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ABSTRACT

Poor long-term adherence and persistence to drug therapy is
universally recognized as one of the major clinical issues in the
management of chronic diseases, and patients with renal dis-
eases are also concerned by this important phenomenon.
Chronic kidney disease (CKD) patients belong to the group of
subjects with one of the highest burdens of daily pill intake
with up to >20 pills per day depending on the severity of their
disease. The purpose of the present review is to discuss the dif-
ficulties encountered by nephrologists in diagnosing and
managing poor adherence and persistence in CKD patients in-
cluding in patients receiving maintenance dialysis. Our review
will also attempt to provide some clues and new perspectives
on how drug adherence could actually be addressed and poss-
ibly improved. Working on drug adherence may look like a
long and tedious path, but physicians and healthcare providers
should always be aware that drug adherence is in general much
lower than what they may think and that there are many ways
to improve and support drug adherence and persistence so
that renal patients obtain the full benefits of their treatments.

Keywords: chronic kidney diseases, drugs, hyperparathyroid-
ism, hypertension

INTRODUCTION

The main objectives of the management of patients with
chronic kidney diseases (CKD) are as follows: (1) to slow the
progression toward end-stage renal disease (ESRD) by control-
ling the underlying renal disease but also factors contributing to
the deterioration of renal function such as hypertension,
(2) to manage common complications of CKD such as

hyperphosphataemia, acidosis or anaemia, which may also par-
ticipate in the degradation of kidney function and (3) to identify
and manage comorbidities (diabetes, coronary heart disease,
heart failure, etc.) that lead to the increased risk of mortality
and hospitalization of CKD patients [1]. Once on dialysis, the
goals are changing slightly being mainly focused on treating
complications (anemia and hyperparathyroidism) and prevent-
ing the high morbidity and mortality associated with mainten-
ance dialysis [2].

These therapeutic goals can hardly be achieved without life-
style measures and substantial drug treatments dedicated to
each of these medical problems which add to one another
along the course of the patient’s disease starting most fre-
quently with hypertension and followed later on by anaemia,
acidosis and phosphocalcic disorders [3]. Thus, patients with
CKD and those receiving dialysis belong to the group of
chronic patients with the highest daily pill burden, comparable
with patients with HIV or severe cardiac diseases [4, 5]. Thus,
a recent survey of patients on maintenance dialysis in the USA
reported a median number of 19 pills with one-quarter of
them taking >25 medications daily [6]. In earlier stages of
CKD, patients are treated with a mean of 6–12 medications
[7]. As expected, such a high pill burden is inevitably associated
with major problems of drug adherence, the number of drugs
being an important determinant of long-term drug adherence in
chronic diseases [6]. Thus, as in many other chronic diseases, a
low adherence to drug treatments (down to 3%) as well as a low
adherence to nutritional recommendations has been reported in
CKD and dialysis patients [8].

The purpose of the present review is to discuss drug adher-
ence issues in patients with CKD Stage 1–5 in view of the most
recent literature. Although adherence is also a major concern in
renal transplantation, this topic will not be addressed and readers
are referred to some recent reviews on the topic [9, 10].
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DEFINITION OF ADHERENCE

Drug adherence is commonly defined as the extent to which a
patient’s behaviour, with respect to taking medication, corre-
sponds with agreed recommendations from healthcare providers.
Adherence can be divided into two main components: persist-
ence and execution. Persistence is defined as the time from
initiation to discontinuation of therapy whereas the execution
refers to the comparison between the prescribed drug dosing
regimen and the patient’s drug history while on treatment. The
latter definition includes dose omissions (missed doses) and the
so-called drug holidays (three or more days without drug intake).
The minimal percentage of adherence necessary to obtain the full
benefits of a drug is generally unknown and often set arbitrarily
at 80%.

FREQUENCY OF POOR ADHERENCE IN CKD
PATIENTS : THE DIFFICULTY TO OBTAIN
RELIABLE DATA

Numerous studies have analysed the adherence rates to drug
therapies in patients with CKD or on maintenance dialysis. The
general conclusion of these studies is that poor drug adherence
is frequent among CKD patients but there is always a wide
range of figures depending on which aspect of drug therapy is
investigated. Thus, in a large survey of quantitative studies ex-
ploring predictors of non-adherence to phosphate-binding
medications in maintenance dialysis, Karamanidou et al. re-
ported a range of non-adherence to phosphate binders from 21
to 74% in 34 studies addressing specifically this issue [11]. In
two large studies evaluating hypertension management in CKD,
∼30% of patients were considered as having a poor adherence
leading to uncontrolled blood pressure (BP) [12,13].

