR of 1.26 [95% confidence interval 

(CI): 0.98 to 1.62], while ucMGP and hsCRP were not associated with progression. In the 

adjusted analyses we found that baseline plasma calcium >9.5 mg/dl (OR: 3.1; 95% CI: 1.2 to 

8.2), baseline plasma iPTH >300 pg/ml (OR: 4.4; 95% CI: 1.4 to 14.1), higher age (OR: 1.04; 

95%CI: 1.01 to 1.07), and longer time between the first and the last evaluated X-ray (OR: 1.05; 

95% CI: 1.03 to 1.07) were significantly associated with an increase in calcification score over 

time. Results from the unadjusted and adjusted analyses are listed in Table 2. The analyses of 

the calcification-progression were repeated applying calcium, phosphorus and iPTH 

concentrations averaged over the first six months on dialysis. These supplementary analyses 

did not alter our findings (data not shown). Additional adjustment for the use of coumarin 

derivates at baseline did also not affect our results in any way (data not shown). 
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Table 2. Crude and adjusted odds ratios (ORs) for the risk of progression of aortic 

calcification (n =237) 

 Crude OR  

(95% CI) 

P-value  Adjusted OR  

(95% CI)  

P-value 

     

Calcium 

     < 8.4 mg/dl 

     > 9.5 mg/dl 

 

2.19 (0.55-8.73) 

1.92 (0.93-3.93) 

 

0.27 

0.08 

  

1.77 (0.27-11.38) 

3.07 (1.15-8.17) 

 

0.55 

0.02 

Phosphorus 

     < 3.5 mg/dl 

     > 5.5 mg/dl 

 

0.55 (0.11-2.78) 

0.74 (0.42-1.32) 

 

0.47 

0.31 

  

0.38 (0.05-2.80) 

0.49 (0.23-1.06) 

 

0.34 

0.07 

Ca x P product 

     > 55 mg2/dl2 

 

1.09 (0.61-1.93) 

 

0.77 

  

1.00 (0.51-1.96) 

 

0.99 

iPTH 

     < 150 pg/ml 

     > 300 pg/ml 

 

1.72 (0.75-3.95) 

1.79 (0.71-4.48) 

 

0.20 

0.22 

  

1.62 (0.58-4.53) 

4.36 (1.35-14.05) 

 

0.35 

0.01 

Age (years) 0.97 (0.95-0.99) 0.0095  1.04 (1.01-1.07) 0.0038 

Male gender 1.35 (0.74-2.46) 0.33  1.37 (0.65-2.93) 0.41 

HD treatment 0.84 (0.48-1.47) 0.53  0.76 (0.33-1.73) 0.51 

Time between X-rays (months) 1.04 (1.03-1.06) <0.0001  1.05 (1.03-1.07) <0.0001 

Diabetes Mellitus 1.13 (0.58-2.21) 0.72  1.43 (0.64-3.21) 0.39 

      

Fetuin-A (0.1 g/l) 1.26 (0.97-1.63) 0.08  #  

ucMGP  (nmol/l) 1.00 (0.99-1.00) 0.37  #  

hsCRP 

     > 10 mg/l 

 

1.13 (0.45-2.84) 

 

0.80 

  

# 

 

Multivariable model: adjusted for age, sex, treatment modality, time between the first and the last evaluated X-ray, 
calcium, phosphorus, iPTH, and diabetes mellitus.  
To convert plasma calcium in mg/dl to mmol/l, multiply by 0.2495; to convert phosphorus in mg/dl to mmol/l, 
multiply by 0.3229. 
# hsCRP and fetuin-A values were available for 146 and ucMGP values for 139 patients.  For these patients only 
unadjusted ORs are reported because sample size was too small to fit a multivariable model. 
  

 

Aortic calcification at baseline and mortality risk 

 

The maximal follow-up time was 10 years (1997-2007). In the 83 patients without calcifications 

at baseline the median follow-up time was 7.6 years and 25 (30%) died during the study. 

Median follow-up was 4.9 years in patients with moderate calcifications and 80 patients (39%) 

died in this group. Finally, in the group with severe calcifications, median follow-up time was 

2.6 years and 58 patients (60%) died. Kaplan-Meier curves for survival in patients with no, 

moderate and severe calcification are shown in Figure 3a. Crude mortality risk was significantly 

different in the three groups and the highest mortality risk was observed in patients with severe 

aortic calcification (Log rank P <0.0001).  

 

Cox regression models were used to calculate crude and adjusted HRs for all-cause and 

cardiovascular mortality risk, which are presented in Table 3a. In unadjusted analyses, we 

found that mortality risk was significantly increased in patients with severe calcifications (HR: 
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1.9; 95% CI: 1.4 to 2.6) when compared to patients who had no or moderate aortic 

calcifications. No statistically significant association was found after adjusting for age. In a 

survival analysis for cardiovascular causes of death specifically, similar results were obtained. 
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Figure 3a. Kaplan-Meier curves for mortality in patients with no, moderate and severe aortic 

calcifications (n =384). Log rank, P <0.0001 

 

 

Table 3a. Crude and adjusted hazard ratios (HR) for the risk of all-cause and cardiovascular 

mortality associated with the presence of aortic calcification (AC, n =384) 

 Crude HR  

(95% CI) 

P-value  Adjusted HR  

(95% CI)  

P-value 

     

All-cause mortality      

No to moderate AC 1.0   1.0  

Severe AC 1.9 (1.4-2.6) 0.0001  1.2 (0.8-1.7) 0.40 

      

Cardiovascular mortality     

No to moderate AC 1.0   1.0  

Severe AC 1.8 (1.1-2.9) 0.02  1.2 (0.7-2.1) 0.46 

      

Multivariable model: adjusted for age, sex, treatment modality, and diabetes mellitus. 
 

 

Progression of aortic calcification and mortality risk 

 

Kaplan-Meier curves for patients with and without progression of aortic calcification are 

displayed in Figure 3b (n =237). The median follow-up time since the last evaluated X-ray was 

2.2 years in the patients without progression and 51 of 166 patients (31%) died in this group. 
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In the patients with progression, median follow-up time since the last X-ray was 0.9 years and 

33 of 71 patients (46%) died. Patients with progression had a significantly higher mortality risk 

than patients without progression (Log Rank P =0.0005). 
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Figure 3b. Kaplan-Meier curves for mortality in patients with and without progression of 

aortic calcification (n =237). Log rank, P =0.0005 

 

 

Both in the unadjusted and the adjusted Cox regression analysis, progression of aortic 

calcification was significantly associated with increased risk of all-cause mortality (adjusted HR: 

1.9; 95% CI: 1.2 to 3.1) and cardiovascular (adjusted HR: 2.7, 95% CI: 1.3 to 5.6) mortality. 

HRs for mortality risk related to progression of aortic calcification are listed in Table 3b.  

 

 

Table 3b. Crude and adjusted hazard ratios (HR) for the risk of all-cause and cardiovascular 

mortality associated with the progression of AC (n =237) 

 Crude HR  

(95% CI) 

P-value  Adjusted HR  

(95% CI)  

P-value 

     

All-cause mortality      

No progression of AC 1.0   1.0  

Progression of AC 1.8 (1.1-2.7) 0.01  1.9 (1.2-3.1) 0.01 

      

Cardiovascular mortality     

No progression 1.0   1.0  

Progression of AC 2.2 (1.2-4.2) 0.02  2.7 (1.3-5.6) 0.008 

      

Multivariable model: adjusted for age, sex, treatment modality, diabetes mellitus, and the time between the first and the 
last evaluated X-ray.   
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Discussion 

 

In the current study, we assessed the associations of parameters of mineral metabolism with 

the progression of aortic calcification in incident dialysis patients based on annual chest X-rays 

during follow-up on dialysis. Elevated baseline plasma calcium and iPTH concentrations, 

higher age, and longer time between the first and the last evaluated X-ray were associated with 

a higher risk of progression of aortic calcification. Moreover, we found that progression of 

aortic calcification was associated with significantly increased risk of both all-cause and 

cardiovascular mortality. 

