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Background: The aim of this study was to study the determinants of nonadherence to immunosuppressant drugs
in liver transplant (LT) recipients using personalised interview and questionnaire methods. Methods: The study
was conducted on adult LT recipients (deceased donor liver transplant [DDLT] and living donor liver transplant
[LDLT]) from the Indian subcontinent, at post-LT clinic visit between July and December 2016. Recipient details
included baseline demography, comorbidity, psychological status, details of addiction, indication and type of
transplant. Details on financial support for transplantation, admissions for rejection, infection and posttrans-
plant complications were obtained from the hospital records. An adherence questionnaire was completed by
direct interview and using a questionnaire. Results: Sixty-seven LT recipients (56 males, median age 48.17 years)
constituted the study group. Overall, 11 patients (16.47%) were nonadherent to treatment. LDLT recipients were
more adherent than DDLT recipients. Nonadherent recipients were believers in alternative systems of medicine.
Medication-related factors such as improper dosing, meagre drug knowledge difficulty in remembering drug
dose and timings and economic constraints in continuingmedical treatment were statistically significant in non-
adherent recipients. Although variation in the tacrolimus levels were significantly more common in the nonad-
herent group, acute cellular rejection and infection were not statistically different. Conclusions: The prevalence of
nonadherence was 16.5%. Determinants of nonadherence were DDLT, belief in alternative medications, high
regimen complexity, poor knowledge about medications and cost issues with long-term medications. ( J CLIN

EXP HEPATOL 2019;9:676–683)
The term compliance has been defined by the World
Health Organization as “the extent to which a pa-
tient's behaviour coincides with the clinical pre-

scription”.1 Adherence to medical treatment is based not
only on taking drugs at proper time and dosage but also
on regular hospital visits, undergoing recommended blood
tests and other investigations and finally reportingmedical
complications if any to the treating physician. Patients
who refrain to follow one or more of the aforementioned
parameters are labelled as nonadherent.2,3

Immunosuppressive therapy is an absolute necessity in
patients who underwent liver transplant (LT) to avoid graft
rejection. Nonadherence with treatment leads to graft
rejection and graft loss.4–6 Assessment of nonadherence
is challenging in the absence of accurate objective
measurement techniques.2,7,8 Schweizer et al9 were the first
to report nonadherence in 15%–18% of a cohort of solid or-
gan transplant recipients. Confirming the importance of
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adherence, they reported that 91% of noncompliant kidney
transplant recipients suffered death or graft loss.9 Several
studies thereafter4–6,10,11 have evaluated nonadherence
using different study methods. They reported
nonadherence rates ranging from 5.6 to 73%.

Although liver transplantation as a treatment modality
has been developing exponentially in Asia over the last 10–
15 years, there has been limited literature assessing the
prevalence of drug noncompliance. The present study
was undertaken to define the determinants of nonadher-
ence to medications in LT recipients using interview and
questionnaire methods.
MATERIALS AND METHODS

This cross-sectional study was conducted at the Institute of
Liver Disease and Transplantation, Gleneagles Global
Health City, Chennai. All adult LT recipients of Indian
origin (both deceased donor liver transplant [DDLT] and
living donor liver transplant [LDLT]), attending posttrans-
plant clinic over a six-month period between July and
December 2016 were enrolled in the study. Patients within
3 months of LT were excluded from the study because
they are usually closelymonitored. Patients were enrolled af-
ter obtaining written informed consent.

All recipients were counselled during pretransplant
workup about the long-term follow-up after LT, the
importance of adherence to medications and the
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Table 1 Details of Initial Medications and Follow-up—
Institutional Protocol.
Medication protocol
1. Prednisolone
20 mg/day, taper to 2.5 mg per week after 2–3 weeks
Continue 5 mg indefinitely in case of AIH and repeated rejections.

