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 Background: Non-adherence to immunosuppressant therapy (IST) is a major risk factor for graft rejection. Limited reports 
are available regarding the prevalence of non-adherence to IST in kidney transplant recipients (KTRs) as well 
as the predictors and barriers of non-adherence.

 Material/Methods: The study included ambulatory KTRs, ³18 years of age, with a functional kidney, from January 2017 to November 
2018. The primary outcome was the prevalence of non-adherence, assessed with: 1) A telephone interview to 
complete the Arabic-translated and validated Immunosuppressant Therapy Adherence Instrument Scale (ITAS) 
and 2) IST serum blood levels within therapeutic levels. The secondary outcomes were the barriers to adher-
ence using the validated Immunosuppressant Therapy Barriers of Adherence Scale (ITBS).

 Results: We enrolled 102 of 141 patients screened. The mean±SD for age, body mass index, and the baseline of the es-
timated glomerular filtration rate were 45.5±15.6 years, 29.1±6 kg/m2, and 72.7±21.9 ml/min/1.73 m2, respec-
tively. The prevalence of non-adherence was 5.9%, 95% CI (2.19-12.36%) and 14.7%, 95% CI (8.47-23.09%) 
using the ITAS and the average blood serum drug levels, respectively. The concordance of the 2 methods dem-
onstrated an agreement of 81.3%, kappa of 0.01, and 95% CI (-0.16 to 0.18). The median, interquartile range 
(IQR) for ITBS, and uncontrollable and controllable barriers for adherence were 21, (18-25), 15, (12-18), and 6, 
(5-8), respectively.

 Conclusions: The current study demonstrated a low to moderate prevalence of non-adherence to IST in KTRs. The barriers 
for adherence with IST necessitate additional targeted interventions to manage and optimize therapeutic and 
clinical outcomes.
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Patient Compliance
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Background

Chronic kidney disease is a progressive illness [1]. The United 
States (US) data for 2019 reported that ~37 millions (15%) of 
the US population have chronic kidney disease and that per day, 
more than 340 patients with end-stage renal disease (ESRD) 
require the intiation of renal replacement therapy, either di-
alysis or transplantation [2]. In Saudi Arabia in 2017, 18,270 
patients required hemodialysis, with 2848 (16%) patients on 
the waiting list for kidney transplantation. There were ~11,509 
KTRs in Saudi Arabia from 1990 to 2017 [3].

A kidney transplantation is the ultimate renal replacement 
therapy for ESRD patients as it improves their quality of life 
and survival, compared to other renal replacement therapies 
such as hemodialysis or peritoneal dialysis [4-7]. Although kid-
ney transplantation is the preferred renal replacement modal-
ity, it is associated with many short- and long-term medical 
complications [8-10]. KTRs usually receive induction IST be-
fore, during the perioperative period, post-kidney transplan-
tation, followed by a maintenance immunosuppressive regi-
men to suppress their immune system and prevent acute and 
chronic episodes of rejection [11].

The main objectives of the IST are to prevent graft rejection 
and to reduce morbidities, hospital admissions, and compli-
cations associated with loss of graft function [12]. The most 
frequently used regimen, maintenance IST, consists of calci-
neurin inhibitors (CNIs) such as tacrolimus or cyclosporine, an 
antiproliferative agent such as mycophenolate mofetil, or my-
cophenolate sodium or azathioprine, and/or the mammalian 
target of rapamycin inhibitor with or without oral corticoste-
roids [11,13]. Patients have a complex medication regimen, in-
cluding IST, prophylactic anti-infective agents, and other medi-
cations used for the treatment of chronic comorbid conditions, 
leading to polypharmacy and a high daily pill burden, which 
may influence the adherence to their medications [11,14].