 

Vascular calcifications are common in the general population; 20 to 30% of people of 65 years 

or older have calcification in the aorta.20 In ESRD patients this proportion is substantially 

higher. We found that 78% of 384 incident HD and PD patients had moderate to severe 

vascular calcification in their aortic arch at the start of dialysis treatment. This percentage is in 

accordance with other studies that reported proportions ranging from 54 to 100%.21  

 

A valuable strength of our study is the repeated evaluation of calcification scores, which made 

it possible to study the development of calcification over time. During dialysis treatment, one 

third of the patients who had no or moderate calcifications at the start of dialysis showed 

progression of vascular calcification. Progression was associated with hypercalcaemia, 

hyperparathyroidism, higher age, and longer time between the first and the last evaluated X-

ray. Although we could not demonstrate any effects of hyperphosphataemia or elevated Ca x P 

product on progression, the greater part of our findings are in accordance with findings from 

previous studies that examined the progression of calcification in dialysis patients.13,22-24 The 

majority of these studies had a shorter follow-up period than our study and found higher 

proportions of patients that showed progression during dialysis. This could be due to the 

applied method to determine progression of calcification. Assessing aortic calcification on the 

basis of plain chest X-rays is less sensitive when compared to CT techniques. In the studies of 

Block et al.22 and Stompor et al.23 EBCT and multislice spiral CT were applied to assess the 

calcification score. These CT techniques have proven to be adequate to reproducibly quantify 

calcifications in coronary arteries and the aorta. Because of the more precise quantification of 

these methods, the presence and progression of calcification are therefore more likely to be 

detected, which could explain the higher proportions of patients with progression.  

 

We were not able to apply CT techniques due to the retrospective design of our study and their 

limited availability in the Netherlands. A recent study of Bellasi et al. showed that simple non-

invasive measurements of calcifications, i.e. X-rays of the lumbar abdominal aorta, correlate 

well with more sophisticated measurements obtained with EBCT.7 It is currently unknown 

whether the calcification of the aortic arch has the same predictive properties as calcification of 

the abdominal aorta. Additional studies are therefore needed to assess whether screening for 
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aortic calcification based on chest X-rays correlates equally well with EBCT as screening for 

calcification based on lumbar aortic X-rays does. 

 

Our study has some potential limitations. First, although the national guideline recommends 

making a chest X-ray annually, X-rays were not available for every patient and for each year. 

We believe that this did not considerably influence our results, because we calculated the 

difference in calcification score independent of the time period between X-rays. Second, data 

on the prescribed phosphate binding medication was incomplete. More than 90% of the 

patients were administered phosphate binders. However, the type and dosage of prescribed 

phosphate binders, as well as the prescription of vitamin D analogues, in our study was not 

known. Finally, we were unable to draw any firm conclusions about the relationships with 

fetuin-A, ucMGP, and hsCRP levels due to the small number of measurements that were 

available. 

 

Few studies investigated the relationship between vascular calcification and outcomes in 

patients with CKD.25-27 Wang et al. found that calcification of the aortic- and mitral valves, 

determined based on echocardiography, were independently associated with all-cause and 

cardiovascular mortality in PD patients.25 In addition, London et al. used soft-tissue radiograms 

of the pelvis and hip to demonstrate that HD patients with both intimal and medial arterial 

calcification have a strongly increased risk of death when compared with patients without 

vascular calcification (adjusted hazard ratios: 15.7 and 4.85, respectively).26 In our study we 

found associations between severe aortic calcification at baseline and all-cause and 

cardiovascular mortality as well. However, these associations were non-significant after 

adjustment for age. These different findings might be due to the different locations of the 

calcifications. The significant associations of progression of calcification and increased 

mortality risk are in concordance with a previous study that investigated the progression of 

calcification and outcome.24 

 

The most commonly mentioned mechanism that could explain the associations between 

disorders of mineral metabolism and mortality, is the development of vascular calcifications. 

For decades vascular calcification in dialysis patients was attributed to secondary 

hyperparathyroidism and metastatic calcification in which elevated calcium and phosphorus 

concentrations precipitate in the form of hydroxyapatite in the vessels. Recently it has been 

shown that calcification is not a passive, but an active and regulated process in which extra 

osseous bone formation occurs in the vascular wall, stimulated by several factors including 

phosphorus. This active process might explain our finding that there were five patients with 

moderate and seven patients with severe calcification at baseline who showed a decrease in 

calcification score. Aortic calcification has been shown to be related to aortic aneurysms and 

claudication8 and mechanical properties have a profound influence on survival in dialysis 

patients.28,29 In addition, vascular calcification itself has been linked to an increased aortic 
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stiffness.27 This increased stiffness leads in theory to a higher pulse pressure, which is a 

predictor for myocardial infarction and cardiovascular death.30  

 

Based on plain chest X-rays, we found in this study that calcification of the aortic arch was 

common in dialysis patients and it progressed in almost a third of the patients during follow-up 

on dialysis. Hypercalcaemia and hyperparathyroidism were associated with a higher risk of 

progression. Moreover, progression of aortic calcification was significantly associated with an 

increased risk of both all-cause and cardiovascular mortality. 
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Disorders of mineral metabolism, such as hypercalcaemia, hyperphosphataemia, and 

hyperparathyroidism, are common in patients suffering from end-stage renal disease (ESRD). 

Moreover, some studies showed that these potentially modifiable disorders play a role in the 

high mortality rates that are observed in ESRD patients. Therefore the American Kidney 

Diseases Outcomes Quality Initiative (K/DOQI) of the National Kidney Foundation 

published their guideline for bone metabolism and disease in chronic kidney disease (CKD) in 

2003.1 In this guideline K/DOQI recommends tight control of serum calcium, phosphorus, 

calcium-phosphorus (Ca x P) product and intact parathyroid hormone (iPTH) concentrations. 

The aim of the research reported in this thesis was to evaluate this K/DOQI guideline by 

assessing the effects of disordered mineral metabolism on important clinical outcomes in 

incident haemodialysis (HD) and peritoneal dialysis (PD) patients in the Netherlands. In this 

chapter we summarise our findings and comment on them. We also provide recommendations 

for clinical practice and offer directions for future research. 

 

Results 

 

In their guideline, K/DOQI recommends serum concentrations of albumin-corrected calcium 

between 8.4 and 9.5 mg/dl (2.10 and 2.37 mmol/l), and serum concentrations of phosphorus 

between 3.5 and 5.5 mg/dl (1.13 and 1.78 mmol/l). Ca x P product concentrations should be 

maintained at less than 55 mg2/dl2 (<4.4 mmol2/l2) and iPTH concentrations should be in the 

range of 150 to 300 pg/ml (ng/l). We studied achievement of these targets by dialysis patients 

in the Netherlands (Chapter 2) and found that three months after the start of dialysis therapy 

the majority of patients had plasma calcium and phosphorus concentrations higher than the 

range advised by K/DOQI. The target for Ca x P product was met by about 55% of the 

patients, while more than half the patients had plasma iPTH concentrations less than the 

proposed target range. Joint achievement of all targets was low: only about 5% of the patients 

achieved all four targets. This low achievement was not only observed shortly after the start of 

dialysis, but remained rather stable during the following five years on dialysis treatment. 