There are several reasons for the wide variations in esti-
mations of low adherence. First, the definition of drug adher-
ence is often inconsistent. Second, the methods used to
measure drug adherence are not very reliable and tend to over-
estimate drug adherence. This is the case for example for the
Morisky questionnaire that was used in many studies includ-
ing the REGARDS study [13]. Interestingly, when different
methods are used in the same study, large variations in adher-
ence are observed. Besides being a major cause of ignoring
drug adherence in clinical practice, the lack of simple and
reliable methods to measure drug adherence also remains a
major limitation to any effective improvement in adherence-
related medication problems. As discussed recently [14], the
ideal method should provide a reliable capture, storage, analy-
sis and communication of dosing history data in ways that
make it difficult or impossible for patients or trial staff to
censor or otherwise manipulate the data. Methods that meet
these criteria today include the following: retrospective analy-
sis of prescription refill records [1], analysis of chemical
markers of drug exposure [2] and automatic electronic time-
stamping and compilation of events more or less strongly
linked to the act of taking medication (e.g. package opening,
dosage form dissolution) [3]. Other methods, such as

questionnaires, interviews and periodic counts of patients’ re-
turned, untaken doses, are subject to many uncertainties and
easy manipulation by patients. Today, electronic monitoring of
drug adherence is probably the most reliable method to assess the
patients’ behaviour toward drug therapy. Using this method, we
learned that drug adherence is a dynamic process and that there
is no clear and well-defined cutoff below which a patient can be
considered non-adherent as this may change depending on the
type of therapy. Finally, white-coat adherence (e.g. the phenom-
enon that medication adherence tends to improve around the
time of a scheduled clinical visit but declines thereafter) is a
crucial phenomenon that affects our evaluation of adherence
[14]. Unfortunately, in CKD patients, the complexity of drug
therapies often limits the use of electronic monitors because
several treatments should be monitored simultaneously, which is
due to financial and practical reasons often not feasible. Never-
theless, physicians and healthcare professionals should be aware
that drug adherence is probably much lower than what has been
measured in clinical studies. At last, as in other chronic diseases,
the major issue of poor adherence is related to the absence of
long-term persistence of therapy rather than occasional forgetful-
ness [14].

HYPERTENSION MANAGEMENT AND
ADHERENCE IN CKD PATIENTS

Hypertension develops early in CKD patients and is an impor-
tant determinant of the progression of CKD toward end-stage
renal diesease (ESRD). An adequate control of BP results in a
slower decline in renal function [15]. Therefore, a strict control
of blood pressure (BP) is recommended in all CKD patients with
a target BP of <130/80 mmHg and more recently <140/90
mmHg according to the last European Society of Hypertension
(ESH) guidelines [16].

As reported recently in the KEEP study (Kidney Early Evalu-
ation Program) involving 10 813 CKD patients, the BP control
rate remains low in CKD patients with 13.2% of patients having
<130/80 mmHg [17]. In a study of 7227 CKD patients followed at
a Veterans Administration Medical Centre, BP targets were
achieved only in 35% of patients [12], and in the reasons for geo-
graphic and racial differences in stroke (REGARDS) study, 36.2%
of patients had a BP of >140/90 mmHg but 61.6% had a BP of
>130/80 mmHg [13]. Drug adherence was assessed using the
medication possession ratio in the VA study [12] and using the
Morisky questionnaire in the REGARDS study [13]. Not surpris-
ingly, >30% of patients were poorly adherent, a percentage that
might well be even greater in reality. Of note, a Brazilian study,
which measured drug adherence longitudinally in CKD patients,
has shown that drug adherence (measured by self-report) tends to
improve as renal function deteriorates, suggesting that with the
progression of the kidney disease both physicians and patients
become more concerned by the quality of BP control [18].

