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Introduction

Transplantation is a valuable option for end stage kid-
ney, heart and liver disease (e.g. RTX : 1-2 ; e.g. HTX :
3 ; e.g. LTX : 4-5). However, transplantation needs to be
regarded as chronic condition. According to the World
Health Organization (WHO), ‘chronic diseases’ are
defined as : “diseases which have one or more of the fol-
lowing characteristics : they are permanent, leave resid-
ual disability, are caused by non-reversible pathological
alteration, require special training of the patient for
rehabilitation, or may be expected to require a long peri-
od of supervision, observation or care” (6).

Because transplantation is a chronic condition, trans-
plant management needs to integrate psychosocial and
behavioural interventions in addition to state of the art
medical treatment. Compliance with the therapeutic reg-
imen is a central component of the behavioural dimen-
sion of transplant patient’s chronic disease management.
Compliance (synonyms : adherence, concordance) is
defined as : “the extent to which a person’s behaviour
corresponds with the agreed recommendations from a
health care provider” (6-8). 

The life-long therapeutic regimen of the organ trans-
plant recipient is complex, including life-long medica-
tion regimen (including immunosuppressive drugs),
infection prevention, smoking cessation, following alco-
hol guidelines, following dietary guidelines, regular
exercise, and attending to regular clinic visits. 

Ample evidence shows the negative impact of
behavioural factors such as noncompliance with the
immunosuppressive drugs and lack of smoking cessa-
tion on subsequent clinical outcome in organ transplant
populations (6,9-12).

Understanding the behavioural dimension of trans-
plant patients’ management refers to information on
prevalence, determinants and consequences of noncom-
pliance as well as the discussion of compliance enhanc-
ing interventions.

Prevalence of noncompliance with the immuno-
suppressive regimen

Prevalence of noncompliance with immunosuppressive
drugs in solid organ transplantation ranges between 20-
25%, depending on the case finding methods, measure-

ment methods, and operational definitions used (e.g.
REVIEWS : 9-15 ; e.g. RTX : 16-34 ; e.g. HTX : 17,34-
42 ; e.g. LTX : 17,43-47). It is important to notice that
(non)compliance in liver transplantation is still under-
investigated. Only one study to our knowledge has
explored noncompliance with the immunosuppression
in liver transplantation (48).

Measurement methods of medication noncom-
pliance

Direct measurement methods (e.g. observation and
assay) as well as indirect measurement methods (e.g.
self-report, pill count, clinical judgement, collateral
report, and electronic event monitoring) can be used to
assess the prevalence of (non)compliance. Advantages
and disadvantages of direct and indirect measurement
methods have been described in detail elsewhere (49).
Self-report and collateral report underestimate non-
compliance (11,49). Only electronic monitoring (EM)
allows the visualization of individual medication taking
dynamics (49). EM is the most sensitive method to
assess noncompliance to date (50).

Consequences of noncompliance with the
immunosuppressive regimen

Consequences of noncompliance with immunosup-
pressive regimen can be evaluated from a clinical
(REVIEWS : e.g. 9-12 ; e.g. RTX : 15-16,18-20,22-
23,26-29,51-56 ; e.g. HTX : 39,57 ; e.g. LTX : 46,50,58)
and an economic perspective (REVIEW : e.g. 59 ; e.g.
RTX : 60-61 ; e.g. HTX : 35). Noncompliance with
immunosuppressive medication has been associated
with an increased incidence of acute rejections, graft
loss and mortality (REVIEWS : e.g. 9-12 ; e.g. RTX :
15-16,18-20,22-23,26-29,51-56 ; e.g. HTX : 39,57 ; e.g.
LTX : 46,50,58) and with a decreased quality of life (e.g.
RTX : 62 ; e.g. HTX : 63-65 ; e.g. LTX : 66).
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Clinical consequences of noncompliance with the
immunosuppressive regimen

In order to explore the impact of noncompliance with
immunosuppression on clinical outcomes after trans-
plantation, we summarized all available evidence in the
literature exploring noncompliance as a possible etio-
logical factor in the occurrence of late acute rejections
and graft loss after solid organ transplantation. Most evi-
dence is from the renal and heart transplant population,
the liver transplant population is less studied. We calcu-
lated the weighted mean of noncompliance as an etio-
logical factor in the occurrence of clinical events for
each organ transplant type (see figure 1 & 2).

Between 20% and 90% of the late acute rejections
can be linked to noncompliance (RTX : 17,26-27,51 ;
HTX : 17,26-27,38 ; LTX : 17,26-27,46,68-69) (see
figure 1). The weighted mean for noncompliance associ-
ated to graft loss ranged from 2.5% in liver transplanta-
tion to 23.4% in heart transplantation (RTX : 18,20,23-
24,28,54,56,70-77 ; HTX : 17,67,78 ; LTX : 58) (*) (see
figure 2).  