 

In the subsequent chapters of this thesis we described how disorders of mineral metabolism 

according to the K/DOQI guideline are associated with poor clinical outcomes. We showed 

that hyperphosphataemia and an elevated Ca x P product are associated with an increased risk 

of all-cause (Chapter 2) and cardiovascular mortality (Chapter 3) in both HD and PD patients. 

In addition, elevated plasma concentrations of calcium, phosphorus, and Ca x P product 

appear to be risk factors for muscle- and skin complaints (Chapter 4). Finally, elevated plasma 

calcium and iPTH concentrations were found to be associated with an increased risk of 

progression of vascular calcification in the aortic arch. The effects of disordered plasma 

calcium, phosphorus, Ca x P product and iPTH concentrations on clinical outcomes in dialysis 

patients are summarised in Table 1.  
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In conclusion, we showed in this thesis that disorders of mineral metabolism are common in 

both HD and PD patients in the Netherlands, and that only a small proportion adheres to the 

targets as advised in the K/DOQI guideline for bone metabolism and disease in CKD. We 

demonstrated that these disorders are associated with important negative clinical outcomes, 

such as increased all-cause mortality and an increased cardiovascular mortality, more 

cardiovascular hospital admissions, and more muscle and skin problems. Our findings 

therefore support a strict control of mineral metabolism in dialysis patients. However, keeping 

mineral metabolism under control might not be as simple as it seems. The studies presented in 

this thesis, as well as other studies from the United States and from Europe, clearly indicate 

that it is very difficult for dialysis patients and their attending nephrologists to regulate mineral 

metabolism.2-4 

 

Control of mineral metabolism: a “mission impossible”? 

 

Several factors could play a role in the low achievement of the currently advised targets. First 

of all, it is possible that nephrologists were not fully aware of the importance of keeping 

mineral metabolism under control and were not aiming for these targets. To examine the 

influence of the introduction of the K/DOQI guideline in October 2003, we evaluated the 

achievement of the targets proposed in this guideline before and after 2004. We found that 

achievement had only slightly improved after 1 January 2004 and we can speculate that the 

publication of the guideline for bone metabolism and disease in CKD only marginally 

improved regulation of mineral metabolism.  

 

Secondly, it is extremely difficult to determine the optimal treatment strategy in disorders of 

bone and mineral metabolism, because the interactions between plasma concentrations 

mutually and with different types of medications are complicated. For example, the use of 

calcium-based phosphate-binding agents lowers plasma phosphorus concentration but it also 

causes an elevation of the plasma calcium concentration, which can lead to an undesired 

hypercalcaemia. The prescription of vitamin D to suppress PTH levels also causes an increase 

in calcium and phosphorus levels through the absorption from food in the intestine and an 

increased release from the bone. So, despite the broad range of available medication and the 

efforts of dedicated nephrologists to create treatment algorithms for application in daily clinical 

practice, an instant solution is still not available. The currently available types or dosages of 

medication may not be sufficient to treat these persistent disorders, indicating that the 

development of new or improved drugs should be encouraged.  

 

Central to achievement of the treatment targets is the adherence of patients to dietary advice 

and prescribed medication. Adherence refers to “the extent to which a person’s behaviour, i.e. 

taking medication, following a diet and executing lifestyle changes, corresponds to the agreed 

recommendations from a health care provider”.5 Dialysis patients are told what to eat, how 

much to drink and what medication regimen, consisting of an average of 12 different drugs,6 to 
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follow in often complex schedules. It is therefore not surprising that patients do not adhere all 

the time to what they have been prescribed. Previous studies have pointed out that adherence 

of dialysis patients to their therapy is often poor.7,8 There are currently no standards for 

measuring adherence in dialysis patients. High plasma phosphorus concentrations are often 

seen as a marker for both dietary and medication incompliance since diets high in phosphorus 

and not taking phosphate binders are clearly associated with elevated phosphorus levels. 

Within our study we observed that despite the fact that at least 90% of the patients had been 

administered phosphate-binding agents, mean phosphorus concentrations were still too high. 

This could point to poor adherence of the patients. However, there are patients with 

hyperphosphataemia with good adherence who simply do not respond well to some types of 

phosphate binders. In addition, high plasma phosphorus level may be due to dietary 

incompliance or to inadequate dialysis therapy and is therefore not the best choice as an 

adherence measure. To improve adherence, we need more attention to adequate measurement 

of compliance, to simpler dosage regimens, and to the education and stimulation of patients.  

 

For all of the above mentioned reasons, keeping mineral metabolism under control in dialysis 

patients often seems a “mission impossible” to many nephrologists.  

 

Differences between HD and PD patients 

 

An important strength of the NECOSAD cohort is that it includes both HD and PD patients. 

This gave us the opportunity to evaluate the current K/DOQI guideline, which was primarily 

directed at HD patients, in both patient groups.  

 

Although it has been shown that a somewhat better control of serum phosphorus is possible in 

patients on continuous ambulatory peritoneal dialysis (CAPD) compared to those on HD,11,12 

phosphorus control is problematic in PD patients as well. The majority of the PD patients in 

NECOSAD were treated with CAPD (87%) and had a significantly lower mean plasma 

phosphorus concentration than HD patients three months after the start of dialysis (5.37 

versus 5.79 mg/dl, P <0.0001). We found that a large proportion of both HD (53%) and PD 

(41%) patients had plasma phosphorus concentrations exceeding the target-range advised in 

the K/DOQI guideline, indicating that phosphorus retention is, like in HD, a major problem 

in PD patients.  

 

Considering phosphorus balance there are some differences between HD and PD treatment.9 

Due to obligatory protein losses via the peritoneal fluid, CAPD patients are often prescribed a 

high-protein diet containing 1.2-1.3 g/kg/day, which provides a phosphate intake of up to 

1200 mg/day.10 Effective phosphorus removal with dialysis is therefore essential. With PD 

treatment on average 315 mg/day (2200 mg/week) of phosphorus is removed from the body, 

which is less than with different types of HD treatment.11 The elimination of phosphorus in 

PD patients depends on the dwell volume and the glucose concentration of the dialysate.12 
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Additional gastrointestinal elimination of phosphorus by oral phosphate-binding agents is 

necessary in almost all patients to achieve a neutral phosphorus balance.  

 

There were no marked differences between the two patient groups in the effects of disturbed 

mineral metabolism on treatment outcome. The findings from our studies were comparable 

for HD and PD patients and the few differences in outcomes that we found appeared to be 

non-significant after adjustment for patient characteristics, such as age and general state of 

health. 

  

Differences between dialysis and pre-dialysis patients  

 

Disorders of mineral metabolism develop early in the course of CKD. A decrease in 1,25-

dihydroxy vitamin D and an increase in PTH are the first mineral metabolism alterations in 

CKD which occur from the moment that the residual renal function drops below 60 

ml/min/1.73 m2 (CKD stage III). The increase in PTH is generally associated with calcium and 

phosphorus levels within the normal range. Once secondary hyperparathyroidism progresses to 

an uncontrolled stage it is associated with elevated calcium, phosphorus, and Ca x P product. 

So, disorders of mineral metabolism are already present before the initiation of dialysis 

treatment. 