2. Tacrolimus
Initiate with 0.5 mg of BD, dose increased to achieve a trough of level
of 6–8 ng/ml. Shift to extended-release tacrolimus after 3 months, if
needed

3. Mycophenolate mofetil
250–500 mg of BD, to discontinue by one year

4. Fluconazole—200 mg once daily for one month
5. Valganciclovir—450 mg twice a day for 3 months
6. Multivitamins—Neurobion Forte � 3 months and Folvite 5 mg

a day for 3 months; calcium for 1 year
7. Everolimus/Certican—If contraindication to tacrolimus, e.g.,

nephrotoxicity and neurotoxicity, check urine routine and tri-
glyceride levels before starting everolimus

8. Others—Ranitidine for a month; UDCA for cholestasis
Follow-up
Biweekly tests (initial 6 weeks)—Blood counts, liver function tests,
renal function tests, serum magnesium and tacrolimus blood levels
Radiological investigations as per requirement
Regular visit to the posttransplant OP clinic
Local patients
First 6 weeks: Biweekly visit; for 3 months: once a week; for 1 year
thereafter: once a month; beyond one year: once in three months
Outstation patients
First three months, as local patients; later, follow-up with referral
physician
Correspondence via email in structured format

AIH, autoimmune hepatitis, BD, twice daily; UDCA, ursodeoxycholic
acid; OP, out patient

Informed consent 
obtained

•All adult liver transplant recipients of Indian origin 
(both DDLT and LDLT),  a�ending post-transplant 
clinic between July-Dec 2016 approached for 
enrolment and informed wri�en consent obtained

Determing Non 
adherence 

• Interview by the primary inves�gator using the 
predesigned ques�onnaire

•Demonstra�on of familiarity of medica�on use to 
the primary inves�gator 

Determining non 
complianc

•calcula�on of varia�on in blood tacrolimus levels

Impact of non 
adherence and non 

compliance

•Complica�ons  requiring admission / episodes of 
rejec�on noted from post transplant clinic records

Figure 1 The study design.
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approximate recurrent expenditure likely to be incurred
after LT, i.e., Rs 40,000/- ($500) approximately for the
initial 3 months and Rs 15,000/- ($200) thereafter. The
details of medications and follow-up protocol at our
institute are mentioned in Table 1. The importance of
compliance was reiterated during the inpatient stay,
and patients and caregivers were tested to confirm
knowledge of their medications before discharge and
during posttransplant clinic visits.

In the absence of an approved Indian proforma for as-
sessing medication adherence, a simple questionnaire
was formulated as per clinical experience of the team,
and major parameters likely to affect adherence were
included. Before finalisation of the study protocol, the
questionnaire was piloted in 20 recipients of Indian origin.
Six questions were modified for language based on the
feedback provided to improve comprehension.

The algorithm for patient recruitment and assessment
in the study is shown in Figure 1. The questionnaire was
completed by the patients under the supervision of an
investigator (M.J.). The questionnaire included demo-
Journal of Clinical and Experimental Hepatology | November–December 201
graphic details, socioeconomic parameters as per modified
Kuppuswamy socioeconomic scale,12 physician-related fac-
tors and medication-related factors. The patients were
asked to demonstrate their familiarity with names of med-
ications, dosage and schedule under direct observation by
the investigator (M.J.). This included immunosuppressive
agents and nonimmunosuppressive medications such as
supplements and specific medications for diabetes, hypo-
thyroidism, coronary heart disease, hypertension and hep-
atitis B or C virus infection. Use of complementary and
alternative medications (CAM), if any, during follow-up
was also recorded in the questionnaire. Table 2 highlights
the points assessed in the questionnaire.

Tacrolimus trough values were tested on the day of
interview. Tacrolimus levels were also noted for the preced-
ing two visits and three subsequent visits to assess varia-
tion in blood tacrolimus levels. Details of post-LT
admissions for rejection, infection and other complica-
tions were extracted from hospital records for the preced-
ing duration (at least 3 months—maximum one year).

Adherence questionnaire was completed on the day of
visit to the posttransplant clinic. Patients were considered
nonadherent when they failed to demonstrate the dosing
schedule for one or more prescribed immunosuppressant
drugs. Variability in blood tacrolimus levels was reported
as the standard deviation (SD) of six consecutive blood ta-
crolimus levels. An SD greater than 2.5 was considered as a
9 | Vol. 9 | No. 6 | 676–683 677



Table 2 Proforma Used for the Study.