In patients on maintenance dialysis, the BP control rate does
not appear to be better although patients adequately dialysed
tend to normalize their BP, suggesting an important role of the
duration and quality of dialysis [19]. The evaluation of BP
control in maintenance dialysis is further complicated by
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measurement issues and by the absence of a clear definition of
BP targets that should be obtained in these patients [20].
However, the results of meta-analyses suggest that antihyperten-
sive therapy leads to significant benefits in dialysed patients [21].
Nonetheless, poor adherence to antihypertensive therapy is also
common in dialysis. In an Italian survey involving 1238 haemo-
dialysis patients in 54 centres, only 47% of patients were adher-
ent to their treatment [22]. Several factors are associated with
poor adherence in dialysis. The most common are as follows:
younger age, male gender, poor quality of social support, an elev-
ated number of comorbidities, health beliefs and mood
disorders—predominantly depression—a frequent complication
in patients on maintenance dialysis [23].

HYPERPHOSPHATAEMIA AND
HYPERPARATHYROIDISM MANAGEMENT
AND ADHERENCE IN CKD PATIENTS

Hyperphosphataemia and secondary hyperparathyroidism
develop relatively late in the course of renal diseases and
concern essentially patients on maintenance dialysis [3]. High
plasma phosphorus is recognized as a significant independent
risk factor for cardiovascular morbidity and mortality by pro-
moting vascular calcifications [24]. Phosphate binders and
drugs prescribed for controlling serum parathyroid hormone
(vitamin D analogues and calcimimetics) are main contribu-
tors and account for about one-half of the daily pill burden in
dialysed patients [6]. Indeed, patients are generally prescribed
1–2 tablets of phosphate binders at each meal. It is no surprise
that adherence to phosphate binders is low under these cir-
cumstances. According to the international Dialysis Outcome
and Practice Pattern Study, <50% of dialysis patients have con-
trolled phosphorus, suggesting a poor adherence to phosphate
binders as well as to dietary recommendations [25]. As stated
earlier, in a recent review of 34 published studies, drug adher-
ence to phosphate binders ranged between 22 and 74% (mean
51%), depending on the method used to assess drug adherence
[11]. This can be explained by the facts that most phosphate
binders are still of large size, difficult to swallow or to chew
with a minimum of water and not particularly tasty. In fact,
the prescription of phosphate binders is an excellent example
of the negative feedback on drug adherence when increasing
the dose and number of pills in patients whose serum phos-
phorus is not on target. If serum phosphorus remains high,
physicians tend to increase the prescription of phosphate
binders without considering the possibility of a low drug ad-
herence. Consequently, the new prescription only aggravates
the situation and deteriorates drug adherence further.

Drug adherence seems to be also a concern with the admin-
istration of vitamin D or its analogues and with calcimimetics.
Indeed, the prevalence of 25-OH vitamin D deficiency
remains high in patients with CKD with or without dialysis
[26,27] whereas some clinical benefits of vitamin D sup-
plementation have been demonstrated clinically [28]. The high
prevalence of vitamin D deficiency among CKD 5 patients
strongly suggests major problems of drug adherence and/or
prescribing strategies. In recent years, calcimimetics have been

developed to improve the management of secondary hyper-
parathyroidism in dialysis patients. These drugs are effective
but their use is sometimes limited by a low tolerability profile
due to gastrointestinal discomfort [29]. A large survey of 4923
dialysis patients has recently demonstrated that drug adher-
ence to cinacalcet is relatively low with 46% non-adherent,
27% of low adherence and only 28% highly adherent patients
at 12 months, an observation which may have a high economic
impact [30]. In a recent controlled study, drug adherence to ci-
nacalcet could actually be improved by using an electronic
drug adherence monitoring-based approach. In brief, cinacal-
cet adherence was monitored using an electronic system for 6
months. Drug prescription was adapted according to the
results of drug adherence, and results were discussed with the
patients in motivational interviews [31]. This so-called inte-
grated care approach enabled the unmasking and improve-
ment of drug adherence problems, to transiently achieve better
PTH control, at a lower dose of cinacalcet (Figure 1). Patients
with poor adherence at baseline benefited mostly, suggesting
that in this patient group the integrated care approach should
be proposed before increasing cinacalcet dose.

