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Cardiovascular Mortality
Is Increased in Dialysis patients

Foley RN, et al. Am J Kidney Dis. 1998;32(suppl 3):S112-S119.
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Vascular calcification in CKD

▪ Intimal calcification - Atherosclerosis

▪ Develops on atherosclerotic 

plaques

▪ Occurs in non-uraemic patients 

as well as in CKD

▪ Medial calcification - Arteriosclerosis

▪ No relationship to atherosclerotic 

plaques

▪ More characteristic of CKD

Images courtesy of Professor Francesco Locatelli (A. Manzoni Hospital, Lecco, Italy) 

Dellegrottaglie et al. Blood Purif 2006;24:56–62



Mortality in CKD 5D

Association of Calcium and Phosphate

Bommer et al: NDT 2012 adv access



Phosphorus balance (normal state)

Secretion

150 mg/day

Absorption

950 mg/day

Excrete urine

800 mg/day

Blood <1%

Phosphorus

Pool

Excrete feces

400 mg/day

FOOD
1200 mg/day

1350 mg/day

Formation

300 mg/day

Resorption

300 mg/day

Total adult body stores 700 g, 85% in:

Hruska et al. Kidney Int 2008;74(2):148–57



Phosphorus balance is lost in CKD

Secretion

150 mg/day

Absorption

950 mg/day

Excrete feces

400 mg/day

FOOD
1200 mg/day

Excrete urine

750 mg/day

1350 mg/day

Blood <1%

Phosphorus

Pool

Formation

100 mg/day

Resorption

150 mg/day

Hruska et al. Kidney Int 2008;74(2):148–57



Phosphorus balance is lost in CKD
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Secretion

150 mg/day

Absorption

750 mg/day

FOOD
1000 mg/day

1150 mg/day

Excrete urine

650 mg/day

Excrete feces

300 mg/day

Formation

100 mg/day

Resorption

150 mg/day

Hruska et al. Kidney Int 2008;74(2):148–57



The components of mineral and bone 
metabolism

Multifactorial Interdependent

PTHVitamin D

P

Ca

Levine MA. In: Hochberg Z. Vitamin D and rickets. Endocr Dev 2003;6:14–33.

FGF 23



Interventions to control impaired 
mineral metabolism

Eknoyan et al. Am J Kidney Dis 2003;42(Suppl 3):1–201 

Amgen Ltd. Mimpara® – Summary of Product Characteristics. 2006

Intervention Parameters affected

P PTH Ca Vit D

Dietary restriction

Ca supplementation

Phosphate binders (not Ca-based)

Phosphate binders (Ca-based)

Dialysis

Calcimimetics

Parathyroidectomy

Vitamin D supplementation



Approach to treatment



320 www.thelancet.com/diabetes-endocrinology   Vol 6   April 2018

Review

it was suggested that these processes could be connected 

features of ageing. Of note, individuals with progeria—a 

disease characterised by premature ageing—have osteo-

porotic lesions as well as atherosclerosis,11 reinfor cing the 

idea of common pathophysiological pathways between 

diseases associated with ageing, such as osteoporosis, 

cardiovascular disease, and CKD. 12,13

Vascular ageing
Regarded as a structural and functional remodelling of the 

vessel wall, vascular ageing involves endothelial and 

vascular smooth muscle cells that are stimulated by 

low-grade inflammation9,14 and ultimately results in calcifi-

cation of the intimal layer or media layer, or both. 

Major pathogenic factors include, but are not limited 

to, angiotensin II signalling, activation of matrix 

metalloproteinase, and production of advanced glycation 

end-product.15 Until recently, the final change from 

vascular ageing into vascular calcification was thought to 

be due to passive precipitation of calcium salts. However, 

the observation16 that hyperphosphataemia was associated 

with increased cardiovascular mortality in patients with 

end-stage renal disease receiving dialysis, prompted 

experimental efforts that unravelled the mechanism at 

work (figure; table 1). Importantly, these same mechanisms, 

which are reported in the general population during 

ageing, seem to operate at a much younger age in patients 

with CKD. Although vascular calcification could be 

regarded as protection for atherosclerotic lesions,12 

evidence14,17 indicates that coronary artery calcification is 

significantly prevalent in young adults at low risk for 

cardiovascular disease and is indicative of higher cardio-

vascular mortality. Furthermore, vascular calcifi  cation is 

closely associated with calcification of the heart valves, 

which is in turn associated with high mortality in 

individuals of advanced age, or with congestive heart 

failure or CKD. Calcification of the heart valves is promoted 

by the systemic inflammatory conditions characteristic of 

metabolic syndrome, type 2 diabetes, and CKD; these 

active processes are mediated by WNT signalling, similar 

to that seen in the vascular calcification associated with 

atherosclerosis.18 On the basis of observational (ie, asso-

ciative) data,19 vascular calcification is thought to be a 

strong predictor of cardiovascular mortality and morbidity 

in patients with CKD and in the general population; 