Demographic details

1. Name initials
2. UHID No:
3. Age
4. Sex
5. Indication for Liver Transplant
6. Type of transplant- DDLT/LDLT
7. Duration since transplant
8. Marital status- Married/Unmarried

Socioeconomic status

9. Residence: Rental/Non rental
10. Source of financial support for liver transplant: self/loan/sold property
11. Support/funding from employers/Insurance/CGHS/others (specify)Pretransplant counselling
12. Were you informed about the need for lifelong medication after liver transplant? Yes/No
13. Were you informed about the side effects and cost of the drugs likely to be incurred after transplant? Yes/No
14. Were you informed about the repeated blood checks required in the post op period and the likely cost of each test? Yes/no

Clinical variables
a. Addictions- currently: smoking/alcohol
b. Comorbidity (posttransplant) DM/HTN/TB/CKD/others

Psychosocial variables
a. Depression/anxiety (assessment form attached)
b. Belief in complementary/ayurvedic medications: yes/no

Physician related factors

Doctor interaction- time: adequate/not adequate

Explanation: adequate/not adequate

Details of dosing: adequate/not adequate

Adverse effects of medication: adequate/inadequate

Medication related factors

Do you take your drugs daily in prescribed dosage? Always/most of the time/change doses as per will/rarely
Drug related factors Details of medications

Name of drugs know Know a little Do not know

Knowledge about medication yes little Do not know

No. of drugs <5 5–10 >10

Daily tablet count <10 10–20 >20

MEDICATION ADHERENCE IN LIVER TRANSPLANT RECIPIENTS JAIN ET AL
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Regimen complexity Simple Difficult but can remember Extremely difficult

Total pill burden Can manage Difficult to manage Impossible to manage

Health care costs Can afford easily Expensive (afford with difficulty) Out of reach

Treatment knowledge

All drugs

Immunosuppression

Non immunosuppression drugs

Chronic disease drugs

Demonstrated regimen use

All drugs

Immunosuppression

Non immunosuppression drugs

Chronic disease drugs

Nonadherence by self reporting and demonstration-yes/no

Tacrolimus levels

Date

Levels

Rehospitalisation-Date and indication

LDLT, living donor liver transplant; DDLT, deceased donor liver transplant; ; UHID, unique hospital identification number; CGHS, Central Government
Health Scheme; DM, diabetes mellitus; HTN, hypertension; TB, tuberculosis; CKD, chronic kidney disease.
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surrogate marker of nonadherence. This is based on earlier
studies that reported that an SD greater than 2.5 indicated
nonadherence and predicted graft rejection.13,14

Statistical Tests
The data collected were tabulated in a Microsoft Excel
sheet. Patients were divided into two groups: adherent
(group I) and nonadherent (group II). Chi-square test
and comparison of proportions were used for statistical
analysis. Sensitivity and specificity of tacrolimus SD levels
for predicting adherence was calculated. A P value < 0.05
was considered statistically significant.

This study protocol was approved by the institutional
ethics committee (via Letter number HR/2016/MS/010).
RESULTS

A total of 93 Indian patientswere expected to followupdur-
ing the study period. Six patients missed out on follow-up,
and 20 did not visit the centre but communicated their re-
ports via email or telephonically. Thus, the study group
consisted of 67 patients (56 males; median age, 48 years).
Eleven patients (16.5%) were nonadherent to the medica-
tion schedule. It was noted that patients who were nonad-
herent missed an average of 3.2 doses/week/patient of
medications, whereas those found adherent by study defini-
tion missed 2.4 doses/week/patient (P 0.08).

Table 3 shows the demographic characteristics of pa-
tients in the adherent and nonadherent groups. Patients
Journal of Clinical and Experimental Hepatology | November–December 201
in both the groups were similar in terms of age, indication
for LT and duration since transplant. There was no statis-
tical difference in education and socioeconomic parame-
ters. However, nonadherent patients were more likely to
have undergone a DDLT (P < 0.04) and more frequently
believed in CAM (P < 0.01).

There were no statistical differences in pretransplant
counselling factors (Table 4). However, the high regimen
complexity (P = 0.006) such as proper dosing, poor drug
knowledge and difficulty in remembering drug dose and
timings was frequent amongst nonadherent recipients,
who also reported economic constraints in continuing
medical treatment (P = 0.003) (Table 5).