ADHERENCE TO OTHER CONCOMITANT
THERAPIES IN CKD PATIENTS

In addition to hypertension and mineral metabolism, CKD
patients often receive treatments to reduce their cardiovascular risk
including aspirin and statins. In addition, >25% of patients are
treated for type 2 diabetes. At last anaemia management represents
another burden in CKD Stage 5 patients but the management of
anaemia is now increasingly performed through intravenous infu-
sions of iron and subcutaneous erythropoietin injections.

In the general population, drug adherence to primary and
secondary prevention of cardiovascular diseases is rather low
and decreases with time to reach ∼50% at 1 year [32]. This is
probably also the case in CKD and dialysis patients. Thus, in a
French survey on quality of care in CKD patients [33], only

F IGURE 1 : Effect of adherence monitoring on the 6-month dose of
cinacalcet necessary to control parathyroid hormone in dialysis
patients. UC, usual care; IC, intervention (electronic monitoring of
drug adherence + counseling), from ref. [31]. *P < 0.03. Note that the
dose of cinacalcet was reduced by almost 30% in monitored patients.
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one-third of the patients were on statins, which is rather low if
one considers the high cardiovascular risk and recent cardiol-
ogy guidelines recommending treatment in all patients with a
high risk of cardiovascular event whatever the level of choles-
terol [34]. Moreover, the use of statins was found to be effec-
tive in reducing cardiovascular events in non-dialyzed CKD
patients [35]. In maintenance dialysis, no clear benefit of
statins has been observed so far in controlled studies. In the
MASTERPLAN study, in which 788 patients with CKD 2 to 5
were enrolled with a follow-up of 4.6 years, 60% of patients
were prescribed a statin, 40% received aspirin and 20%
glucose-lowering drugs [36]. A modest increase in these per-
centages was observed using multifactorial intervention with
nurse practitioners [36].

CAUSES AND POTENTIAL STRATEGIES TO
IMPROVE DRUG ADHERENCE IN CKD
PATIENTS

In order to develop rational strategies to improve drug adher-
ence in CKD patients, it appears important to identify the
reasons why these patients decide at any time not to take their
drugs, decisions that may well differ depending on their health
conditions and complexity of their treatments. This was actu-
ally explored in a recent study using structured interviews of
adult patients with CKD 3 to 5 [37]. As expected, reasons for
deciding to withhold some treatments were as follows: con-
cerns about polypharmacy (pill burden), the fear of drug
interactions, pill size and frequency, cost of drugs, and doubts
on the real efficacy of some of the prescribed drugs, lack of un-
derstanding and poor communication with physicians [37]. In-
terestingly, patients tend to rank the importance of their
treatments based on the expected benefits (reduction of symp-
toms) and/or side-effects. Thus, strategies to improve drug ad-
herence in CKD patients should primarily focus on the patient’s
(and physician’s) motivations as well as on developing trust and
empathy providing as much information as possible on the ne-
cessity of taking all of these drugs. In dialysis patients, Neri et al.
have actually illustrated the relationship between the adherence
probability and the number of tablets per day according to the
perception of the patient’s burden of therapy. As shown in
Figure 2, not only the number of tablets but also the perception
of the patient plays an important role in reducing the prob-
ability of an adequate adherence (Figure 2) [11].

When evaluating drug therapies themselves, the focus
should be on simplifying drug regimens for example using
fixed-dose combinations enabling once daily dosing for hyper-
tension or drugs with longer duration of action to prevent the
effect of missed doses [38]. The pill burden can also be
reduced by using newer drugs administered less frequently.
This is the case for example of iron therapy, which can now be
administered safely intravenously at higher doses with newer
forms of iv iron. Another example is the monthly adminis-
tration of erythropoietin-stimulating agents available in many
countries. Regarding phosphate binders, new compounds are
being developed, which can normalize serum phosphorus
with only three pills a day [39]. In maintenance dialysis

patient, one strategy could be to administer a maximum of
drugs intravenously at the end of the dialysis session or orally
under direct supervision. In this context, new vitamin D ana-
logues such as paracalcitol have been developed, which can be
administered intravenously for the management of secondary
hyperparathyroidism [40]. With the same idea in mind, a new
form of intravenous calcimimetic is now being developed.