 

To investigate problems of mineral metabolism in the pre-dialysis phase, we focussed in 

Chapter 6 on CKD patients who had a glomerular filtration rate (GFR) <20 ml/min/1.73m2 

but who were not yet on dialysis. We found that hyperphosphataemia and an elevated Ca x P 

product in these patients were, as in dialysis patients, associated with an increased mortality 

risk. Moreover, hyperphosphataemia was related to a higher rate of decline of residual renal 

function (RRF). This latter finding is in accordance with other studies performed in pre-dialysis 

patients,13,14 but is in contrast with our findings in dialysis patients, which indicated that there 

were no associations between disordered mineral metabolism and the decline of RRF during 

dialysis treatment. The discrepancies between studies in pre-dialysis and dialysis patients 

suggest that the associations between mineral metabolism and RRF differ depending on the 

stage of CKD. Whereas disorders of mineral metabolism are important determinants of renal 

function in the pre-dialysis phase, we can speculate that other factors dominate once dialysis 

treatment has been started. Possible factors with a stronger influence on renal function than 

parameters of mineral metabolism might include fluctuations in blood pressure or 

hypovolemic episodes.15 Keeping mineral metabolism in control, especially plasma phosphorus 

concentrations, can delay the deterioration of RRF during the pre-dialysis phase, but not 

anymore during dialysis treatment.  
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Methodological issues 

The majority of the studies in this thesis were based on patient data from NECOSAD; a large 

multicentre prospective cohort study in which consecutive ESRD patients are followed from 

the initiation of dialysis until transplantation or death. A strong point of NECOSAD is the 

comprehensive data collection, which took place at dialysis initiation, three and six months 

after the start of dialysis and every six months thereafter. This repeated data collection made it 

possible to analyse trends over time during dialysis treatment. Although the sample size of 

NECOSAD may seem small in comparison with the enormous cohorts of HD patients in the 

United States, the more than 2000 included patients can be seen as a large, representative 

sample of all dialysis patients in a small country like the Netherlands. 

There are also some methodological limitations. First, NECOSAD is an observational cohort 

study. Such observational studies are known to have some disadvantages when compared to 

randomised clinical trials. The main limitation of an observational study design is that it is by 

nature hypothesis generating and cannot prove causation. Because treatment allocation is not 

randomly assigned, adjustment for prognostic factors is necessary to remove confounding as 

much as possible. Confounding, sometimes referred to as confounding bias, is regarded as 

undesirable as it obscures the actual effect of an exposure on outcome. Confounding can be 

controlled by adjusting for it after completion of a study using stratification or multivariable 

analysis. Obviously, adjusting for confounding in multivariate analysis can only take place 

accurately when information is collected during the study. Although we performed a 

comprehensive literature search to identify potential confounders, we can not completely 

exclude the possibility that the adjustment for confounders was incomplete. There were some 

variables that might have had a confounding effect in the associations between parameters of 

mineral metabolism and outcomes, such as the administration of phosphate-binding agents or 

vitamin D and measures of bone mineral density. These variables were, however, not measured 

in NECOSAD and could therefore not be included in our statistical analyses. An incomplete 

adjustment for confounding in multivariable analysis could lead to an under- or over-

estimation of the actual effect. It is, however, impossible to predict the impact of incomplete 

adjustment since the effects of these missing confounders are unknown. 

 

In NECOSAD, biochemical measurements were not determined in a central lab, but in the 

different participating centres, which used different assays. For most variables this is not a 

problem as different methods yield very similar results. However, there has been a profound 

debate about the application of different PTH measuring methods.16 Recent studies have 

shown that first generation immunometric iPTH assays, as were mainly used in NECOSAD, 

not only detect full-length (1-84) PTH but also other PTH fragments, including the PTH-(7-

84) fragment. These fragments may have inhibitory effects on bone cell metabolism and 

contribute to adynamic renal bone disease. iPTH levels are therefore poorly predictive of bone 

turnover state. An ideal PTH assay should discriminate between the bioactive whole PTH-(1-
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84) molecule and PTH fragments, including the PTH-(7-84) fragment. These new assays have 

been developed the last decade and are currently more and more applied in dialysis centres 

worldwide. However, during the major part of the NECOSAD study period, these new assays 

were not available in the dialysis centres that participated in the study and iPTH assays were 

used instead. iPTH values also varied to a large extent in our study because assays from 

different manufacturers were applied in the participating centres, yielding different results. It is 

likely that the broad range of iPTH concentrations observed in our study led to an 

underestimation of the true effects of iPTH concentration on outcomes.  

 

Recommendations for clinical practice 

 

The findings that are presented in this thesis underscore the importance of a tight control of 

mineral metabolism in haemodialysis and peritoneal patients. To achieve optimal treatment, the 

following recommendations could be applied in daily clinical practice: 

 

 Because of the early development of mineral metabolism disorders, monitoring and 

controlling mineral metabolism is inevitable already during the pre-dialysis phase. 

 

 Monitoring plasma or serum concentrations carefully is a necessary first step for 

diagnosing and treating disorders of mineral metabolism. In all stages of CKD plasma or 

serum calcium, phosphorus and PTH concentrations should therefore be measured on a 

regular basis. The measuring frequencies recommended in the K/DOQI guideline for 

bone metabolism and disease in CKD, seem appropriate and feasible in clinical practice. 

K/DOQI advises to measure calcium and phosphorus at least once a month and PTH at 

least once per three months in the final stage of CKD (stage V). Measurements should be 

made more frequently when a patient receives concomitant therapy for abnormalities in 

plasma calcium, phosphorus and PTH.  

 

 Although the present K/DOQI guideline was primarily directed at HD patients, we can 

conclude from this thesis that the recommendations in the guideline are suitable for 

application in both HD and PD patients in the Netherlands. The currently advised targets 

for calcium, Ca x P product and iPTH are appropriate for application in daily clinical 

practice. The present upper cut-off value for phosphorus of 5.5 mg/dl (1.78 mmol/l) 

seems to be still too high to avoid an excess risk of mortality. Using a lower threshold, 

preferably <4.5 mg/dl (1.45 mmol/l), is recommendable but the feasibility of this lower 

target can be questioned. 

 

 To obtain such low phosphorus levels an optimal treatment regimen is necessary, which 

can only be achieved by intensive dietary counselling and administration of a balanced mix 

of medications. We would like to underscore the importance of educating and stimulating 

dialysis patients in order to achieve optimal adherence. Patient education by the dietician 
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or dialysis nurse, explaining the necessity and practical application of dietary phosphate 

restriction and the correct use of phosphate binding agents, is inevitable. Simpler dosage 

regimens might contribute to a better adherence as well. 

 

Directions for future research 

 

There is still a lot to be learned regarding mineral metabolism in patients with different stages 

of CKD. Future research is needed to answer the several remaining questions. 

 

First of all, the precise mechanisms underlying the associations between disordered mineral 

metabolism and poor outcome, i.e. vascular calcification and (cardiovascular) morbidity and 

mortality, should be unravelled. Long term animal studies are of vital importance before these 

mechanisms can be studied in patients. Understanding the exact mechanisms is an essential 

step for the future development of new drugs or nutritional solutions that can help to optimise 

treatment options. More research is needed to establish the role of novel types of medication, 

such as calcimimetics and new vitamin D analogues, in the treatment of disorders of bone and 

mineral metabolism. 