Although variations in the tacrolimus levels were signif-
icantly more common in the nonadherent group, acute
cellular rejection and infection were not statistically
different (Table 6). This could be due to small number of
patients and short follow-up assessment. Four patients
(2 in each group) reported recidivism.
DISCUSSION

Drug nonadherence after LT has been extensively studied
in the West. High medication costs, age less than 40 years,
psychiatric disorders and medication-related side effects
have been implicated in nonadherence.9,11,15 Dobbels
et al16 reported that low social support, higher education
levels, pretransplant nonadherence to medications and
lower conscientiousness were independent pretransplant
9 | Vol. 9 | No. 6 | 676–683 679



Table 3 Baseline Characteristics of Adherent and Adherent
Patients.

Parameters Adherent
(n = 56)

Nonadherent
(n = 11)

P value

Age in years (median,
range)

47.74 (21–69) 51.09 (23–64) 0.32

Married 51 (91%) 10 (90.9%) 0.28

Modified Kuppuswamy status (for socioeconomic status)

Upper 23 (41%) 4 (36.4%) 0.92

Upper middle 17 (30.4%) 4 (36.4%)
Middle/lower middle 16 (28.6%) 3 (27.3%)

Family size

0–4 33 (59%) 5 (45.5%) 0.41

5 or more 23 (41%) 6 (54.5%)

Residence

Rental 4 (7%) 0 0.36

Self-owned 52 (93%) 11 (100%)

Financial support

Self-funded 30 (53.6%) 6 (54.5%) 0.30

Loan/insurance 15 (26.8%) 1 (9.1%)
Liquidation of
immovable assets

11 (19.6%) 4 (36.4%)

Government funding None None

Funding for posttransplant care

Loan/insurance 6 (10.7%) 3 (27.3%) 0.35

Liquidation of
immovable assets

20 (35.71%) 1 (9.1%)

Self-payment 30 (53.6%) 7 (63.6%)

Indication for transplant

Alcohol 19 (33.9%) 6 (54.5%) 0.19

Other etiologies

Hepatotropic viruses 4 (7.14%) 0 0.64

NASH/cryptogenic 16 (28.57%) 4 (36.4%)
Others 9 (16%) 1 (9.1%)
HCC 3 (5.35%) 0
Combinations 5 (8.92%) 0

Type of transplant

LDLT 34 (61%) 3 (27.3%) 0.041

DDLT 22 (39%) 8 (72.7%)

Duration since liver transplantation

<1 year 30 (53.6%) 6 (54.5%) 0.64

1–2 years 15 (26.8%) 4 (36.4%)
>2 years 11 (19.6%) 1 (9%)

Alcohol intake
(recidivism)

2 (3.5%) 2 (18.2%) 0.06

Comorbidities

Table 3 (Continued )

Parameters Adherent
(n = 56)

Nonadherent
(n = 11)

P value

None 43 (76.8%) 6 (54.5%) 0.1

DM 6 (10.7%) 3 (27.3%)

HTN 3 (5.35%) 0

DM + HTN 4 (7%) 1 (9.1%)

Others – 1 (9.1%)

Preoperative psychiatric assessmentrowhead

Depression – –

Anxiety 2 1

Combination of the
two dependence
(alcohol, smoking or
drugs)

1 –

Belief in CAM 6 (10.7%) 5 (45.5%) 0.01

LDLT, living donor liver transplant; DDLT, deceased donor liver trans-
plant; CAM, complementary and alternative medications; NASH, non
alcoholic steatohepatitis; HCC, hepatocellular carcinoma; DM, diabetes
mellitus; HTN, hypertension.