Non-adherence to IST results in a higher a rate of acute or 
chronic rejection, loss of graft function, a decrease in the 
quality of life, and an increase of the economic burden on 
the healthcare system [15-19]. Various methods have been 
used to assess adherence and these are discussed as follow. 
(1) Subjective methods, such as cross-sectional surveys with 
KTRs, may overestimate the adherence or physician-report-
ed adherence, which underestimates adherence [16,20]. (2) 
Objective methods, such as laboratory monitoring of the blood 
serum level of CNIs, which is one of the most accurate meth-
ods to assess adherence. However, it may be subject to bias 
if the KTRs adhere to their medication prior to the follow-up 
clinic visits [21]. (3) Indirect measures through pharmacy re-
fill records, which may be inaccurate in case of multiple refills 
from different pharmacies, and it does not necessarily reflect 

the adherence behavior related to actually taking the IST [22]. 
(4) Electronic monitoring (EM) is expensive and opening the 
EM device is only a marker of pill consumption [23,24]. (5) A 
combination of these methods have been suggested by a re-
cent expert of the FDA panel for optimum assessment of ad-
herence, given the limitations of each method [25].

A recent systematic review, including 37 studies, reported that 
non-adherence in KTRs varies from 1.6% to 96% [26]. The re-
view identified the following risk factors associated with non-
adherence to IST: young age (£50 years of age), male gender, 
low social support, unemployment, low level of education, ³3 
months post-transplant, living donor, presence of ³6 comor-
bidities, administration of ³5 medications per day, a negative 
attitude, and depression [26]. Another study found that only 
34% of KTRs were adherent to their medication regimen and 
there was a strong association between the level of satisfac-
tion and the adherence to treatment using subjective instru-
ments [27].

To the best of our knowledge, there is a paucity of data relat-
ed to the non-adherence patterns in KTRs in our center and 
the association with possible risk factors, which may explain 
non-adherence. Therefore, this study aimed to assess the non-
adherence to IST in our cohort of KTRs and to identify poten-
tial barriers and predictors of non-adherence.

Material and Methods

Setting	and	Time	Frame

We conducted a cross-sectional study and a retrospective chart 
review in the Ambulatory Care Center of King Khalid Hospital, 
Ministry of National Guard-Health Affairs, Jeddah, Saudi Arabia 
from January 2017 to November 2018.

Sampling	and	Study	Population

We used a convenience sampling technique of all accessi-
ble KTRs who met the eligibility criteria. We included partici-
pants who were a KTR with a functional kidney (not being di-
alyzed), ³18 years old, had the kidney transplant before June 
2017, and were prescribed IST, which includes CNIs or siroli-
mus, which requires routine laboratory monitoring of serum 
blood levels during follow-up visits. We excluded KTRs who 
were admitted during the study period or who refused to par-
ticipate in the study.

Study Outcomes

The primary outcome was the rate of non-adherence to IST in 
KTRs in our center. The secondary outcomes were to determine 
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the barriers related to non-adherence of the IST and identi-
fy if there were any episodes of rejection due to non-adher-
ence to IST.

Data Collection

We identifed the cohort of KTRs through a list provided by 
the kidney transplant coordinators. The study investigators 
screened patients in terms of the inclusion criteria and eligi-
ble patients were invited to participate in the survey through 
a telephone interview. The study investigators completed the 
structered questionnaire via a telephone call. We used the 
Electronic Health Records (EHRs) to identify the baseline de-
mographic information, cormorbidties, and various clinical 
characteristics, including the transplant donor type, the se-
rum creatinine at the last clinic visit, and any episodes of re-
jection from January 2017 to June 2018.

Outcome Assessment

The primary outcome of non-adherence was assessed with 
2 methods:
1.  Subjective: We used the validated ITAS, a 4-item instrument 

developed and validated to assess adherence to IST in trans-
plant recipients; reliability testing demonstrated a Cronbach 
alpha of 0.81 [28].

2.  Objective: We reviewed the EHRs to document serum levels 
of immunosuppressive medication, specifically tacrolimus, cy-
closporine, or sirolimus, obtained during the routine follow-up 
prior to clinic visits for each patient during the study period.