 

Further research is also needed to clarify the role of (non-)adherence to treatment regimens 

considering mineral metabolism. Measurement methods should be validated and clear 

definitions should be established. Possibly, linking adherence levels to clinical outcomes could 

result in clinically relevant definitions of non-adherence. These definitions should indicate 

which level and type of adherence are associated with adverse outcomes, such as morbidity and 

mortality.  

 

Finally, the role of disorders of mineral metabolism during the pre-dialysis phase deserves 

more attention. Especially study initiatives that combine patients from different stages of CKD 

to form a complete picture should be encouraged. 

 

Conclusion 

 

The K/DOQI guideline for bone metabolism and disease in CKD was published in 2003 and 

advised regulation of mineral metabolism in dialysis patients based on studies in HD patients 

that focussed on long-term effects of disordered mineral metabolism. With the work reported 

in this thesis we have demonstrated that disorders of mineral metabolism are also associated 

with short-term effects, such as hospital admissions and muscle- and skin complaints. 

Moreover, we have demonstrated that keeping mineral metabolism under control is of vital 

importance in PD patients as well as in HD patients. 
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The studies described in this thesis provide evidence for a strict control of bone and mineral 

metabolism in chronic HD and PD patients. Despite of the large amount of pre-clinical and 

clinical studies in the field of bone and mineral metabolism in relation to renal failure, there is 

at present no consensus about which treatment regimen is optimal for patients with disorders 

of mineral metabolism. As long as there are no alternative treatment options, such as more 

effective forms of medication, nutritional solutions, or possibly just the creation of an efficient 

treatment algorithm, striving for the currently recommended targets seems the best choice. 
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Table 1. Overview of the associations between mineral metabolism and clinical outcomes in dialysis patients 

 All-cause 

mortality 

Cardiovascular 

mortality 

Cardiovascular 

hospitalization 

Muscle 

pain 

Cramps Pruritus Xerosis Loss of 

RRF 

Progressed  

calcification 

          

Calcium           

   < 8.4 mg/dl 0 0 0 HD / + PD 0 0 0 0 0 0 

  8.4-9.5 mg/dl          

   > 9.5 mg/dl 0 0 + HD / 0 PD 0 0 + + 0 + 

          

Phosphorus             

   < 3.5 mg/dl 0 0 0 0 0 0 0 0 0 

  3.5-5.5 mg/dl          

   > 5.5 mg/dl + + 0 + 0 + 0 0 0 

          

Ca x P product          

   < 55 mg/dl               

   ≥ 55 mg/dl + + 0 0 0 + 0 0 0 

              

iPTH          

   < 150 pg/ml 0 0 0 0 - 0 0 0 0 

150-300 pg/ml          

   > 300 pg/ml 0 0 0 0 0 0 0 - HD / 0 PD + 

          

 

Grey column is the reference category (Hazard Ratio or Odds Ratio of 1.0). 

+ Significantly increased risk of outcome compared to the reference category 

0  No different effect compared to reference category 

-  Significantly decreased risk of outcome compared to the reference category 

 

Results are presented for haemodialysis (HD) and peritoneal dialysis (PD) patients separately when the effects were different. In all other cases results are combined for HD and PD patients.   
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End-stage renal disease (ESRD) is a condition in which the amount of functioning kidney 

tissue is greatly diminished and the kidneys fail to excrete waste products and excess fluid from 

the blood. When ESRD occurs, it rapidly leads to death unless renal replacement therapy is 

started. There are two major types of renal replacement therapy: kidney transplantation and 

dialysis. Due to a shortage of available donor kidneys, most ESRD patients are committed to 

long term haemodialysis (HD) or peritoneal dialysis (PD) to replace their kidney function. 

Despite increasing knowledge and technical improvements, mortality rates are still substantially 

increased in dialysis patients. Annual mortality was 17% in 2005, while this was 18% in 1990. 

These high mortality rates were the reason in 1997 to start the Netherlands Cooperative Study 

on the Adequacy of Dialysis (NECOSAD), a multicentre prospective cohort study in which 

ESRD patients are followed from the initiation of dialysis therapy until transplantation or 

death.  

From 1998 some studies indicated that disorders of mineral metabolism such as 

hyperphosphataemia and hypercalcaemia could play a role in the high mortality among ESRD 

patients. Therefore the American Kidney Diseases Outcomes Quality Initiative (K/DOQI) of 

the National Kidney Foundation published their guideline for bone metabolism and disease in 

chronic kidney disease in 2003. In this guideline K/DOQI recommends tight control of serum 

albumin-corrected calcium, phosphorus, calcium-phosphorus (Ca x P) product and intact 

parathyroid hormone (iPTH) concentrations.  

 

The K/DOQI guideline was based on a limited number of observational studies, performed in 

a specific group of patients. The characteristics of this patient group are considerably different 

from those of dialysis patients in the Netherlands. It was therefore uncertain whether these 

K/DOQI targets were appropriate for dialysis patients in the Netherlands as well. Only 

(cardiovascular) mortality and morbidity were considered as clinical outcomes while the 

influence of disordered mineral metabolism on other outcomes remained unknown. These 

remaining questions, and the fact that disorders of mineral metabolism are potentially treatable 

risk factors, were the starting point for the studies described in this thesis. 

 

The aim of this thesis, which is based on data from NECOSAD, was to evaluate the effects of 

disordered mineral metabolism on important clinical outcomes in incident dialysis patients in 

the Netherlands. Chapter 1 provides an introduction to the studies presented in this thesis.  

 

In Chapter 2 we describe the achievement of the K/DOQI targets in dialysis patients in the 

Netherlands. Three months after the start of dialysis therapy, the majority of patients had 

plasma calcium and phosphorus concentrations higher than the advised range. The target for 

Ca x P product was exceeded by almost half of the patients and about 55% of the patients had 

plasma iPTH concentrations lower than the proposed target range. Joint achievement of all 

targets was low: only about 5% of the patients achieved all four targets. This low achievement 

http://en.wikipedia.org/wiki/Renal_replacement_therapy
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was not only observed shortly after the start of dialysis, but remained rather stable during the 

following five years on dialysis treatment. Subsequently we assessed associations of disorders 

of mineral metabolism with all-cause mortality (Chapter 2). We observed that plasma 

phosphorus concentrations greater than the K/DOQI targets were significantly associated 

with an around one and a half times increased mortality risk in both HD and PD patients. 

Mortality risk was also increased with about 50% in HD and PD patients with an elevated Ca x 

P product.  

 

In Chapter 3 we report a study to evaluate the relationship between mineral metabolism and 

cardiovascular disease (CVD), focusing particularly on the comparison between HD and PD 

patients. Although the K/DOQI guideline was predominantly based on studies in HD 

patients, in clinical practice it is also applied to PD patients. To validate implementation of the 

K/DOQI guideline in PD patients, we studied associations between mineral metabolism and 

the risk of cardiovascular morbidity and mortality in PD patients compared to HD patients. 

Around 40% of all hospitalisations were caused by CVD and in HD patients with 

hypercalcaemia the risk of CVD-related hospitalisation was increased with 40%. In addition, 

HD patients with elevated plasma phosphorus concentrations and Ca x P product had a one 

and a half fold higher cardiovascular mortality risk than patients who met the targets. For PD 

patients with plasma phosphorus and a Ca x P product above the K/DOQI-threshold, 

cardiovascular mortality risk was more than two-fold higher. Because effects of elevated 

plasma phosphorus and Ca x P product concentrations on cardiovascular mortality risk were 

similar in both patient groups, it seems appropriate to adopt the current guideline in PD 

patients. 