MEDICATION ADHERENCE IN LIVER TRANSPLANT RECIPIENTS JAIN ET AL

680 © 2019 Indian National Associa

Liver
Tra

n
sp

la
n
ta

tio
n

predictors of nonadherence in the posttransplant period.
However, there are limited data from South Asia. Factors
specific to this part of the world include lower per capita
income, high out-of-pocket medical expenditure and lower
education and awareness levels. Popularity of CAM has the
potential to increase nonadherence levels. On the contrary,
other factors specific to this region such as close-knit fam-
ily patterns and highly selective access to such high-end
treatments may lead to better drug adherence. In our
study, none of the factors such as indication for LT,marital
status, occupation, socioeconomic support and financial
status were associated with nonadherence. Nonadherence
was common in patients who underwent DDLT and those
who believed in CAM. Nonadherence could be higher in
patients who underwent DDLT because of several factors
such as unknown donor, prolonged waiting period before
transplant, feeling just lucky to get the organ and lower
family pressure to maintain compliance because no family
donor (spouse/sibling/child) is involved. We noted that
although a significant number of nonadherent patients
believed in CAM, only few of them admitted to using
them. Concurrent CAM use is quite common in India. Ay-
urveda, followed by homoeopathy drugs, is commonly
used by patients, and three-fourths of them do not inform
their physicians about CAM use. They are mostly started
on advice of a relative or friend, and no or fewer side effects
are the commonest reason for their use.17None of our pa-
tients stopped immunosuppressive medications but
admitted to taking CAM additionally.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 4 Pretransplant Counselling Responses.

Questions Response Gp I Gp II P value

Was need for lifelong immunosuppression explained to you? Yes 53 (95) 11 (100) 0.43

Were you informed regarding cost and side effects of post liver Tx
medications?

Yes 52 (93%) 9 (81.8%) 0.24

Were you informed about the repeated blood tests required in the post
op period and the likely cost of each test?

Yes 49 (87.5%) 10 (90.9%) 0.75

Use of CAM Yes 19 (34%) 5 (45.5%) 0.47

Is doctor interaction time adequate? (in pretransplant and
posttransplant setting)

Yes 47 (84%) 7 (63.6%) 0.12

Is explanation by the doctor adequate? Yes 46 (82%) 7 (63.6%) 0.17

Is drug dosage explained adequately by the doctors? Yes 46 (82%) 10 (90.9%) 0.47

Were you counselled regarding the potential drug side effects in detail? Yes 40 (71.5%) 7 (63.6%) 0.60

CAM, complementary and alternative medications; Gp, group.

Table 5 Medication-Related Factors and Their Impact on Adherence.

Questions Response Group I Group II P value

Medication-related problems None 8 (14%) 0 0.53

Too many tablets 26 (46.4%) 4 (36.4%)

Timing difficult to maintain 16 (28.6%) 3 (27.3%)

Need someone to administer drugs 6 (10.71%) 2 (18.2%)

Do you take drugs daily in prescribed dosages Always 47 (84%) 5 (45.5%) 0.048
Most of the time 9 (16%) 4 (36.4%)
Rarely – 2 (18.2%)

Name of drugs Good knowledge 45 (80.4%) 4 (36.4%) 0.010

Know a little 7 (12.6%) 5 (45.5%)

No knowledge 4 (7%) 2 (18.2%)

Knowledge about drug effects and use Good knowledge 44 (79%) 3 (27.3%) 0.003
Know a little 8 (14%) 6 (54.5%)
No knowledge 4 (7%) 2 (18.2%)

No. of drugs used daily <5 26 (46.4%) 4 (36.4%) 0.174

5–10 19 (34%) 2 (18.2%)

>10 11 (19.7%) 5 (45.5%)

Daily tablet count <10 24 (42.9%) 4 (36.4%) 0.92
10–20 19 (34%) 4 (36.4%)
>20 13 (34.1%) 3 (27.3%)

Regimen complexity Simple 18 (32.1%) 1 (9.1%) 0.006

Difficult but can remember 35 (62.5%) 6 (54.5%)

Extremely difficult 3 (5.4%) 4 (36.4%)

Cost of medications Can afford easily 2 (3.5%) 1 (9.1%) 0.003
Expensive but can afford 38 (67.9%) 2 (18.2%)
Expensive and manage with difficulty 10 (17.9%) 6 (54.5%)
Out of reach 2 (3.5%) 2 (18.2%)

Bold represents that these p values are significant.
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Alcohol relapse (recidivism) is defined as any alcohol
intake after surgery and is considered as nonadherent
behaviour.18 Four patients (2 from adherent and 2 from
nonadherent group) reported alcohol use after LT. This
relapse rate is lower than 10–50% relapse reported at the
Journal of Clinical and Experimental Hepatology | November–December 201
end of five years.19,20 All these patients were transplanted
for alcohol-related liver disease, and thus, the recidivism
rate was 16% (4/25).