Noncompliance was the third leading cause of mor-
tality in heart transplantation. These findings were based
on a single centre report reanalysing the proportion of
deaths associated to noncompliance as initially reported
by UNOS. Where initially only 2% of the deaths were
reported to be caused by noncompliance, detailed chart
review showed that this proportion was actually 13%,
making noncompliance the 3rd leading cause of patient
mortality in this sample (78). 

Most studies exploring noncompliance as an etiolog-
ical factor in the occurrence of clinical events only grasp
the tip of the iceberg as they only include patients expe-
riencing a clinical event. In order to grasp the whole ice-
berg and to substantiate the effect of subclinical non-
compliance on subsequent clinical outcome, prospective

cohort studies studying patients irrespective of clinical
outcome, provide the strongest evidence to understand
the impact of noncompliance as a risk factor for poor
outcome.

To our knowledge, only 4 prospective cohort studies
have been performed so far in adult solid organ trans-
plant populations, i.e. 2 in heart transplantation (39,67)
and 2 in renal transplantation (22,79). Two of these stud-
ies investigated the impact of noncompliance in the first
year post-transplantation, showing that noncompliance
negatively impacts clinical outcome (RTX : 22 ; HTX :
39) and two focused on late post-transplant noncompli-
ance (i.e. >1 year post-transplantation) (RTX : 79 ;
HTX : 67). Both early and late noncompliance are asso-
ciated with poor clinical outcome (RTX : 22,79 ; HTX :
39,67).

Late noncompliance was assessed in 101 heart trans-
plant patients using electronic event monitoring. Patients
were followed up prospectively for a 5 year period.
Noncompliance showed a significantly shorter clinical
event free time (i.e. composite outcome of late acute
rejection, retransplantation, transplant vasculopathy,
and/or patient death) after 5 years follow-up (67). After
controlling for known predictors for poor post transplant
outcome, the adjusted relative risk for poor outcome was
twofold, indicating that noncompliance doubles the risk
for a negative clinical outcome (67). Another prospec-
tive cohort study in renal transplantation in which late
noncompliance was assessed using self-report, found a
higher rate of late acute rejections and poorer renal func-
tion at 5 years follow-up in noncompliant patients (79).
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LAR : Late acute rejection (i.e. > 1 year post transplantation)
(RTX :17,26-27,51 ; HTX : 17,26-27,38 ; LTX : 17,26-27,46,
68-69).

Fig. 1. — Weighted mean of late acute rejections associated
with noncompliance in adult renal transplant, liver transplant
and heart transplant patients.

(RTX : 18,20,23-24,28,54,56,70-77 ; HTX : 17,67,78 ; LTX :
58).

Fig. 2. — Weighted mean of graft loss associated with non-
compliance in adult renal transplant, liver transplant and heart
transplant patients.

————————
(*) In renal transplantation, there was one outlier, which was not included in the
calculation of the weighted mean, because the chosen operationalization of non-
compliance was not mentioned (75).
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Economic consequences of noncompliance with the
immunosuppressive regimen

In addition to clinical consequences, the effects of
noncompliance can also be evaluated economically. We
performed a full economic evaluation of noncompliance
with immunosuppressive therapy after renal transplanta-
tion, modelling the total costs as well as the life-time
outcomes in terms of QALY’s (Quality Adjusted Life
Years) between compliant and non-compliant
patients (80).

Findings showed that compliance is more costly over
a lifetime. The higher lifetime costs in compliant
patients, however, can be explained through to the high-
er life-expectancy of compliant patients relative to non-
compliant patients (16 versus 12 years). This study how-
ever also demonstrated that outcome expressed in
QALY’s was higher in compliers. Our approach allowed
us to calculate the scope for compliance-enhancing
interventions. The incremental cost per QALY of com-
pliance relative to non-compliance was estimated at
€ 35,021/QALY (80). The economic appropriateness of
compliance enhancing interventions depends on the
maximum societal willingness to pay for a QALY and
the cost per QALY associated with the compliance
enhancing intervention. When the societal willingness to
pay for a QALY equals or exceeds € 35,021/QALY,
there is scope for compliance enhancing interven-
tions (80).

The cost per QALY of the compliance-enhancing
intervention will be determined by the strategy chosen :
intervening in all patients or only in those identified at
risk for non-compliance. The latter option will turn out
to be cheaper if it can be performed in an efficient way,
i.e. by identifying noncompliers using valid and reliable
measurement tools (i.e. electronic event monitoring) or
by using clusters of risk factors that are associated with
a high probability for noncompliance. Understanding
these risk factors is therefore crucial for effective trans-
plant patient management. Moreover, established modi-
fiable determinants of noncompliance provide also the
basis for developing compliance enhancing interven-
tions (80).

Determinants of noncompliance with the
immunosuppressive regimen

According to a literature review recently published by
the WHO (6), determinants or correlates of noncompli-
ance can be categorized in 5 groups : 1. socio-economic
factors, 2. patient related factors, 3. condition or disease
related factors, 4. therapy or treatment related factors,
and 5. health care system and health care team related
factors, respectively.