therefore, prevention and treatment of vascular calci-

fication is important. Unfortunately, to date, no treatments 

have been proven to prevent or completely reverse vascular 

calcification; once established, a vascular calcification will 

tend to progress, and cannot be completely arrested or 

reversed. Interventional trials are warranted to show 

whether a reduction in vascular calcification is associated 

with longer life.

Bone ageing
Typically synonymous with osteoporosis, bone ageing 

results from inadequate refi lling of the resorptive 

osteoclastic lacunae by osteoblasts, leading to progressive 

reduction in bone mass during life and thus increased 

risk of bone fracturing. Until recently, the characteristic 

determinants of osteoporosis have been the highest 

bone mass reached in adolescence and the rate of its 

subsequent loss with ageing; however, in the past 

decade, bone quality has also been considered relevant 

for future fracture risk.20,21 Bone turnover, mineralisation, 

and volume, together with microarchitecture and 

collagen composition, are relevant components of bone 

quality.20

Similarly to osteoporosis, the bone pathologies of CKD 

(typically identified as renal osteodystrophy) negatively 

affect bone quality, promote bone fractures, and are 

associated with increased morbidity and mortality.22–27 

CKD-specific abnormalities in bone turnover, mineral-

isation, and volume could be regarded as additional 

Angiotensin II, AGEs, 

MMPs, ROS, TNFα, 

MCP-1, FGF23, 

klotho, etc

Elastin

Vascular smooth 

muscle cells

Endothelial cells

Vascular smooth 

muscle cells: 

transdifferentiation 

and calcification

Collagen

Endothelial cells: 

apoptosis, senescence

Extracellular matrix: 

expansion, elastinolysis

Vascular smooth muscle cells: 

apoptosis, senescence, 

migration, invasion

Ageing CKD

Figure: Main steps of vascular ageing and CKD

A low-grade proinflammatory profile driven by, among others, angiotensin II signalling, MMP activation, and 

AGE production, results in structural and functional remodelling of endothelial cells and vascular smooth muscle 

cells. Endothelial cells undergo apoptosis and senescence. Vascular smooth muscle cells proliferate and migrate 

into the subendothelial space, enhancing collagen and extracellular matrix production. The subsequent metabolic 

stress also leads to premature senescence, apoptosis, and fracturing of elastin fibres. Vascular smooth muscle cells 

undergo phenotypic transdifferentiation into osteoblast-like cells that are involved in the eventual vascular 

calcification process. These abnormalities are present in the cells of patients who have CKD, but at an earlier stage 

of the cell’s lifespan, indicating that CKD is a model of accelerated ageing. AGEs=advanced glycation end-products. 

CKD=chronic kidney disease. FGF23=fibroblast growth factor 23. MCP-1=monocyte chemoattracta nt protein-1. 

MMPs=matrix metalloproteinases. ROS=reactiv e oxygen species. TNFα=tumour necrosis factor alpha.



Phosphate control and Residual Renal 
function

Wang et al: CJASN ePub ahead : Jan 2013



Nutrition and CKD

Protein and Phosphate intake are linked

Reducing protein intake may be beneficial

– Decreased proteinuria

– Improved lipid profile

– Decreased acid load

– Etc

Protein intake target now 1.1g/kg/day

Fouque et al; KI 2011, 80, p348



Nutrition and Survival

• 3000 French HD patients

• Mortality based on 

protein intake

• 30 month F/U

• Protein intake 

<0.7g/kg/day worse 

outcome

Fouque et al; KI 2011, 80, p348



Protein intake and serum phosphate

Shinaberger et al Am J Clin Nutri 2008; 88:1511

Patients with a higher 

protein intake tend to have 

higher serum phosphate

CKD 5D 

N = 30 075

13-week averaged levels



Protein intake and serum Phosphate

Shinaberger et al Am J Clin Nutri 2008; 88:1511

Protein intake v Death Phosphate v Death



Protein intake and serum Phosphate

Δ Protein intake v Death Δ Serum Phosphate v Death

Shinaberger et al Am J Clin Nutri 2008; 88:1511



NUTRITION, PHOSPHATE 
BINDERS AND ADHERENCE



The problem of non-adherence in healthcare

WHO report 2003

– Estimated 50% of medicines prescribed for long-term illnesses 

are not taken as directed in developed countries1

– The problem is worse in developing countries1

– If prescription was appropriate, then this represents a loss for 

patients, healthcare providers and pharmaceutical companies

– Effective interventions are elusive2

1World Health Organization Report. Adherence to long-term therapies, evidence for action. Geneva: 