Among all strategies investigated to improve drug adherence
which were more or less successful [41], one interesting ap-
proach is the development of a team-based strategy involving
specialized nurses and/or pharmacists in order to enhance the
control rates of the various risk factors (hypertension, diabetes,
dyslipidaemia, etc.) [36,42–44]. Several such programmes have
been initiated in North America and Europe and demonstrated
some clear improvements in the percentage of patients ade-
quately treated and reaching therapeutic goals in CKD [42–44].
Thus, in Canada, the participation of community pharmacists
in a multidisciplinary team including nephrologists, nurses and
pharmacists enabled the improvement of the control of BP in
participants with stage 2–4 CKD [44]. In the multifactorial
approach and superior treatment efficacy in renal patients with
the aid of nurse practitioners (MASTERPLAN) study con-
ducted in the Netherlands, specialized nursing care clearly im-
proved the management of cardiovascular risk factors at 1 and 2
years in patients with stage 3–4 CKD randomized to the inter-
vention arm as compared with the control group [36]. A recent
systematic review and meta-analysis of team-based randomized
studies has actually confirmed the potential benefits of such in-
terventions [45]. However, some doubts remain on the econ-
omical aspects of these interventions [46] and whether the
team-based approach really reduces cardiovascular end points
as well as the progression toward ESRD remains uncertain [36].

CONCLUSIONS

The goal of the present review was to re-emphasize the crucial
role of drug adherence in the management of CKD patients at
any stage of the disease including on maintenance

F IGURE 2 : Relationship between the number of tablets per day and
the probability of adherence according to the perception of the
burden of therapy in dialysis patients (from ref. [22]).
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haemodialysis. Poor adherence should be taken into consider-
ation in all clinical situations in which targets are not reached
despite substantial efforts to prescribe the most adequate thera-
pies. Because of the complexity of treatment and the high pill
burden, CKD patients are at very high risk of poor adherence
and should definitively be supported in their efforts to maintain
a good persistence. Physicians and all other healthcare profe-
ssionals should be aware of the different strategies available to
help their patients and should join their efforts to alleviate the
barriers to good adherence by improving the communication,
reducing the pill burden and if possible by monitoring drug
adherence occasionally when there is suspicion of poor
adherence.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Go AS, Chertow GM, Fan D et al. Chronic kidney disease and the risks of
death, cardiovascular events, and hospitalization. N Engl J Med 2004; 351:
1296–1305

2. U.S. Renal Data System, USRDS 2013 Annual Data Report: Atlas of
Chronic Kidney Disease and End-Stage Renal Disease in the United
States, National Institutes of Health, National Institute of Diabetes and Di-
gestive and Kidney Diseases, Bethesda, MD, 2013.

3. Stevens LA, Coresh J, Greene T et al. Assessing kidney function–measured
and estimated glomerular filtration rate. N Engl J Med 2006; 354:
2473–2483

4. Frishman WH. Importance of medication adherence in cardiovascular
disease and the value of once-daily treatment regimens. Cardiol Rev 2007;
15: 257–263

5. Bartlett JA, Fath MJ, Demasi R et al. An updated systematic overview of
triple combination therapy in antiretroviral-naïve HIV-infected adults.
AIDS 2006; 20: 2051–2064

6. Chiu YW, Teitelbaum I, Misra M et al. Pill burden, adherence, hyperpho-
sphatemia, and quality of life in maintenance dialysis patients. Clin J Am
Soc Nephrol 2009; 4: 1089–1096

7. Bailie GR, Eisele G, Liu L et al. Patterns of medication use in the RRI-
CKD study: focus on medications with cardiovascular effects. Nephrol
Dial Tranplant 2005; 20: 1110–1115

8. Schmid H, Hartmann B, Schiffl H. Adherence to prescribed oral medi-
cation in adult patients undergoing chronic hemodialysis: a critical review
of the literature. Eur J Med Res 2009; 14: 185–190

9. Tong A, Howell M, Wong G et al. The perspectives of kidney transplant
recipients on medicine taking: a systematic review of qualitative studies.
Nephrol Dial Transplant 2011; 1: 344–354

10. Denhaerynck K, Dobbels F, Cleemput I et al. Prevalence, consequences,
and determinants of nonadherence in adult renal transplant patients: a lit-
erature review. Transpl Int 2005; 18: 1121–1133