Patient related factors have been most explored,
health care team and health care system related factors
less, clearly indicating a bias in the literature seeing the

patient as the defaulter. Most studies on determinants of
noncompliance are performed in the renal and heart
transplant populations.

Socio-economic risk factors for noncompliance with
immunosuppression regimen refer to age (i.e. adoles-
cence), economic factors (e.g. cost of medication) and
social factors (e.g. lack of social support, family insta-
bility, social isolation) (e.g. in RTX : 17,24,26-
27,30,81 ; e.g. in HTX : 17,26-27,36 ; e.g. in LTX :
17,26-27,44).

Patient related variables found to be associated with
noncompliance in solid organ transplant populations are
cognitive impairment, functional and sensorial limita-
tions (e.g. impaired vision, hearing deficits), low self-
efficacy with medication taking, knowledge deficit,
inadequate health beliefs (e.g. believing that patients
with a living related donor need less immunosuppres-
sion) and a low perception of vulnerability to complica-
tions (e.g. rejections and graft loss). Previous noncom-
pliance has also been associated with current and future
noncompliance (e.g. in RTX : 16-17,23-30,55,81 ; e.g.
in HTX : 17,26-27,36,38,82 ; e.g. in LTX : 17,26-
27,44,50,83). 

Condition related factors found to be associated with
noncompliance in transplantation are depression, sub-
stance abuse and absence of symptoms (e.g. in RTX :
19,29-30,55,81). 

Treatment related factors that have been demonstrat-
ed to be associated with an increased risk for noncom-
pliance are complexity of treatment regimen (e.g. num-
ber of drugs and doses prescribed), longer duration of
the treatment (life-long medication taking), and patient’s
perceptions associated with side-effects of the immuno-
suppressive medication (e.g. cosmetic side-effects such
as excessive hair growth, moon face) (e.g. in RTX :
19,29-30,55,81).

A recent report of the WHO (6) underscores the
importance of health care system and health care team
related factors as determinants of noncompliance. The
number of health care system / health care team related
factors with regard to noncompliance investigated in the
solid organ transplant population is however limited.
Determinants of noncompliance substantiated include
e.g. an authoritarian communication style of the health
care worker, lack of knowledge of the health care work-
er concerning (non)compliance, and time constraints
during clinical consultations. (e.g. in RTX : 24-
25,28,84 ; e.g. in LTX : 85). 

Importantly, noncompliance needs to be seen as an
epiphenomenona. Several possible determinants,
correlates or risk factors of noncompliance with
immunosuppression regimen can contribute to patients
not correctly taking the immunosuppressive drugs in
organ transplant populations. Diverse dynamics can lead
to noncompliance. Understanding these risk factors and
dynamics in individual patients is a first step to identify
possible options for tailored compliance enhancing
interventions.
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Compliance enhancing interventions

Effective compliance enhancing interventions have
been shown to be high dose, multilevel, and applied over
a longer period of time (6,86-92). Importantly, educa-
tional interventions alone are not effective to improve
compliance (86-92). It is the combination of education-
al, behavioural and social support interventions that is
most promising in increasing the likelihood of medica-
tion compliance (86-92). Most suggested interventions
are aimed to target the patient. Yet, increasing evidence
shows that also the system of care should be adapted to
optimise compliance interventions (6).

To our knowledge, only one RCT testing the effec-
tiveness of a compliance enhancing intervention in iden-
tified noncompliers, has been performed in adult renal
transplant recipients (University of Basel). This study
showed that a 3 months high-dose, multi-level interven-
tions increases compliance (i.e. SMART trial) (93, De
Geest et al., work in progress).

Parallel with tailored patient interventions targeting
modifiable determinants and integrating evidence from
RCT’s, attention should also be given to interventions
targeting the system level, i.e. implementing core sys-
tems tuned towards chronic disease management as
mentioned before.

Compliance enhancing interventions

Educational interventions improve knowledge, but do
not guarantee behavioural change (86-92,94-97).
Education focuses on factual knowledge transfer related
to medication-taking related aspects (e.g. intended effect
of medication, medication administration, potential
side-effects, as well as problem solving strategies).
Patient education will be most effective if it is adapted to
the cognitive, developmental and intellectual capacities
of the individual patient. A combination of oral and writ-
ten information using a stepwise approach is preferred.
A formal evaluation will help to determine if the patient
has understood the information correctly. The use of
computed assisted learning tools seems to be a promis-
ing tool for standardized patient education (e.g. OTIS® -
Roche Pharmaceuticals).

In addition to educational strategies, interventions
with the goal to increase compliance should also include
behavioural strategies. Interventions aiming at increas-
ing self-efficacy with medication taking and self-man-
agement of different aspects of the therapeutic regimen,
have been shown to be effective (86-92,98-103). Further,
the treatment should be simplified as much as possible.
Other options include the use of medication aids (e.g.
pill boxes and reminders), tailoring (i.e. adapting the
regimen into the patient’s life style) and cueing (i.e.
taking the medication in combination with routine
behaviours, such as tooth brushing, or at meal time).