The secondary outcomes of the barriers for non-adherence 
were assessed with the ITBS, a validated 13-item instrument, 
using a 5-point Likert scale. The instrument had 2 subscales 
of 8 uncontrollable and 5 controllable barriers to adherence 
in KTRs [29]. The Cronbach alpha of the uncontrollable bar-
riers, controllable barriers, and the combined ITBS was 0.93, 
0.86, and 0.91, respectively [29]. The uncontrollable barriers 
refer to those factors which are not controlled by the patient, 
such as being prescribed too many medications, depression, 
confusion or lack of understanding; these factors, to a large 
extent, are within the control of the healthcare system. The 
controllable barriers include factors that are within the con-
trol of the patient or willingness not to adhere to their IST, 
such as not remembering to take their medication, choosing 
to stop them due to adverse effects or when feeling better, 
or financial reasons.

We combined the questions of the ITAS and ITBS instruments 
into one questionnaire, with a total of 17 questions. The study 
investigators, who are native Arabic speakers, translated the 
survey into the Arabic language. Subsequently, we pre-tested 
for the appropriateness of wording and clarity with a sample 

of 8 transplant recipients. We revised the questionnaire based 
on the results of the pre-testing and changed 2 words in ques-
tion 6 (confused) and question 7 (I don’t understand) of ITBS. 
Tables 1 and 2 present the questions for the ITAS and ITBS, 
administered to the study participants.

Ethics

The study recieved an IRB approval from King Abdullah 
International Medical Research Center (RSS18/043/J). Verbal 
consent was obtained from the eligible participants through a 
telephone interview, which was witnessed via a loudspeaker 
and signed by an independent non-study investigator.

Sample Size

All eligible KTRs (~140 patients) were invited to participate in 
the study. A sample of 90-98 transplant recipients was esti-
mated to detect a prevalence of 20-30% [26] for non-adher-
ence with a 95% confidence interval, 5% precision, and an al-
pha of 0.05 [30].

Statistical Analysis

Descriptive statistics were used to present the baseline char-
acteristics, as deemed necessary. The responses of the ITAS 
questions were coded as 0, 1, 2, and 3 for the frequencies of 
>50% of the time, 21-50% of the time, 1-20% of the time, and 
zero% (never), respectively. A maximum score of 12 represented 
highest adherence to IST and the lowest score of 0 represent-
ed non-adherence [28]. We assumed a cut-off for the adher-
ence rate of 80% or above (a score ³10 on the ITAS Score) [28].

The responses of the ITBS questions were coded as 1, 2, 3, 4, 
and 5 for the frequencies of strongly disagree, disagree, neu-
tral, agree, and strongly agree, respectively. The maximum score 
of 65 and a minimum score of 13 represented the highest and 
lowest barriers for adherence. The uncontrollable barriers sub-
scale had a minimum score of 8 and a maximum of 40, and 
the controllable barriers subscale had a minimum score of 5 
and a maximum of 25 [29].

The objective assessment of the adherence using the average 
serum levels of immunosuppressant agents was classified as a 
binary outcome of adherent: achieving the target therapeutic 
levels or non-adherent if the level was below the target ther-
apeutic levels, using 80% as a cut-off point to define adher-
ence [28]. The following target therapeutic levels were used: 
4-15 ng/ml, 100-400 ng/ml, and 4-10 ng/ml for tacrolimus, cy-
closporine, and sirolimus, respectively [28]. We conducted a 
sensitivity analysis to assess the primary outcome using a tar-
get cyclosporine level of 75 since this cut-off is mostly used in 
practice for KTRs who are using IST for more than 2-3 years.
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Questions of ITAS None 1-20% 21-50%
>50%

yery frequent

1.  In the past 3 months, how often did you forget to take your 
immunosuppressant medications?

2.  In the last 3 months, how often were you careless about taking your 
immunosuppressant medication(s)?

3.  In the last 3 months, how often did you stop taking your 
immunosuppressant medication because you felt worse? 

4.  In the last 3 months, how often did you miss taking your 
immunosuppressant medication(s) for any reason?

Table 1. Immunosuppressant Transplant Adherence Instrument scale (ITAS) [28].