World Health Organization; 2003 
2McDonald HP et al. JAMA 2002;288:2868–79
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Clinical relevance of non-adherence

Non-adherence 

Failure to meet guideline targets

Increased morbidity and mortality

?



Non-Adherence - Synthesis of findings

No clear and consistent links between adherence and 

socio-demographic variables or trait characteristics

– Notion of ‘non-adherent patient’ is a myth; adherence rates 

vary not only between individuals but also within the 

individual, over time and across treatment

– Most of us are non-adherent some of the time; non-

adherence is a variable behaviour, not a trait characteristic

Horne R. Compliance, adherence and concordance. In: Taylor K, Harding G (eds). Pharmacy 

Practice. London: Taylor and Francis; 2001: 165–84

slide by Prof R Horne UCL 



Adherence to dietary restriction

– Among patients with GFR of 13–24 mL/min1, 

adherence to 

• low protein diet (0.58 g/kg/day) – 46%

•very low protein diet (0.28 g/kg/day) – 25%

– Compliance with low phosphate diets generally similar 

to low protein diets2

Adequate nutrition must remain the priority

Non-adherence to dietary restriction

1 Milas NC et al., J Am Diet Assoc 1995;95:1295–300
2 Eknoyan G et al. Am J Kidney Dis 2003;42(Suppl 3):1–201



Non-adherence to phosphate binders

In a study of RRT patients (n = 72)1

– 39% HD / 57% CAPD patients could recall all 

medications

– Antihypertensive / vitamin D medications versus 

phosphate binders:

•patients more knowledgeable

•patients more compliant

– Number of tablets probably had an impact

1Cleary DJ et al. Am J Health Syst Pharm 1995;52:1895–900



Adherence to different aspects of 
renal treatment

Patients may adhere more to treatments from which 

they feel a noticeable benefit 

– e.g. anaemia

Adherence may also be improved if patients 

recognize a link with mortality

– e.g. high blood pressure

Also need to consider that some treatments may 

reduce quality of life in the short-term

– while treatment regimen is optimized and the body ‘gets 

used to’ the medication

– e.g. high blood pressure

Personal communication Prof Rob Horne



Effects of regimen complexity

The complexity and demands of the treatment 

regimen are potential causes of non-adherence 

Systematic review (across illness groups)1

– Number of doses per day is inversely related to adherence

– Adherence significantly higher for: 

• once-daily versus 3-times daily dosing

• twice-daily versus 4-times daily dosing

1Claxton AJ et al. Clin Ther 2001;23:1296–310

slide by Prof R Horne UCL 



Simplifying the regimen complexity

Simplifying the drug regimen has some positive effect on 

adherence

But reducing from twice to once a day, as a single 

strategy, does not solve the problem of non-adherence

Complexity per se is not the major contributor to 

non-adherence. The key issue is how well the treatment 

fits in with the individual patient’s routine, expectations 

and preferences

slide by Prof R Horne UCL 

Horne R. Compliance, adherence and concordance. In: Taylor K, Harding G (eds). 

Pharmacy Practice London: Taylor and Francis; 2001: 165–84.



Why don’t people adhere to treatment advice?

Horne R. Beliefs and adherence to treatment: the challenge for research and clinical practice. 

In: Halligan PW, Aylward M (eds). The Power of Belief: Psychosocial Influence on Illness, Disability 

and Medicine. Oxford: Oxford University Press; 2006:115–36

Capacity and 

resources

Practical barriers

Motivational 

Beliefs / preferences

Perceptual barriers

INTENTIONAL 

non-adherence

UNINTENTIONAL

non-adherence

slide by Prof R Horne UCL 



Implications for adherence: support interventions

Based on our understanding, interventions should be 

more effective if they address BOTH practical and 

perceptual barriers to adherence

(1) Make regimen convenient and as easy to follow as possible

(2) Address perceptual factors influencing motivation to begin and 

continue with treatment

Most previous interventions have focused on the first of 

these

The challenge is that there is still poor understanding of 

the second

Horne R. Beliefs and adherence to treatment: the challenge for research and clinical practice. 