A last set of strategies used to improve adherence, are
social support interventions (86-92,96,104). Involve-

ment of family members in the patient’s treatment plan
(i.e. preparing medication, reminding the patient to take
medication, redeeming prescriptions), and the building
of a trustful relationship between the patient and the
health care worker, have all been described to improve
compliance behaviour (86-92,96,104). 

Transplantation is a chronic condition, that renders
acute care models inappropriate to address transplant
patients’ health needs and to achieve optimal outcomes.
Chronic disease management models, as they inherently
integrate psychosocial and behavioral aspects of the
patient’s management, have the potential to affect
patients’ medication adherence behavior. The main chal-
lenge is to integrate adherence enhancing interventions
in transplant patients’ management, as the previously
mentioned acute care paradigm in transplant follow-up
can not provide the time to focus on behavioral aspects.
Moreover, it should be guaranteed that knowledge and
skills to perform behavioral interventions are available
in transplant teams (6). 

Recommendations for future research

In order to strengthen the behavioural dimension of
transplant patient’s management, following aspects need
to be further explored and addressed in future research.
The prevalence and consequences of noncompliance
with the immunosuppressive regimen, needs to be re-
explored as newer immunosuppressive regimens are
used in patients. Exploration of determinants / correlates
/ risk factors for nonadherence should also include
health care team and health care system related factors.
The area of nonadherence with immunosuppressive
regimen in liver transplantation should be further
explored, given the relative lack of evidence in this area.
Studies focusing on prevalence, determinants and conse-
quences of noncompliance with immunosuppressive
regimen should use electronic event monitoring for
compliance measurement, as this is the most sensitive
method to date. Finally, there is a need for RCT’s testing
the effectiveness of compliance enhancing interventions.
Outcomes tested should be adherence as well as the
impact of these interventions on clinical outcome.

References

1. BENFIELD M.R. Current status of kidney transplant : update 2003.
Pediatr. Clin. North Am., 2003, 50 : 1301.

2. DJAMALI A., PREMASATHIAN N., PIRSCH J.D. Outcomes in kidney
transplantation. Semin. Nephrol., 2003, 23 : 306.

3. SMITH L., FARRONI J., BAILLIE B.R., HAYNES H. Heart transplanta-
tion an answer for end-stage heart failure. Crit. Care Nurs. Clin. North Am.,
2003, 15 : 489.

4. NASH K.L, GIMSON A.E. Liver transplantation. Hosp. Med., 2003, 64 :
200.

5. RAND E.B., OLTHOFF K.M. Overview of pediatric liver transplantation.
Gastroenterol. Clin. North Am., 2003, 32 : 913.

6. WORLD HEALTH ORGANIZATION. Adherence to long-term therapies.
Evidence for action. 2003.

7. HAYNES R.B. Determinants of compliance : The disease and the mechan-
ics of treatment. In : HAYNES R.B., TAYLOR & SACKETT D.L. (eds).

Acta Gastro-Enterologica Belgica, Vol. LXVIII, July-September 2005



Noncompliance with immunosuppressive regimen in organ transplantation 351

Compliance in Health Care. (1979). Baltimore : Johns Hopkins University
Press.

8. RAND C.S. Measuring adherence with therapy for chronic diseases :
Implications for the treatment of heterozygous familial hypercholes-
terolemia. Am. J. Cardiol., 1993, 72 : 68D.

9. WAINWRIGHT S.P., GOULD D. Non-adherence with medications in
organ transplant patients : A literature review. J. Adv. Nurs., 1997, 26 : 968.

10. LAEDERACH-HOFMANN K., BUNZEL B. Noncompliance in organ
transplant recipients : A literature review. Gen. Hosp. Psychiatry, 2000,
22 : 412.

11. CHISHOLM M.A. Issues of adherence to immunosuppressant therapy
after solid-organ transplantation. Drugs, 2002, 62 : 567,

12. NEVINS T.E., MATAS A.J. Medication noncompliance : another iceberg’s
tip. Transplantation, 2004, 77 : 776. 

13. RIANTHAVORN P., ETTENGER R.B., MALEKZADEH M., MARIK
J.L., STRUBER M. Noncompliance with immunosuppressive medications
in pediatric and adolescent patients receiving solid-organ transplants.
Transplantation, 2004, 77 : 778.

14. DI MATTEO M. R. Variations in patients’ adherence to medical recom-
mendations : a quantitative review of 50 years of research. Med. Care,
2004, 42 : 200.

15. BUTLER J.A., RODERICK P., MULLEE M., MASON J.C.,
PEVELER R.C. Frequency and impact of nonadherence to immuno-
suppressants after renal transplantation : a systematic review. Trans-
plantation, 2004, 77 : 769.