Questions*
Strongly
disagree

Disagree Neutral Agree
Strongly	

agree

1.   I have to take the immunosuppressant medication(s) too many times 
per day.

2.  I have to take too many capsules (or tablets) of my 
immunosuppressant medication(s) at one time?

3.  I can’t tell if my immunosuppressant medication(s) is (are) helping 
me?

4.  I skip doses of my immunosuppressant medication(s) when I go out 
of town?

5.  I miss doses of my immunosuppressant medication(s) when I feel 
depressed?

6.  I get confused about how to take my immunosuppressant 
medication.

7.  I do not understand when to take my immunosuppressant 
medication(s).

8.  I often run out (or do not have enough) of immunosuppressant 
medication(s).

9.  It is hard for me to remember to take my immunosuppressant 
medication(s).

10.  I miss a dose of my immunosuppressant medication(s) when I think 
there may be side effects

11.  I sometimes skip doses of my immunosuppressant medication(s) 
when I feel good (or better).

12.  I miss doses of my immunosuppressant medication(s) when I get 
out of my daily routine.

13.  I skip doses of my immunosuppressant medication(s) when I am 
short of money.

Table 2. Immunosuppressant Therapy Barriers Scale (ITBS) [29].

* The eight uncontrollable barriers are questoions 1-8, while the contrrollable barriers are questions 9-13.
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A binomial exact test was used for the estimation of the 95% 
confidence intervals for the prevalence of non-adherence. 
The agreement between the subjective and objective mea-
sures for the assessment of non-adherence was assessed us-
ing Kappa-statistics with 95% confidence intervals (CI). Two-
sided tests and a significance level of 0.05 were used for all 
analyses. Analyses was conducted using STATA 14 (StataCorp 
LP, College Station, TX, USA).

Results

We enrolled and consented 102 of 141 KTRs who were screened 
and invited to participate in the study. We excluded 39 KTRs 
for the following reasons: 24 KTRs did not have active follow-
up visits during the study period, 7 refused to participate in 
the study, 5 were admitted at the time of the interview, and 
we could not contact 3 KTRs due to inaccurate contact tele-
phone numbers.

In terms of the baseline characteristics, the mean age was 
48.55 years ±SD 15.64, 64.71% were male, and the mean 
body mass index (BMI) was 29.14±SD 5.9. The cohort includ-
ed 53.9% KTRs with a high school education or above and 
the mean baseline estimated glomerular filteration rate was 
72.67±SD 21.89 ml/min/1.73 m2.

Tacrolimus was the CNI most frequently prescribed (75.49%) 
and most (55.88%) of the recipients had a living-related donor. 
The most frequent comorbidities were hypertension (68.63%) 
and diabetes mellitus (42.16%). Table 3 presents the details 
related to the baseline characteristics of the sample.

Primary Outcome

Prevalence of non-adherence: The subjective assessment in-
dicated non-adherence at 5.9% (6/102) with a 95% CI (2.19-
12.36%) using the ITAS survey. The majority (n=72) had a score 
of 12, 21 a score of 11, 3 a score of 9 and 10, 2 a score of 8, 

Baseline characteristics N=102*

Demographic information

Age (years) 48.55±15.64

Sex (Male)  66 (64.71%)

Body mass index (kg/m2) 29.14±5.94

 Under weight  1 (0.98%)

 Normal weight  26 (25.49%)

 Overweight  33 (32.35%)

 Obese  42 (41.18%)

Material status (married)  76 (74.51%)

Educational level 

 Not educated  18 (17.65%)

 Below high school  29 (28.43%)

 High school  23 (22.55%)

 Graduate and post graduate  32 (31.37%)

Transplant and medications related

Years post kidney transplant  10 (6-14)

Type of donor**

 Living-related  39 (38.24%)

 Living non-related  57 (55.88%)

 Deceased  6 (5.88%)

History of previous rejection  3 (2.94%)

Estimated glomerular filtration rate 
(ml/min/1.73 m2)# 72.67±21.89

Immunosuppression therapy (IST)

 Tacrolimus-based  77 (75.49%)

 Cyclosporine-based  25 (24.51%)

Number of prescribed medications  9 (6-12)

Self-administer medications  91 (89.22%)

Table 3. Baseline characteristics of the sample.