In: Halligan PW, Aylward M (eds). The Power of Belief: Psychosocial Influence on Illness, Disability and 

Medicine. Oxford: Oxford University Press; 2006:115–36
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Theoretical model: 
necessity–concerns framework

Studies across a range of illnesses including renal dialysis and 

transplantation indicate that a simple necessity and concerns 

framework is useful for explaining low adherence

Low adherence

Doubts about personal 

NEED
for treatment

CONCERNS
about potential

adverse effects

Renal dialysis (Horne et al., 2001)

Renal transplantation (Butler et al., 2004) 

Rheumatoid arthritis (Neame & Hammond, 2005)

Cancer & coronary heart disease (Horne & Weinman, 1999)

Hypertension (Ross et al., 2004) 

HIV / AIDS (Horne et al., 2004)

Depression (Aikens et al., 2005)

Asthma (Horne & Weinman, 2002)

slide by Prof R Horne UCL 



Differential effects of beliefs and concerns on 

treatment adherence: renal dialysis

Patients may adhere to one aspect of their treatment, but 

not to another

– Dependent upon their beliefs and concerns about that treatment

Spearman correlations (r) showing relationship between beliefs and concerns about specific 

treatments and specific adherence behaviours; N = 47 haemodialysis patients

Horne R et al. Int J Pharm Pract 2001;9:169–76

Beliefs and concerns about 

treatment

Reported intentional 

non-adherence 

to medication

Estimated adherence to 

fluid and diet restrictions 

(inter-dialysis weight gain)

Concerns about long-term 

effects and potential for 

dependency of renal medication

r = 0.39

P < 0.001

Not significant

Beliefs that fluid and dietary 

restrictions are too strict
Not significant r = 0.55

P < 0.001

slide by Prof R Horne UCL 



Patients try to achieve coherence between concepts of 

illness and treatment

Patients need a common-sense fit between illness and 

treatment

Degree of fit is strongly influenced by subjective symptom 

experiences relative to expectations

– e.g. HIV, depression, asthma and hypertension

Common-sense origins of necessity beliefs
slide by Prof R Horne UCL 



Adherence

Deciding to take medication: Necessity-Concerns 

Framework

Common-sense 

beliefs about 

ILLNESS

SYMPTOM 

expectations, 

experiences and 

interpretations

Negative views 

about medicines in 

general

Beliefs about 

NECESSITY 

for prescribed 

medicines

CONCERNS about 

potential adverse 

events

Treatment Specific beliefs

Horne R, Weinman J. J Psychosom Res 1999;47:555–67

Horne R, Weinman J. Psychol Health 2002;17:17–32

Horne R et al. Psychol Health 1999;14:1–24

Horne R. Representations of medication and treatment: advances in theory and measurement. In: Perrie KJ, 

Weinmann J (eds). Perceptions of Health and Illness. Amsterdam: Harwood Academic Publishers; 155–88
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Chater A, Parham R,  Riley S et al: Profiling patient 

attitudes to phosphate binding medication. Psychology 

and Health 2014 DOI 10.1080/08870446.2014.942663

Patient Attitudes - Necessity



Chater A, Parham R,  Riley S et al: Profiling patient 

attitudes to phosphate binding medication. Psychology 

and Health 2014 DOI 10.1080/08870446.2014.942663

Patient Attitudes - Concerns



Chater A, Parham R,  Riley S et al: Profiling patient 

attitudes to phosphate binding medication. Psychology 

and Health 2014 DOI 10.1080/08870446.2014.942663

Non-adherence



Chater A, Parham R,  Riley S et al: Profiling patient 

attitudes to phosphate binding medication. Psychology 

and Health 2014 DOI 10.1080/08870446.2014.942663

Predicting adherence



Chater A, Parham R,  Riley S et al: Profiling patient 

attitudes to phosphate binding medication. Psychology 

and Health 2014 DOI 10.1080/08870446.2014.942663

Attitudinal analysis

52%

10%

30%

36%



Improving interventions

Existing interventions tend to focus on unintentional 

non-adherence

Need to address intentional non-adherence

Gain understanding of patients’:

– beliefs

– motivations

– practical and psychological barriers 

slide by Prof R Horne UCL 



Conclusions

Abnormal mineral metabolism is associated with worse 

outcome in CKD

Although outcome data lacking the case for limiting 

calcium intake is getting stronger

Balance between nutrition and limiting phosphate is 

challenging

Moving towards an individualised prescription for 

patients