16. DE GEEST S., BORGERMANS L., GEMOETS H. et al. Incidence, deter-
minants, and consequences of subclinical noncompliance with immuno-
suppressive therapy in renal transplant recipients. Transplantation, 1995,
59 : 340.

17. SCHWEIZER R.T., ROVELLI M., PALMERI D., VOSSLER E.,
HULL D., BARTUS S. Noncompliance in organ transplant recipients.
Transplantation, 1990, 49 : 374.

18. HONG J.H., SUMRANI N., DELANEY V., DAVIS R.,
DIBENEDETTO A., BUTT K.M.H. Causes of late renal allograft failure in
the ciclosporin era. Nephron., 1992, 62 : 272.

19. HILBRANDS L.B., HOITSMA A.J., KOENE R.A.P. Medication compli-
ance after renal transplantation. Transplantation, 1995, 60 : 914.

20. MICHELON T., DOMINGUEZ V., LOSEKAN A. et al. Kidney graft
failure due to noncompliance. Transplant. Proc., 1999, 31 : 3031.

21. BUNZEL B., LAEDERACH-HOFMANN K. Solid organ transplantation :
Are there predictors for post-transplant noncompliance ? A literature
overview. Transplantation, 2000, 70 : 711.

22. NEVINS T.E., KRUSE L., SKEANS M.A., THOMAS W. The natural his-
tory of azathioprine compliance after renal transplantation. Kidney Int.,
2001, 60 : 1565.

23. DIDLAKE R.H., DREYFUS K., KERMAN R.H., VAN BUREN C.T.,
KAHAN B.D. Patient noncompliance : A major cause of late graft failure
in cyclosporine-treated renal transplants. Transplant. Proc., 1988, 20 : 63.

24. KILEY D.J., LAM C.S., POLLAK R. A study of treatment compliance fol-
lowing kidney transplantation. Transplantation, 1993, 55 : 51.

25. RAIZ L.R., KILTY K.M., HENRY M.L., FERGUSON R.M. Medication
compliance following renal transplantation. Transplantation, 1999, 68 : 51.

26. ROVELLI M., PALMERI D., VOSSLER E., BARTUS S., HULL D.,
SCHWEIZER R. Noncompliance in organ transplant recipients.
Transplant. Proc., 1989, 21 : 833.

27. ROVELLI M., PALMERI D., VOSSLER E., BARTUS S., HULL D.,
SCHWEIZER R. Noncompliance in renal transplant recipients :
Evaluation by socioeconomic groups. Transplant. Proc., 1989, 21 : 3979.

28. BUTKUS D.E., MEYDRECH E.F., RAJU S.S. Racial differences in the
survival of cadaveric renal allografts. N. Engl. J. Med., 1992, 327 : 840.

29. SKETRIS I., WAITE N., GROBLER K., WEST M., GERUS S. Factors
affecting compliance with cyclosporine in adult renal transplant patients.
Transplant. Proc., 1994, 26 : 2538.

30. GREENSTEIN S., SIEGAL B. Compliance and noncompliance in patients
with a functioning renal transplant : A multicenter study. Transplantation,
1998, 66 : 1718.

31. GREENSTEIN S., SIEGAL B. Evaluation of a multivariate model predict-
ing noncompliance with medication regimens among renal transplant
patients. Transplantation, 2000, 69 : 2226.

32. MEYERS K. E., THOMSON P. D., WEILAND H. Noncompliance in chil-
dren and adolescents after renal transplantation. Transplantation, 1996,
62 : 186.

33. BLOWEY D.L., HEBERT D., ARBUS G.S., POOL R., KORUS M.,
KOREN G. Compliance with cyclosporine in adolescent renal transplant
recipients. Pediatr. Nephrol., 1997, 11 : 547.

34. PARIS W., MUCHMORE J., PRIBIL A., ZUHDI N., COOPER D.K. Study
of the relative incidences of psychosocial factors before and after heart

transplantation and the influence of posttransplantation psychosocial fac-
tors on heart transplantation outcome. J. Heart Lung Transplant., 1994, 13 :
424.

35. SISSON S., TRIPP J., PARIS W., COOPER D.K., ZUHDI N. Medication
noncompliance and its relationship to financial factors after heart trans-
plantation. J. Heart Lung Transplant., 1994, 13 : 930.

36. SHAPIRO P.A., WILLIAMS D. L., FORAY A.T., GELMAN I.S.,
WUKICH N., SCIACCA R. Psychosocial evaluation and prediction of
compliance problems and morbidity after heart transplantation.
Transplantation, 1995, 60 : 1462.

37. DEW M.A., ROTH L.H., THOMPSON M.E., KORMOS R.L.,
GRIFFITH B.P. Medical compliance and its predictors in the first year after
heart transplantation. J. Heart Lung Transplant., 1996, 15 : 631.