 

Next to mortality and hospitalisation, the physical discomfort that a patient experiences is an 

important outcome of dialysis treatment. In Chapter 4 we therefore explored the effects of 

disordered plasma calcium, phosphorus, Ca x P product, and iPTH concentrations on the risk 

of muscle and skin complaints. Muscle pain, cramps, and itching (pruritus) and dry (xerosis) 

skin were common symptoms; more than 65% of the patients reported muscle and skin 

complaints at baseline. Our findings demonstrate that disturbed mineral metabolism is not 

only associated with increased morbidity and mortality, but also with more muscle and skin 

complaints. Effects of disorders of mineral metabolism were especially strongly associated with 

having pruritus. The risk of pruritus was significantly increased in patients with severely 

elevated plasma calcium, phosphorus and Ca x P product levels. Compared to patients who 

met the target, patients with elevated plasma calcium concentrations had a significantly 

increased risk of xerosis. Hyperphosphataemia was also significantly associated with an 

increased risk of muscle pain while iPTH concentrations below the target range were 

associated with a lower risk of cramps.   

 

Preserving residual renal function (RRF) is one of the primary goals for nephrologists 

managing patients with CKD. After the initiation of dialysis treatment, preservation of RRF 
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remains equally important, because it contributes significantly to the overall health and well-

being of dialysis patients and a loss of RRF in these patients is associated with increased 

mortality. In Chapter 5 we therefore examined associations of mineral metabolism with loss of 

residual renal function (RRF) in HD and PD patients. We included patients who were not 

anuric at dialysis initiation and calculated relative risks of total loss of RRF. We found that 

both HD and PD patients with the highest phosphorus and Ca x P product concentrations had 

the lowest baseline glomerular filtration rate (GFR) values. During follow-up, 15% of HD and 

12% of PD patients became anuric. No significant associations of mineral metabolism with the 

risk of becoming anuric were observed.  

 

To determine whether disorders of mineral metabolism and their effects were already present 

before dialysis treatment had been started, we studied the effects of disordered mineral 

metabolism in pre-dialysis patients. This analysis is described in Chapter 6. With this study, 

based on patient data from the Pre-dialysis Patients Records (PREPARE) study, we aimed to 

determine the association of plasma phosphorus with mortality and renal function loss in pre-

dialysis patients. We observed that for each mg/dl higher phosphorus concentration, the 

adjusted mean decline in renal function significantly increased. In addition, an increase in 

phosphorus concentration was associated with a higher all-cause mortality risk. These findings 

indicate that the effects of hyperphosphataemia on mortality are similar in dialysis and pre-

dialysis patients, whereas the effects of phosphorus on RRF differ, depending on the stage of 

CKD.    

 

In Chapter 7 we examined the recommendations in the current K/DOQI guideline in more 

detail. Several studies found associations between higher plasma calcium and phosphorus and 

mortality in dialysis patients. However, different predefined categories and reference-values 

were applied in these studies and the precise shape of these relationships remains unclear. We 

therefore reassessed the current K/DOQI guideline for bone metabolism and disease in CKD. 

Multivariable Cox regression and restricted cubic splines regression were applied to study 

effects of time-updated plasma concentrations on mortality in a flexible manner. Elevated 

phosphorus concentration was significantly associated with higher mortality whereas the 

association of high calcium with mortality was borderline significant. Within the ranges that we 

studied, we could not identify a threshold where an appreciable change in mortality risk 

occurred. Mortality risk started to increase at a relatively low phosphorus concentration (4.5 

mg/dl; 1.45 mmol/l). We concluded that a low-normal plasma calcium concentration 

combined with a low-normal plasma phosphorus concentration was associated with the lowest 

mortality and that a plasma phosphorus concentration lower than upper threshold advised in 

the K/DOQI guideline, deserves recommendation. 

 

It has been hypothesised that the association of disordered mineral metabolism with 

(cardiovascular) mortality can be explained by the development of vascular calcification. 

Previous studies showed that simple imaging methods can be useful for detection of vascular 
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calcifications in dialysis patients. In Chapter 8 we describe associations between mineral 

metabolism and progression of aortic calcification based on plain annual chest X-rays. In a 

subsample of 384 dialysis patients from NECOSAD, X-rays were screened for calcification of 

the aortic arch. Aortic vascular calcification showed to be common; at baseline 96 (25%) 

patients had severe calcification and 205 (53%) patients had moderate calcification. For 237 of 

the 288 patients with no or moderate calcifications at baseline, X-rays were available for 

follow-up. During follow-up on dialysis, aortic calcification progressed in 30% of the patients 

and hypercalcaemia and hyperparathyroidism at baseline were associated with an increased risk 

of progression. Moreover, progression of aortic calcification was significantly associated with 

increased risk of both all-cause and cardiovascular mortality. 

 

In Chapter 9 we elaborate on the most important findings of this thesis and discuss a number 

of methodological issues. To achieve optimal treatment, the recommendations provided in this 

chapter could be applied in daily clinical practice. First, it is important to start monitoring and 

controlling mineral metabolism during the pre-dialysis phase. Furthermore, we advise to apply 

the currently advised targets for calcium, Ca x P product and iPTH in daily clinical practice. 

The present upper cut-off value for phosphorus of 5.5 mg/dl (1.78 mmol/l) still seems to be 

too high to avoid an excess risk of mortality. Using a lower threshold, preferably <4.5 mg/dl 

(1.45 mmol/l), is recommendable. To obtain such low phosphorus levels, an optimal treatment 

regimen combined with appropriate education and stimulation to improve adherence of 

dialysis patients is necessary. Although we gained new information with the studies described 

in this thesis, further research is needed to answer the several remaining questions. In Chapter 

9 we therefore offer directions for future research.   

 

The K/DOQI guideline for bone metabolism and disease in CKD, which was published in 

2003, recommends controlling mineral metabolism in dialysis patients based on studies that 

focussed on long-term effects of disordered mineral metabolism in HD patients. In this thesis 

we demonstrate that disorders of mineral metabolism are associated with short-term effects, 

like hospitalisations and muscle and skin complaints, as well. Moreover, we provide evidence 

that keeping mineral metabolism under control is of vital importance in PD patients. 

 

In conclusion, the work in this thesis shows that disorders of mineral metabolism are common 

in HD and PD patients in the Netherlands, and that only a small proportion of them meet the 

targets as advised in the K/DOQI guideline. We have demonstrated that these disorders are 

associated with negative clinical outcomes. Our findings therefore support a strict control of 

mineral metabolism in dialysis patients.  
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Een belangrijke functie van de nieren is het verwijderen van afvalstoffen en overtollig vocht uit 

het lichaam via de urine. Verschillende ziektebeelden kunnen er voor zorgen dat de nierfunctie 

afneemt. Zodra de nierfunctie zodanig is verminderd dat het vasthouden van afvalproducten 

en overtollig vocht mogelijk fataal kan zijn, is sprake van terminale nierinsufficiëntie. Wanneer 

terminale nierinsufficiëntie optreedt, leidt het snel tot de dood tenzij wordt gestart met een 

behandeling die de nierfunctie overneemt. De twee belangrijkste vormen van 

nierfunctievervangende therapie zijn niertransplantatie en dialyse. Omdat er een groot tekort is 

aan donornieren is de meerderheid van de patiënten met terminale nierinsufficiëntie 

aangewezen op langdurige behandeling met hemodialyse (HD) of peritoneale dialyse (PD). Bij 

HD worden afvalstoffen en overtollig vocht verwijderd uit het bloed in een machine die 

functioneert als kunstnier. Bij PD wordt het bloed gezuiverd in de buikholte van de patiënt, 

waarbij het eigen buikvlies (peritoneum) wordt gebruikt als filter. 