11. Karamanidou C, Clatworthy J, Weinman J et al. A systematic review of
the prevalence and determinants of nonadherence to phosphate binding
medication in patients with end-stage renal disease. BMC Nephrology
2008; 9: 2

12. Schmitt KE, Edie CF, Laflam P et al. Adherence to antihypertensive agents
and blood pressure control in chronic kidney disease. Am J Nephrol 2010;
32: 541–548

13. Muntner P, Judd SE, Krousel-Wood M et al. Low medication adherence and
hypertension control among adults with CKD: data from the REGARDS

(reasons for Geographic and Racial Differences in Stroke) study. Am J Kidney
Dis 2010; 56: 447–457

14. Burnier M, Wuerzner G, Struijker-Boudier H et al. Measuring, analyzing,
and managing drug adherence in resistant hypertension. Hypertension
2013; 62: 218–225

15. K/DOQI clinical practice guidelines on hypertension and antihypertensive
agents in chronic kidney disease. AM J Kidney Dis 2004; 43(5 suppl):
1–290

16. Mancia G, Fagard R, Narkiewicz K et al. 2013 ESH/ESC Guidelines for the
management of arterial hypertension. The Task Force for the manage-
ment of arterial hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). J Hypertens
2013; 31: 1281–1357

17. Sarafidis pA, Li S, Chen SC et al. Hypertension awareness, treatment, and
control in chronic kidney disease. Am J Medicine 2008; 121: 332–340

18. Magacho EJC, Ribeiro LC, Chaoubah A et al. Adherence to drug therapy
in kidney disease. Braz J Med Biol Res 2011; 44: 258–262

19. Tandon T, Sinha AD, Agarwal R. Shorter delivered dialysis times associate
with a higher and more difficult to treat blood pressure. Nephrol Dial
Transplant 2013; 28: 1562–1568

20. Verbeke F, Lindley E, Van Bortel L et al. A European Renal Best Practice
(ERBP) position statement on the kidney disease: Improving Global Out-
comes (KDIGO) Clinical Practice Guideline for the Management of Blood
Pressure in Non-dialysis-dependent Chronic Kidney Disease: an endorse-
ment with some caveats for real-life application. Nephrol Dial Transplant
2014; 29: 490–496

21. Agarwal R, Sinha AD. Cardiovascular protection with antihypertensive
drugs in dialysis patients: systematic review and meta-analysis. Hyperten-
sion 2009; 53: 860–866

22. Neri L, Martini A, Andreucci VE et al. Regimen complexity and prescrip-
tion adherence in dialysis patients. Am J Nephrol 2011: 34: 71–76

23. Cukor D, Rosenthal DS, Jindal RM et al. Depression is an important con-
tributor to low medication adherence in hemodialyzed patients and trans-
plant recipients. Kidney Int 2009; 75: 1223–1229

24. Block GA, Klassen PS, Lazarus JM et al. Mineral metabolism, mortality,
and morbidity in maintenance hemodialysis. J Am Soc Nephrol 2004; 15:
2208–2218

25. Blayney MJ, Tentori F. Trends and consequences of mineral bone disorder
in haemodialysis patients: lessons from the Dialysis Outcomes and Prac-
tice Pattern Study (DOPPS). J Ren Care 2009; 35: 7–13

26. LaClair RE, Hellman RN, Karp SL et al. Prevalence of calcidiol deficiency
in CKD: a cross-sectional study across latitudes in the United States. Am J
Kidney Dis 2005; 45: 1026–1033

27. Bhan I, Burnett-Bowie SA, Ye J et al. Clinical measures identify vitamin D
deficiency in dialysis. Clin J Am Soc Nephrol 2010; 5: 460–467

28. Kandula P, Dobre M, Schold JD et al. Vitamin D supplementation in
chronic kidney disease: a systematic review and meta-analysis of observa-
tional studies and randomized controlled trials. Clin J Am Soc Nephrol
2011; 6: 50–62

29. Fukagawa M, Komaba H, Kakuta T. Hyperparathyroidism in chronic
kidney disease patients: an update on current pharmacotherapy. Expert
Opin Pharamcother 2013; 14: 863–871

30. Lee A, Song X, Khan J et al. Association of cinacalcet adherence and costs
in patients on dialysis. J Med Econ 2011; 14: 798–804