38. DE GEEST S., ABRAHAM I., MOONS P. et al. Late acute rejection and
subclinical noncompliance with cyclosporine therapy in heart transplant
recipients. J. Heart Lung Transplant., 1998, 17 : 854.

39. DEW M.A., KORMOS R.L., ROTH L.H., MURALI S., DIMARTINI A.,
GRIFFITH B.P. Early post-transplant medical compliance and mental
health predict physical morbidity and mortality one to three years after
heart transplantation. J. Heart Lung Transplant., 1999, 18 : 549.

40. DEW M.A. Quality-of-life studies : organ transplantation research as an
exemplar of past progress and future directions. J. Psychosom. Res., 1998,
44 : 189.

41. GRADY K.L., JALOWIEC A., WHITE-WILLIAMS C. Patient compli-
ance at one year and two years after heart transplantation. J. Heart Lung
Transplant., 1998, 17 : 383.

42. CHERUBINI P., RUMIATI R., BIGONI M., TURSI V., LIVI U. Long-term
decrease in subjective perceived efficacy of immunosuppressive treatment
after heart transplantation. J. Heart Lung Transplant., 2003, 22 : 1376.

43. SURMAN O.S., DIENSTAG J.L., COSIMI A.B., CHAUNCEY S.,
RUSSELL P.S. Psychosomatic aspects of liver transplantation. Psychother.
Psychosom., 1987, 48 : 26.

44. SURMAN O.S. Psychiatric aspects of organ transplantation. Am. J.
Psychiatry, 1989, 146 : 972.

45. BERESFORD T.P., SCHWARTZ J., WILSON D., MERION R.,
LUCEY M.R. The short-term psychological health of alcoholic and non-
alcoholic liver transplant recipients. Alcohol. Clin. Exp. Res., 1992, 16 :
996. 

46. MOR E., GONWA T.A., HUSBERG B.S., GOLDSTEIN R.M.,
KLINTMALM G.B. Late-onset acute rejection in orthotopic liver trans-
plantation-associated risk factors and outcome. Transplantation, 1992, 54 :
821.

47. BERLAKOVICH G.A., LANGER F., FREUNDORFER E. et al. General
compliance after liver transplantation for alcoholic cirrhosis. Transpl. Int.,
2000, 13 : 129.

48. DRENT G., DE GEEST S., HAAGSMA E.B. et al. Prevalence of non-
compliance with the immunosuppressive therapy after orthotopic liver
transplantation. First European Symposium on Noncompliance in Trans-
plantation. Hof bei Salzburg, Austria, February 4-6. 1999. Nephrol., Dial.
and Transpl., 1999, 14 : 1809.

49. DE GEEST S., ABRAHAM I., DUNBAR-JACOB J. Measuring transplant
patients’ compliance with immunosuppressive therapy. West J. Nurs. Res.,
1996, 18 : 595.

50. LURIE S., SHEMESH E., SHEINER P.A. Non-adherence in pediatric liver
transplant recipients-an assessment of risk factors and natural history.
Pediatr. Transplant., 2000, 4 : 200.

51. REINKE P., FIETZE E., DOCKE W.D., KERN F., EWERT R.,
VOLK H.D. Late acute rejection in long-term renal allograft recipients.
Diagnostic and predictive value of circulating activated T cells.
Transplantation, 1994, 58 (1) : 35.

52. RODRIGUEZ A., DIAZ M., COLON A., SANTIAGO D. E.A.
Psychosocial profile of noncompliant transplant patients. Transplant.
Proc., 1991, 23 : 1807.

53. DOUGLAS S., BLIXEN C., BARTUCCI M.R. Relationship between pre-
transplant noncompliance and posttransplant outcomes in renal transplant
recipients. J. Transpl. Coord., 1996, 6 : 53.

54. GARCIA V., BITTAR A., KEITEL E. et al. Patient noncompliance as a
major cause of kidney graft failure. Transplant. Proc., 1997, 29 : 252.

55. SIEGAL B.R., GREENSTEIN S.M. Postrenal transplant compliance from
the perspective of African-Americans, Hispanic-Americans, and Anglo-
Americans. Adv. Ren. Replace Ther., 1997, 4 : 46.

56. GASTON R., HUDSON S., WARD M., JONES R., MACON R. Late renal
allograft loss : Noncompliance masquerading as chronic rejection.
Transplant. Proc., 1999, 31 (suppl 4A) : 21S.

57. ZERWIC J.J., SHERRY D.C., SIMMONS B., WUNG S.F. Noncompliance
in heart transplantation : a role for the advanced practice nurse. Prog.
Cardiovasc. Nurs., 2003, 18 : 141.

Acta Gastro-Enterologica Belgica, Vol. LXVIII, July-September 2005



352 A. Desmyttere et al.

58. RABKIN J.M., DE LA MELENA V., ORLOFF S.L., CORLESS C.L.,
ROSEN H.R., OLVAEI A.J.A. Late mortality after orthotopic liver trans-
plantation. Am. J. Surg., 2001, 181 : 475.