* Data are presented as frequency (percentage): n (%), 
mean±Standard Deviation (SD), Median; Interquartile Range 
(IQR); ** One participant is missing for the type of donor; 
# estimated glomerular filtration rate is based on Modified diet 
and renal disease equation (MDRD); ## others include 2 patients 
who had gout, 2 patients with cancer and 2 patients had heart 
failure.

Baseline characteristics N=102*

Comorbidities 

Hypertension  70 (68.63%)

Diabetes mellitus  43 (42.16%)

Thyroid disorders  19 (18.63%)

Dyslipidemia  14 (13.73%)

Ischemic heart diseases  6 (5.88%)

Liver diseases  6 (5.88%)

Others##  6 (5.88%)
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and 1 had a score of 6 (Figure 1). The objective assessment 
of non-adherence indicated a rate of 14.7% (15/102), 95% CI 
(8.47-23.09%). The concordance of assessing non-adherence 
with the 2 methods demonstrated a significant agreement of 
81.3% with a kappa of 0.01, 95% CI (-0.16 to 0.18). The sen-
sitivity analysis, using a cut-off for cyclosporine of 75, result-
ed in a non-adherence rate of 7.14% (7/102).

Secondary Outcomes

The median ITBS score to identify the combined barriers for 
non-adherence, uncontrollable and controllable subcales were 
21 (IQR 18-25), 15 (IQR 12-18), and 6 (IQR 5-8), respectively. 
For the uncontrollable barriers, the majority (83.3%) strongly 
agreed that they take ITS too many times per day. However, 
the sample strongly disagreed with several questions. Almost 
half (44.1%) disagreed that they take too many ITS tablets and 
capsules at the same time, 65.7% that they cannot tell if the 

Q1: Forgot to
take ITS

Q2: Careless to
take ITS

Q3: Stopped taking
ITS if felt worse

Q4: Did not take ITS
for any reason

100
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%
)

Questions of ITAS

Immunosuppressant therapy adherence scale (ITAS)

None
1–20%
21–50%
>50%

Figure 1.  Distribution of the Responses for the 
Immunosuppressant Transplant Adherence Instrument 
scale (ITAS).
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ITBS subscale questions of controllable barriers

Controllable barriers of immunosuppressant therapy barriers scale (ITBS)

Strongly agree
Agree
Neutral
Disagree
Stongly disagree

Q9: Hard to
remember

Q10: Miss
dose due to
side e�ect

Q11: Skip dose if
I feel good

Q12: Miss dose
if out of daily

routine

Q13: Skip dose if
short of money

Figure 3.  Proportion of the responses related to the controllable barriers “Patient-related” of ITBS.

Q1: Take ITS too
many times/day

Q2: Take too many
tabs/caps

at the same time

Q3: Cannot tell
if meds help

Q4: Skip dose
if out of town

Q5: Miss dose
if depressed

Q6: Confused on how
to take meds

Q7: Don’t understand
when to take my meds

Q8: Often run
out of meds

100
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ITBS subscale questions of unocntrollable barriers

Uncontrollable barriers of immunosuppressant therapy barriers scale (ITBS)
Strongly agree
Agree
Neutral
Disagree
Stongly disagree

Figure 2.  Proportion of the responses related to the uncontrollable barriers “ Healthcare system-related” of ITBS.
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ITS medications help them or not, 91.2% disagreed that they 
skip doses if out of town, 92.6% that they miss doses when 
depresssed, 83.3% that they were confused in terms of how 
to take their medication, 80.2% that they do not understand 
when to take their medication, and 65.7% that they often run 
out of their medication (Figure 2).