 

Ondanks de toegenomen kennis en verbeterde technieken is de levensverwachting van 

dialysepatiënten nog altijd gering. De sterfte onder dialysepatiënten was 17% in 2005, terwijl 

deze 18% was in 1990. Deze hoge sterftecijfers waren in 1997 de reden om te starten met de 

Nederlandse Coöperatieve Studie naar de Adequaatheid van Dialysebehandeling (NECOSAD), 

een groot prospectief cohortonderzoek onder patiënten met terminale nierinsufficiëntie in 

Nederland. 

 

Vanaf 1998 verschenen er enkele onderzoeken die aantoonden dat verstoringen in de calcium-

fosfaathuishouding, zoals hyperfosfatemie en hypercalciëmie, mogelijk een rol spelen bij de 

hoge sterfte onder patiënten met terminale nierinsufficiëntie. Daarom publiceerde de 

Amerikaanse Kidney Diseases Outcomes Quality Initiative (K/DOQI ) in 2003 een richtlijn voor de 

bot- en mineraalstofwisseling bij chronische nierinsufficiëntie (CNI). In deze richtlijn adviseren 

zij een strikte regulatie van calcium, fosfaat, calcium-fosfaat (Ca x P) product en intact 

bijschildklierhormoon (iPTH) concentraties in het bloed. 

 

De richtlijn van K/DOQI was gebaseerd op enkele grote observationele onderzoeken in de 

Verenigde Staten. De kenmerken van de dialysepatiënten die aan deze onderzoeken deelnamen 

bleken echter aanzienlijk te verschillen van die van dialysepatiënten in Nederland. Het was 

daarom niet zeker of de Amerikaanse richtlijn ook geschikt zou zijn voor implementatie bij 

dialysepatiënten in Nederland. Daarnaast werd alleen beschreven welke invloed verstoringen in 

de calcium-fosfaathuishouding hadden op (cardiovasculaire) mortaliteit en morbiditeit, terwijl 

de invloed op andere uitkomsten onbekend bleef. Deze vragen, en het feit dat deze 

verstoringen potentieel te behandelen zijn, waren het uitgangspunt voor dit proefschrift. 

 

Het doel van het onderzoek in dit proefschrift, dat is gebaseerd op data uit het NECOSAD 

cohort, was het evalueren van de effecten van verstoringen in de calcium-fosfaathuishouding 

op belangrijke klinische uitkomsten bij dialysepatiënten in Nederland. In Hoofdstuk 1 wordt 

een inleiding gegeven op het onderzoek beschreven in het proefschrift. 
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In Hoofdstuk 2 beschrijven we in hoeverre de behandeling van dialysepatiënten in Nederland 

voldoet aan de aanbevelingen in de Amerikaanse K/DOQI richtlijn. Drie maanden na de start 

van de dialysebehandeling bleek de meerderheid van de patiënten te hoge calcium- en 

fosfaatconcentraties in het plasma te hebben. De richtlijn voor het Ca x P product werd 

overschreden bij bijna de helft van de patiënten en ongeveer 55% van de patiënten had lagere 

plasma iPTH-concentraties dan aanbevolen. Slechts bij 5% van de patiënten was voldaan aan 

alle vier de richtlijnen tegelijkertijd. Dit lage percentage observeerden we niet alleen kort na de 

start van de therapie, maar ook gedurende de daaropvolgende vijf jaar van dialysebehandeling. 

Vervolgens bepaalden we de associaties tussen verstoringen in de calcium-fosfaathuishouding 

en sterfte. We vonden dat fosfaatconcentraties hoger dan de K/DOQI aanbeveling 

geassocieerd waren met een anderhalf keer hoger sterfterisico, zowel bij HD als bij PD 

patiënten. Het risico om te overlijden was tevens 50% hoger onder HD en PD patiënten met 

een verhoogd Ca x P product.  

 

In Hoofdstuk 3 beschrijven we een studie waarin we de verbanden tussen de calcium-

fosfaathuishouding en hart- en vaatziekten (HVZ) evalueren. Hoewel de K/DOQI richtlijn 

overwegend gebaseerd is op gegevens van HD patiënten, worden de aanbevelingen in de 

klinische praktijk ook toegepast op PD patiënten. Om de implementatie van de K/DOQI 

richtlijn bij PD patiënten te valideren, bestudeerden we de associaties tussen de calcium-

fosfaathuishouding en het risico van cardiovasculaire sterfte en ziekenhuisopnames bij PD 

patiënten in vergelijking met HD patiënten. Ongeveer 40% van alle ziekenhuisopnames bleek 

gerelateerd te zijn aan HVZ. Bij HD patiënten met hypercalciëmie was de kans op een 

ziekenhuisopname gerelateerd aan HVZ 40% hoger dan bij HD patiënten met een normale 

calciumconcentratie. Daarnaast hadden HD patiënten met plasma fosfaat- en Ca x P 

productconcentraties hoger dan de K/DOQI grenzen, een ongeveer anderhalf keer hogere 

kans om te overlijden aan HVZ dan patiënten die voldeden aan de aanbevelingen. Bij PD 

patiënten was het cardiovasculaire sterfterisico zelfs meer dan twee keer hoger bij patiënten 

met te hoge fosfaat- en Ca x P productconcentraties. Omdat de effecten van te hoge fosfaat- 

en Ca x P productconcentraties vrijwel gelijk waren in beide patiëntengroepen, lijkt de huidige 

richtlijn tevens geschikt om toe te passen bij PD patiënten.  

 

Niet alleen sterfte en ziekenhuisopnames maar ook de lichamelijke klachten die een patiënt 

ervaart vormen een belangrijke uitkomstmaat van de dialysebehandeling. In Hoofdstuk 4 

onderzochten we daarom de effecten van verstoorde calcium-, fosfaat-, Ca x P product- en 

iPTH-concentraties op het risico van spier- en huidklachten. Deze klachten bleken zeer veel 

voor te komen: drie maanden na de aanvang van dialyse gaf ten minste 65% van de patiënten 

aan enige mate van spierpijn, kramp, jeuk en een droge huid te hebben. Onze resultaten 

toonden aan dat verstoringen in de calcium-fosfaathuishouding niet alleen samen gaan met een 

hogere mortaliteit en morbiditeit, maar ook met meer spier- en huidklachten. Zo vonden we 

dat het risico van jeuk toegenomen was bij patiënten met ernstig verhoogde calcium-, fosfaat- 

en Ca x P productconcentraties. Patiënten met hypercalciëmie hadden daarnaast statistisch 
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significant vaker een droge huid. Verder was hyperfosfatemie geassocieerd met meer spierpijn, 

terwijl iPTH-concentraties lager dan de aanbevolen waarden samenging met minder krampen. 

 

Eén van de primaire doelstellingen voor nefrologen is het behouden van de resterende 

nierfunctie van patiënten met CNI. Ook na de start van de dialysebehandeling blijft het 

behouden van de restnierfunctie van groot belang, omdat het aanmerkelijk bijdraagt aan de 

gezondheidstoestand en het welzijn van de dialysepatiënt. Bovendien is verlies van nierfunctie 

bij deze patiënten geassocieerd met een hogere sterfte. In Hoofdstuk 5 bestudeerden we 

daarom de associaties van verstoringen in de calcium-fosfaathuishouding met verlies van 

restnierfunctie bij HD en PD patiënten die drie maanden na de start van dialyse nog resterende 

nierfunctie hadden. We vonden dat zowel HD als PD patiënten met de hoogste fosfaat- en Ca 

x P productconcentraties de laagste glomerulaire filtratiesnelheid (GFR) hadden. Tijdens het 

onderzoek verloor 15% van de HD en 12% van de PD patiënten hun nierfunctie. We vonden 

geen significante associaties tussen de calcium-fosfaathuishouding en het risico om de 

nierfunctie volledig te verliezen.  