59. CLEEMPUT I., KESTELOOT K., DE GEEST S. A review of the literature
on the economics of noncompliance. Room for methodological improve-
ment. Health Policy, 2002, 59 : 65.

60. EVANS R.W., KITZMANN D.J. An economic analysis of kidney trans-
plantation. Surg. Clin. North Am., 1998, 78 : 149.

61. CLEEMPUT I., KESTELOOT K., VANRENTERGHEM Y., DE GEEST S.
Economische evaluatie in niertransplantatie. Effectenmeting en kosten-
utiliteit van therapieontrouw. Phd thesis, 2003. 

62. JOSEPH J.T., BAINES L.S., MORRIS M.C., JINDAL R.M. Quality of life
after kidney and pancreas transplantation : a review. Am. J. Kidney Dis.,
2003, 42 : 431.

63. ERDMAN R.A., HORSTMAN L., VAN DOMBURG R. T., MEETER K.,
BALK A.H. Compliance with the medical regimen and partner’s quality of
life after heart transplantation. Qual. Life Res., 1993, 2 : 205.

64. CAMPBELL B., ETRINGER G. Posttransplant quality of life issues :
depression-related noncompliance in cardiac transplant patients.
Transplant. Proc., 1999, 31 : 59S.

65. BARR M.L., SCHENKEL F.A., VAN KIRK A. et al. Determinants of
quality of life changes among long-term cardiac transplant survivors :
results from longitudinal data. J. Heart Lung Transplant., 2003, 22 : 1157.

66. KOBER B., KUCHLER T., BROELSCH C., KREMER B., HENNE-
BRUNS D. A psychological support concept and quality of life research in
a liver transplantation program : an interdisciplinary multicenter study.
Psychother. Psychosom., 1990, 54 : 117.

67. DOBBELS F., DE GEEST S., VAN CLEEMPUT J., DROOGNE W., VAN-
HAECKE J. Effect of late medication noncompliance on subsequent out-
come after heart transplantation : A five years follow-up. J. Heart Lung
Transplant. (in press).

68. ANAND A.C., HUBSCHER S.G., GUNSON B.K., MC MASTER P.,
NEUBERGER J.M. Timing, significance, and prognosis of late acute liver
allograft rejection. Transplantation, 1995, 60 : 1098.

69. CAKALOGLU Y., DEVLIN J., O’GRADY J. et al. Importance of con-
comitant viral infection during late acute liver allograft rejection.
Transplantation, 1995, 59 : 40.

70. MICHELON T.F., PIOVESAN F., POZZA R. et al. Noncompliance as a
cause of renal graft loss. Transplant. Proc., 2002, 34 (7) : 2768.

71. IRISH W., SHERRILL B., BRENNAN D.C., LOWELL J.,
SCHNITZLER M. Three-year posttransplant graft survival in renal-trans-
plant patients with graft function at 6 months receiving tacrolimus or
cyclosporine microemulsion within a triple-drug regimen. Transplantation,
2003, 76 (12) : 1686.

72. SHOSKES D.A., AVELINO L., BARBA L., SENDER M. Patient death or
renal graft loss within 3 yr of transplantation in a county hospital : impor-
tance of poor initial graft function. Clin. Transplant., 1997, 11 : 618.

73. BALTZAN M.A., SHOKER A.S., BALTZAN R.B., GEORGE D. HLA-
identity-long-term renal graft survival, acute vascular, chronic vascular,
and acute interstitial rejection. Transplantation, 1996, 61 : 881.

74. DUNN J., GOLDEN D., VAN BUREN C. T., LEWIS R.M., LAWEN J.,
KAHAN B.D. Causes of graft loss beyond two years in the cyclosporine
era. Transplantation, 1990, 49 : 349.

75. ISAACS R.B., CONNERS A. Jr., NOCK S., SPENCER C., LOBO P.
Noncompliance in living-related donor renal transplantation : the United
Network of Organ Sharing experience. Transplant. Proc., 1999, 31 : 19S.

76. MATAS A.J., GILLINGHAM K.J., PAYNE W.D., NAJARIAN J.S. The
impact of an acute rejection episode on long-term renal allograft survival
(t1/2). Transplantation, 1994, 57 : 857.

77. MATAS A. J., HUMAR A., GILLINGHAM K.J. et al. Five preventable
causes of kidney graft loss in the 1990s : a single-center analysis. Kidney
Int., 2002, 62 : 704.

78. LAWLESS C.E., DUSCK L.K., JARECKI N. et al. Impact of patient non-
compliance on survival in cardiac transplant recipients. J. Heart Lung
Transplant., 1999, 18 : 38.

79. VLAMINCK H., MAES B., EVERS G. et al. Prospective study on late
consequences of subclinical non-compliance with immunosuppressive
therapy in renal transplant patients. Am. J. Transplant., 2004, 4 : 1509.