Similary for the controllable barriers, the sample strongly dis-
agreed with most questions. The majority (63.7%) disagreed 
that they found it hard to remember the ITS, 79.4% that they 
miss their medication doses due to adverse effects, 86.3% that 
they skip doses if they feel good, 78.4% that they miss the 
dose if out of their routine, and 90.2% that they skip a dose 
if short of money (Figure 3).

Three patients had a history of rejection; all of them had a 
maximum ITAS score and average blood serum levels of CNIs 
within the therapeutic range.

Discussion

The current study’s estimate of a low non-adherence rate to 
ITS, using the subjective ITAS assessment and the objective 
direct assessment of serum therapeutic blood levels, are con-
sistent with studies reporting non-adherence rates of 28.3% 
and 14.3%, using similar subjective methodology [15,31] and 
for the objective assessment using the therapeutic drug lev-
els [32]. Contrary to the current study, some studies reported 
a higher non-adherence rate. For example, a study including 
151 KTRs reported a non-adherence rate of 64% with partici-
pants with comparable baseline characteristics. However, dif-
ferent assessment tools were used and the authors acknowl-
eged they may have overestimated the non-adherence rate [27]. 
Another descriptive correlational study with 230 KTRs report-
ed a non-adherence rate of 57.8%, using the ITAS [33]. There 
were some differences in the responses of the current study 
and their study for the second ITAS question, as only 62.6% 
were never careless to take their ITS in the last 3 months, com-
pared to 90% in our study [33]. It is important to realize that 
carelessness may be linked to differences in the level of med-
ication understanding and the patient’s beliefs about the ITS, 
which are important parameters affecting non-adherence, and 
not clearly reported in their study [12,34].

In our center, the transplant team consists of transplant ne-
phrologists, coordinators, and pharmacists who educate the 
KTRs at different encounters. The pharmacists provide counsel-
ing, educate the patients, and discuss the importance of using 
the ITS with all KTRs immediately after surgery, during inpa-
tient admission, and before discharge. Subsequently, counsel-
ing is enforced at the outpatient setting by the transplant co-
ordinators and the physicans at different follow-up visits, and 

in some occassions by the pharmacist, to improve any knowl-
edge deficits or misunderstanding of ITS or any other medica-
tion regimen. Our current standard of practice may explain our 
low non-adherence rate and why some of the factors associ-
ated with non-adherence to ITS reported in literature, such as 
longitvity of the transplant and living donors, were not major 
concerns, although the KTRs in the current study had a medi-
an of 10 years after transplant, IQR (6-14) years, and 94% had 
a living donor [33]. Although non-adherence to ITS is associ-
ated with a high rejection rate in the literature [19,21,29,31], 
it was not evident in the current study with a low non-adher-
ence rate. The 3 cases with rejection were adherent to their ITS.

The high rate of adherence reported in the current study de-
tected with the 2 methods may be justified by the low ITBS 
scores in terms of the barriers encountered as there was a sig-
nificant negative correlation between the measures of adher-
ence and the ITBS, consistent with previous reports [29,31].

Although the overall ITBS score in the current study was con-
sistently low, in support of another cross-sectional study with 
252 adult KTRs, the barriers related to non-adherence differed 
in the 2 studies [31]. The differences may reflect variability in 
the practice setting, type of support offered to patients, and 
characteristics of the study population. The barriers provide 
opportunities for interventions and future patient-centered 
goals to be achieved by the multidisciplinary transplant team, 
with the pharmacist playing a vital role [31,35]. For the uncon-
trollable barriers, the majority of our KTRs agreed with “tak-
ing ITS many times per day” and more than one-third agreed 
that they “take many tablets and capsules at the same time”. 
These 2 healthcare system-related barriers were also reported 
in another study, although the non-adherence rate was low-
er in the current study (5.9% vs 55%), and it may reflect the 
complexity of the medication regimen, the multiple comorbi-
ties of KTRs, and the high pill burden [36].