 

Om te kunnen bepalen of stoornissen in de calcium-fosfaathuishouding en hun effecten al 

aanwezig waren voordat gestart werd met dialysebehandeling, hebben we deze effecten 

bestudeerd bij predialyse patiënten. Deze analyse staat beschreven in Hoofdstuk 6. Het doel 

van dit onderzoek, dat gebaseerd is op data van de Pre-dialysis Patients Records (PREPARE) 

studie, was om de associaties tussen plasmafosfaat enerzijds en sterfte en verlies van 

restnierfunctie anderzijds te bepalen bij predialysepatiënten. We vonden dat naarmate de 

fosfaatconcentratie toenam, de restnierfunctie gemiddeld sneller daalde. Daarnaast leidde een 

toename in de fosfaatconcentratie tot een hogere kans om te overlijden. Deze bevindingen 

maken duidelijk dat de effecten van hyperfosfatemie op sterfte gelijk zijn voor predialyse- en 

dialysepatiënten, terwijl de effecten op daling van restnierfunctie verschillend zijn, afhankelijk 

van het stadium van de CNI. 

 

Verscheidene onderzoeken hebben associaties tussen te hoge calcium- en fosfaatconcentraties 

en sterfte gevonden bij dialysepatiënten. In deze onderzoeken zijn echter verschillende 

categorieën en andere referentiewaarden toegepast, waardoor de precieze vorm van deze 

relaties onduidelijk is gebleven. Daarom hebben we in Hoofdstuk 7 de huidige K/DOQI 

richtlijn opnieuw beoordeeld. Met behulp van multivariabele Cox regressie en restricted cubic 

splines regressie bestudeerden we op een flexibele manier de effecten van plasmaconcentraties 

op sterfte. Verhoogde fosfaatconcentraties waren significant geassocieerd met meer sterfte, 

terwijl het verband tussen verhoogde calciumconcentraties en sterfte net niet statistisch 

significant was. Binnen de bestudeerde plasmaconcentraties konden we geen omslagpunt 

vinden waarop een aanzienlijke verandering in het sterfterisico optrad. Wel vonden we dat het 

sterfterisico al begon toe te nemen vanaf een relatief lage van fosfaatconcentratie (4.5 mg/dl; 

1.45 mmol/l). Op basis van onze resultaten concludeerden wij dat een laagnormale 

calciumconcentratie in combinatie met een laagnormale fosfaatconcentratie geassocieerd was 
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met de minste sterfte, en dat een fosfaatconcentratie lager dan de maximale waarde die 

K/DOQI adviseert, aanbeveling verdient. 

 

Er wordt verondersteld dat de associatie van verstoringen in de calcium-fosfaathuishouding 

met (cardiovasculaire) sterfte verklaard kan worden door de vorming van vasculaire 

calcificaties. Deze kalkachtige afzettingen kunnen zich voordoen in het hart, de bloedvaten, in 

en rond gewrichten en organen, en kunnen leiden tot ernstige hartafwijkingen, doordat ze de 

doorbloeding blokkeren. Voorgaande onderzoeken hebben aangetoond dat simpele 

beeldvormende technieken nuttig kunnen zijn bij het opsporen van deze calcificaties bij 

dialysepatiënten. In Hoofdstuk 8 beschrijven we de associaties tussen de calcium-

fosfaathuishouding en toename van vasculaire calcificaties op basis van jaarlijkse thoraxfoto’s. 

Van een subgroep van 384 dialyse patiënten uit het NECOSAD cohort werden thoraxfoto’s 

beoordeeld op de aanwezigheid van calcificaties in de aortaboog. Calcificatie van de aortaboog 

bleek veel voor te komen onder deze patiënten: rond de start van dialyse hadden 96 patiënten 

(25%) ernstige calcificaties en 205 patiënten (53%) hadden matige calcificaties. Van 237 van de 

288 patiënten met geen of matige calcificaties, waren meerdere foto’s beschikbaar. Bij 30% van 

deze patiënten was een toename van de calcificaties zichtbaar tijdens de dialysebehandeling. 

Hypercalciëmie en hyperparathyroïdie waren significant geassocieerd met toename van de 

calcificaties. Bovendien was een toename van de calcificaties geassocieerd met meer algemene 

en cardiovasculaire sterfte. 

 

In Hoofdstuk 9 gaan we in op de belangrijkste bevindingen uit het proefschrift en bespreken 

we enkele methodologische punten. De aanbevelingen die we in dit hoofdstuk geven, kunnen 

worden toegepast in de dagelijkse klinische praktijk om een optimalere behandeling te 

bereiken. Ten eerste is het belangrijk om de calcium-fosfaathuishouding al tijdens het 

predialysestadium te volgen en onder controle te houden. Daarnaast adviseren we om de 

geldende richtlijnen voor calcium, Ca x P product en iPTH toe te passen. De huidige 

bovengrens voor fosfaat van 5.5 mg/dl (1.78 mmol/l) lijkt nog wat aan de hoge kant te zijn 

om een bovenmatig sterfterisico te vermijden. Het is daarom aan te bevelen om te streven naar 

een lagere fosfaatconcentratie, bij voorkeur <4.5 mg/dl (1.45 mmol/l). Om dergelijke lage 

fosfaatconcentratie te bereiken, is een optimaal behandelingsregime, gecombineerd met goede 

voorlichting en maatregelen om de therapietrouw van de patiënt te verbeteren, noodzakelijk. 

Hoewel het onderzoek in dit proefschrift nieuwe informatie heeft opgeleverd, is verdere studie 

nodig om de vele openstaande vragen te beantwoorden. In Hoofdstuk 9 geven wij daarom 

enkele suggesties voor toekomstig onderzoek. 

 

De in 2003 gepubliceerde K/DOQI richtlijn voor de bot- en mineraalstofwisseling bij 

patiënten met CNI adviseert strenge regulatie van de calcium-fosfaathuishouding bij 

dialysepatiënten op basis van onderzoeken bij HD patiënten die gericht zijn op uitkomsten op 

de lange termijn. In dit proefschrift laten wij zien dat verstoringen in de calcium-

fosfaathuishouding tevens geassocieerd zijn met negatieve effecten op de korte termijn, zoals 
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ziekenhuisopnames en spier- en huidklachten. Bovendien leveren we bewijs dat controle van 

de calcium-fosfaathuishouding niet alleen van groot belang is voor HD patiënten, maar ook 

voor PD patiënten. 

 

Het onderzoek zoals beschreven in dit proefschrift laat zien dat verstoringen van de calcium-

fosfaathuishouding veel voorkomen bij dialysepatiënten in Nederland en dat bij slechts een 

klein deel van hen voldaan is aan de aanbevelingen uit de Amerikaanse K/DOQI richtlijn. Wij 

hebben aangetoond dat deze stoornissen vaker leiden tot negatieve klinische uitkomsten. Onze 

resultaten ondersteunen dan ook een strikte controle en regulatie van de calcium-

fosfaathuishouding bij dialysepatiënten. 
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