None of the physician-related parameters such as inter-
action time and explanation regarding adverse effects and
9 | Vol. 9 | No. 6 | 676–683 681



Table 6 Effect of Nonadherence on Complications and
Tacrolimus Levels.

Group I Group II P value

Acute cellular rejection 4 (7%) 2 (18.2%) 0.23

Infections requiring hospitalisation 2 (3.5%) 0 0.54

Tacrolimus variation >2.5 SD 17 (30.3%) 10 (90.9%) 0.0002

SD, standard deviation.
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dose had an impact on adherence. However, medication-
related factors such as high regimen complexity, poor
knowledge about medications and cost issues with long-
term medications had a significant impact on adherence
in the patient's cohort. Variability in tacrolimus levels
(SD > 2.5 mg per dL) was higher in the nonadherent group.
This suggests that variability of tacrolimus levels may be a
good marker to adherence in patients. However, one-third
of patients in group I also had tacrolimus variation of >2.5
mcg/dl SD. The sensitivity and specificity of tacrolimus SD
variation in our cohort were 90.9% (confidence interval
[CI], 58.7–99.7%) and 69.6% (CI, 5.9–81.2%), respectively.
Although tacrolimus level is an important surrogate indi-
cator of nonadherence, sometimes patients may have a
low level because of their inherent drug metabolism prop-
erties. It may be noted that in this study, despite variation
in tacrolimus level in the nonadherence group, acute
cellular rejection rates were not different. However, this
may be due to the low number of patients overall.

Some of the factors for nonadherence can be improved
by education, closer follow-up and psychoeducational ser-
vices.21–23 LT is not just about carrying out a transplant
with surgical success and physicians identifying
complications. Much of posttransplant wholesome care
is dependent on team work. In today's era, the medical
social worker is a liaison who assumes a very important
role in drug compliance: frequent phone calls, home
visits, alerting the physician of recidivism, early
identification of financial and social issues. Transplant
psychologist and support groups function similarly.
Without the support of these vital ancillary services, the
long-term outcomes cannot be improved.

The present study has tried to address the issue of medi-
cation adherence for the first time in Indian setting.
Although numerous factors such as DDLT, belief in
CAM and several medication-related parameters were
found more frequently in the nonadherent group, their
causal relationship with nonadherence cannot be estab-
lished because of small sample size and lack of objective
measures to accurately measure them. Moreover, we noted
that the difference in dosesmissed per week per patient was
only 0.8 and not statistically significant. Thus, the inter-
play between various factors studied is complex and diffi-
cult to assess completely with the present sample size
and study design. Studies with larger patient numbers
682 © 2019 Indian National Associa
are warranted to have more definitive conclusions. Place
of stay and liver transplantation for acute liver failure
may influence medication adherence. Most patients in
the present study (61) were from outside Chennai, and
none of the patients underwent LT for acute liver failure.
Thus, these factors were not analysed. Long-term follow-
up would be more useful to assess medication adherence.
It is more likely for patients on long-term follow-up to
get noncompliant despite the regimens getting simpler af-
ter one year of transplant. Moreover, 26 patients who
missed their visits during the study period could also
have been noncompliant. A lot of patients in India do
not actually visit the transplant centre very frequently after
initial few years of LT. These patients tend to assess peri-
odic liver biochemistry and communicate with the trans-
plant centre. This was done by 20 of our patients.
However, based on study criteria, they were excluded
from the study. Studies with larger numbers and including
more patients with longer follow-ups would be ideal to
address noncompliance comprehensively.

In conclusion, as the aim of liver transplantation is to
provide a better and productive life to the recipient, drug
adherence remains central to the management. The pre-
sent study highlights the problems faced by Indian pa-
tients in the posttransplant period. Multidisciplinary
teams including professional educators, psychologists, so-
cial workers, surgeons and physicians can ensure drug
adherence.

For the future, the present questionnaire needs valida-
tion. Patient-friendly regimens, drug reminder apps, medi-
cation folders and cost-effective transplant management
are needed to ensure enhanced adherence.
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