However, the 2 barriers may provide an opportunity to the phar-
macist to conduct a structural review of the medication using 
the Medication Therapy Management (MTM) services in the 
outpatient setting to simplify, de-prescribe unnecessary drug-
use, schedule the administration of medications throughout 
the day, empower patients with the necessary tools to opti-
mize their adherence, and achieve the target therapeutic and 
clinical outcomes [35,37].

The majority of the sample agreed that they think ITS benefits 
them, they do not skip doses if out of town or depressed, are 
not confused about their medication, and understand when 
to take the medication. These findings demonstrate that our 
patients understand their medication and have positive be-
liefs regarding the usefullness of ITS. In contrast, a study with 
161 KTRs identified that the patients could not say if the ITS 
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benefit them or not, which highlights the variability of staff 
resources, education, and counseling by the multidisciplinary 
healthcare transplant team in different settings [36]. In the 
current study, less than 20% of the sample agreed that they 
run out of their ITS, compared to 2.8% in another study [31]; 
this uncontrollable healthcare system-related barrier should 
be managed to improve access to IST.

Regarding the controllable barriers, the sample agreed or 
strongly agreed that they remember to take ITS, do not miss 
doses due to adverse effects, when they feel good, or if they 
are out of their daily routine, which emphasizes the impor-
tance of patients’ self-efficacy and its impact on adherence 
[29,38,39]. In contrast, another study, with 161 KTRs, report-
ed a non-adherence rate of 55%. The non-adherent group had 
signficantly higher scores for 3 of the 5 controllable barriers 
(cannot remember to take medications, skip doses when out 
of their daily routine, or when they are short of money) com-
pared to the adherent group, which indicate the need to de-
sign interventions to overcome these modificable factors to 
improve adherence [36]. Finally, skipping medications when 
patients are short of money was not considered a barrier in 
our setting, as the majority of the KTRs are insured with ac-
cess granted to IST, contrary to other studies highlighting the 
importance of a consistent medication supply [33,36].

The current study has several limitions. Firstly, the study pres-
ents a single-center experience. Secondly, due to the cross-sec-
tional design, we did not assess the history of drug–drug in-
teractions or possible drug–food interactions that may have 
influenced drug levels at specific visits. However, we used the 
average blood serum levels for every patient to minimize fac-
tors affecting the drug levels and probable intraindividual vari-
ability. Thirdly, the study has limited generalizability to set-
tings with similar standards of care, as the transplant team 
includes a pharmacist who provide education and support to 
KTRs. Fourthly, we did not assess other sociodemographic fac-
tors and depression, which may be associated with self-effi-
cacy and possible non-adherence [31,32].

Our study has several strengths. Firstly, we assessed non-ad-
herence in the KTRs with 2 methods to present a precise es-
timate and reduce the posssible limitations of each measure 
[21,25,26,40]. Secondly, there was a signficant agreement be-
tween the 2 methods, although some studies reported some 
variability between assessment methods for non-adherence 
[21,26]. Thirdly, we recorded the serum blood level extracted 
from the EHRs for ~18 months to reflect a consistent pattern 
of behavior. Fourthly, the ITBS scores supported limited bar-
riers and the low non-adherence rate in our sample. Future 
studies should target specific multidimensional interventions 
to identify barriers and characterize patterns of non-adher-
ence experienced by KTRs and evaluate effective strategies to 
manage these challenges to optimize therapeutic outcomes.

Conclusionss

Our study demonstrated a low to moderate prevalence of non-
adherence to IST in kidney transplant recipients, based on sub-
jective and objective measures. Although we identified limit-
ed barriers for non-adherence to IST, these require additional 
targeted interventions to overcome the factors and to opti-
mize therapeutic and clinical outcomes for KTRs.
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