80. CLEEMPUT I., KESTELOOT K., VANRENTERGHEM Y., DE GEEST S.
The economic implications of non-adherence after renal transplantation.
Pharmacoeconomics (in press).

81. FRAZIER P.A., DAVIS-ALI S.H., DAHL K.E. Correlates of noncompli-
ance among renal transplant recipients. Clin. Transplant., 1994, 8 : 550.

82. LEEDHAM B., MEYEROWITZ B.E., MUIRHEAD B.E., FRIST W.H.
Positive expectations predict health after heart transplantation. Health
Psychol., 1995, 14 : 74.

83. SHEMESH E., SHNEIDER B.L., SAVITZKY J.K. et al. Medication
adherence in pediatric and adolescent liver transplant recipients. Pediatrics,
2004, 113 : 825.

84. CHISHOLM M.A., MULLOY L.L., JAGADEESAN M., DIPIRO J.T.
Impact of clinical pharmacy services on renal transplant patients’ complian-
ce with immunosuppressive medications. Clin. Transplant., 2001, 15 : 330.

85. PARIS W., DUNHAM S., SEBASTIAN A., JACOBS C., NOUR B.
Medication nonadherence and its relation to financial restriction. J.
Transpl. Coord., 1999, 9 : 149.

86. CHAPMAN J.R. Compliance : the patient, the doctor, and the medication ?
Transplantation, 2004, 77 : 782.

87. HAYNES R.B., MC KIBBON K.A., KANANI R. Systematic review of
randomised trials of interventions to assist patients to follow prescriptions
for medication. Lancet, 1996, 348 : 383.

88. HAYNES R.B., MC DONALD H., GARG A.X., MONTAGUE P.
Interventions for helping patients to follow prescriptions for medication.
Cochrane Database Syst. Rev., 2002, 2 : CD000011.

89. ROTER D.L., HALL J.A., MERISCA R., NORDSTROM B., CRETIN D.,
SVARSTAD B. Effectiveness of interventions to improve patient compli-
ance : a meta-analysis. Med. Care, 1998, 36 : 1138.

90. MC DONALD H.P., GARG A.X., HAYNES R.B. Interventions to enhance
patient adherence to medication prescriptions : scientific review. JAMA,
2002, 288 : 2868.

91. PETERSON A.M., TAKIYA L., FINLEY R. Meta-analysis of trials of
interventions to improve medication adherence. Am. J. Health Syst.
Pharm., 2003, 60 : 657.

92. LOGHMAN-ADHAM M. Medication noncompliance in patients with
chronic disease : issues in dialysis and renal transplantation. Am. J. Manag.
Care, 2003, 9 : 155.

93. DE GEEST S., SCHÄFER-KELLER P., DENHAERYNCK K. et al.
Supporting medication adherence in renal transplantation. The SMART-
study : Pilot findings. 35th Annual meeting of the Swiss Society of
Nephrology. December 4-5th, 2004. Swiss Medical Weekly, 2003, 133
Suppl. 138.

94. HUSSEY L.C. Minimizing effects of low literacy on medication knowl-
edge and compliance among the elderly. Clin. Nurs. Res., 1994, 3 : 132.

95. AKYOLCU N. Patient education in renal transplantation. EDTNA ERCA
J., 2002, 28 : 176.

96. KRUMHOLZ H.M., AMATRUDA J., SMITH G.L. et al. Randomized trial
of an education and support intervention to prevent readmission of patients
with heart failure. J. Am. Coll. Cardiol., 2002, 39 : 83.

97. BAHRUTH A.J. What every patient should know… pretransplantation and
posttransplantation. Crit. Care Nurs. Q., 2004, 27 : 31.

98. CONN V., TAYLOR S., MILLER R. Cognitive impairment and medication
adherence. J. Gerontol. Nurs., 1994, 20 : 41.

99. BURKE L. E., DUNBAR-JACOB J.E. Adherence to medication, diet, and
activity recommendations : from assessment to maintenance. J.
Cardiovasc. Nurs., 1995, 9 : 62.

100. DUNBAR-JACOB J., SCHELENK E.A. Can poor compliance be
improved ? Ann. Behav. Med., 1995, 17S : 50.

101. ROGERS P.G., BULLMAN R. Prescription medicine compliance, a review
of baseline knowledge. In : FINCHMAN (ed). Advancing Prescription
medicine compliance. New paradigms, new practices. Binghampton NY,
Haworth press, 1995.

102. NEWTON S.E. Promoting adherence to transplant medication regimens :
a review of behavioral analysis. J. Transpl. Coord., 1999, 9 : 13.

103. CUPPLES S.A., STESLOW B. Use of behavioral contingency contracting
with heart transplant candidates. Prog. Transplant., 2001, 11 : 137.

104. TURNER R.J., MARINO F. Social support and social structure. A descrip-
tive epidemiology. J. Health Soc. Behav., 1994, 35 : 193.

Acta Gastro-Enterologica Belgica, Vol. LXVIII, July-September 2005