31. Ogna VF, Pruijm M, Zweiacker C et al. Clinical benefits of an adherence
monitoring program in the management of secondary hyperparathyroid-
ism with cinacalcet: results of a prospective randomized controlled study.
Biomed Res Int 2013; doi:10.1155/2013/104892

32. Naderi SH, Bestwick JP, Wald DS. Adherence to drugs that prevent cardio-
vascular disease: meta-analysis on 376,162 patients. Am J Med 2012; 125:
882–7.e1

33. Thilly N, Boini S, Kessler M et al. Chronic kidney disease: appropriateness
of therapeutic management and associated factors in the AVENIR study.
J Eval Clin Pract 2009; 15: 121–128

34. Navaneethan SD, Pansini F, Perkovic V et al. HMG CoA reductase inhibi-
tors (statins) for people with chronic kidney disease not requiring dialysis.
Cochrane Database Syst Rev 2009; (2): CD007784

35. European Association for Cardiovascular Prevention & Rehabilitation,
Reiner Z, Catapano AL, De Backer G et al., ESC Committee for Practice

F
U
L
L
R
E
V
IE

W

D r u g a d h e r e n c e i n C K D 43

 at U
niversite &

 E
PFL

 L
ausanne on February 12, 2015

http://ndt.oxfordjournals.org/
D

ow
nloaded from

 

http://ndt.oxfordjournals.org/


Guidelines (CPG) 2008–2010 and 2010–2012 Committees. ESC/EAS
Guidelines for the management of dyslipidaemias: the Task Force for the
management of dyslipidaemias of the European Society of Cardiology
(ESC) and the European Atherosclerosis Society (EAS). Eur Heart J 2011;
32: 1769–1818.

36. Van Zuilen AD, Bots ML, Dulger A et al. Multifactorial intervention with
nurse practitioners does not change cardiovascular outcomes in patients
with chronic kidney disease. Kidney Int 2012; 82: 710–717

37. Rifkin DE, Laws MB, Rao M et al. Medication adherence behavior and pri-
orities among older adults with CKD: a semistructured interview study.
Am J Kidney Dis 2010; 56: 439–446

38. Burnier M, Brown RE, Ong SH et al. Issues in BP control and the potential
role of single-pill combination therapies. Int J Clin Pract 2009; 63: 790–798

39. Wüthrich RP, Chonchol M, Covic A et al. Randomized clinical trial of the
iron-based phosphate binder PA21 in hemodialysis patients. Clin J Am
Soc Nephrol 2013; 8: 280–289

40. Andress D. Nonclassical aspects of differential vitamin D receptor acti-
vation: implications for survival in patients with chronic kidney disease.
Drugs 2007; 67: 1999–2012

41. Haynes RB, Ackloo E, Sahota N et al. Interventions for enhancing medi-
cation adherence. Cochrane Database Syst Rev 2008; 2: CD000011

42. Mendelssohn DC. Coping with the CKD epidemic: the promise of multi-
disciplinary team-based care. Nephrol Dial Transplant 2005; 20: 10–12

43. Barrett BJ, Garg AX, Goeree R et al. A nurse-coordinated model of care vs
usual care for stage ¾ chronic kidney disease in the community: a ran-
domized controlled trial. Clin J Am Soc Nephrol 2011; 6: 1241–1247

44. Santschi V, Lord A, Berbiche D et al. Impact of collaborative and multidis-
ciplinary care on management of hypertension in chronic kidney disease
outpatients. J Pharm Health Serv Res 2011; 2: 79–87

45. Santschi V, Chiolero A, Burnand B et al. Impact of pharmacist care in the
management of cardiovascular disease risk factors: a systematic review
and meta-analysis of randomized trials. Arch Intern Med 2011; 171:
1441–1453

46. Hopkins RB, Garg AX, Levin A et al. Cost-effectiveness analysis of a ran-
domized trial comparing care models for chronic kidney disease. Clin J
Am Soc Nephrol 2011; 6: 1248–1257

Received for publication: 29.11.2013; Accepted in revised form: 4.1.2014

F
U
L
L
R
E
V
IE

W

44 M. Burnier et al.

 at U
niversite &

 E
PFL

 L
ausanne on February 12, 2015

http://ndt.oxfordjournals.org/
D

ow
nloaded from

 

http://ndt.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


