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Introduction: Non-adherence in kidney transplants is diversely defined. Immunosuppression non-adherence (INA) is the most used
definition and has been associated with graft loss and acute rejection. But INA assesses only one fraction of adherence. Therefore, we
analyzed the association of a holistic non-adherence definition with transplant outcomes and compared its prediction performance with
other definitions.

Methods: We retrospectively included 739 kidney recipients between 2019 and 2021. We evaluated holistic non-adherence (HNA),
suboptimal-immunosuppressor levels (SIL), appointment non-adherence (ANA), procedure non-adherence (PNA) and INA. The main
outcomes were graft loss, graft rejection, and mortality. A backward logistic regression was performed estimating adjusted and un-
adjusted odds ratio (OR) for each outcome. Finally, we compared the non-adherence definitions’ prediction for the main outcomes
using the area under the curve.

Results: HNA was present in 28.7% of patients. Non-adherent patients had an adjusted OR of 2.66 (1.37-5.15) for mortality, 6.44 for
graft loss (2.71-16.6), and 2.28 (1.15-4.47) for graft rejection. INA and PNA presented a moderate discrimination for graft loss and
HNA and ANA mild-to-moderate discrimination for graft loss and death.

Conclusion: Holistic non-adherence was associated with worst outcomes in kidney recipients and had a significant prediction
performance for graft loss and mortality.
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Introduction
Evidence supports that adherence improves health outcomes and quality of life.' * Even the World Health Organization
(WHO) quoted “increasing the effectiveness of adherence interventions may have a far greater impact on the health of the
population than any improvement in specific medical treatments™.* In kidney transplant recipients, adherence is a key
factor for medium- and long-term outcomes.”® Therefore, the adherence definition is crucial in understanding kidney
recipients’ outcomes. The most common definition used is immunosuppression non-adherence (INA), and some authors
defend it for its simplicity."” But for many others, adherence is a multifaceted construct that transcends the correct taking
of the medication."® The WHO defined it as “the extent to which a person’s behavior — taking medication, following
a diet, and/or executing lifestyle changes, corresponds with agreed recommendations from a healthcare provider”.’
Nonetheless, immunosuppression non-adherence (INA) is the most studied definition in medical research for kidney
recipients and has been associated with graft loss and graft acute rejection.'®'! Furthermore, INA has also been

associated with mortality, displaying an HR of 3.07.'* Not only is INA associated with worst outcomes but non-
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adherence to appointments (ANA) is also a significant risk factor for graft rejection and graft loss, with an 8.2 OR for >2
rejection episodes' and a 65% higher risk for graft loss. Health literacy has been studied in kidney recipients before and
after the transplant, with evidence that marginal health literacy increases waiting list mortality and decreases patient
survival following kidney transplantation.'* Some authors consider that the relation of non-adherence with graft loss is
caused by an increased cellular rejection and less benefits from immunosuppressors.'>

Therefore, even if adherence has been defined as the complete patient behavior regarding the treatment and disease,
most evidence in kidney transplant reported the outcomes of a fragment of adherence, commonly INA or ANA.
Consequently, there is a need to describe the outcomes of non-adherence in kidney recipients using a wide definition
that assesses beyond INA and to compare these definitions’ predictive value for different kidney recipient outcomes.

Methods
Design and Objectives

A retrospective cohort study was conducted to determine the outcomes of non-adherence in kidney transplant recipients
and to compare the association of different non-adherence definitions with the outcomes studied.

Population and Sample

We included all kidney transplant recipients attended by Colombiana de Trasplantes between January 2019 and
July 2021. Follow-up was until death, graft loss, or after the first year of monitoring since the adherence assessment.
Patients who did not complete the follow-up were excluded. The sample size was not calculated as we performed
a convenience sample, including all patients available that fulfilled the selection criteria.

Data Collection and Variables Definition
A retrospective data collection from the clinical records was performed. Adherence was considered a holistic clinical
impression assessed in a semi-structured interview by a mental health team member as part of routine clinical care. This
interview explored sociodemographic, clinical, and transplant care variables in the pre-transplant, early, and late post-
transplant periods. The semi-structured interview and definitions of the included variables are presented in Appendices 1
and 2. In addition, other adherence definitions were obtained, such as immunosuppression non-adherence (INA),
suboptimal immunosuppressor levels (SIL), appointment non-adherence (ANA) and procedure non-adherence (PNA)
(Table 1).

The outcomes were graft rejection, death, and graft loss. Graft rejection was confirmed by the pathology conclusion
of acute rejection in a renal biopsy, and graft loss was considered the definitive renal replacement therapy requirement
after the kidney transplant.

Statistical Analysis
We conducted a descriptive analysis based on each variable nature and distribution. First, we used the chi-square test to
compare categorical variables and the Student’s #-test or Mann—Whitney U-test for quantitative variables, determined by
their respective distributions. We deemed statistical significance by a p-value of less than 0.05. Next, we employed
logistic regression to uncover the factors associated with each outcome. We calculated the crude and adjusted odds ratios
(OR) alongside their corresponding 95% confidence intervals (CI) to pinpoint independent risk factors. An automatic
backward variable selection method based on Akaike’s information criterion (AIC) was used as model variable inclusion.
Variables that changed the estimates by 10% were considered cofounders and controlled by their inclusion in the model.
The Hosmer-Lemeshow test and Nagelkerke’s R2 (Pseudo-R-square) were used to assess the reduced model. Finally, we
evaluated multicollinearity using the Variance Inflation Factor (VIF), excluding any variable with a VIF greater than five.
To compare the prediction of the different non-adherence definitions (HNA, INA, ANA, PNA, SIL) we used a logistic
regression prediction model following the steps described by Shipe ME and Steyerberg.'®!” We trained each model with
80% of the sample and tested the prediction in the remaining 20%; the train and test population selection were randomized.
Following, we estimated non-adjusted ORs and confidence intervals for each outcome. Next, we calculated the Area Under
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Table | Non-Adherence Definition and Assessment Methods

Name

Definition

Assessment

Timeframe

Holistic non-
adherence (HNA)

It is the modification or non-compliance with the therapeutic
regimen that endangers the graft’s survival or functionality,
made by the patient consciously or unconsciously, openly or
secretly, intentionally or unintentionally.

Operationally, a non-adherent patient fails to attend monthly
check-ups, omits or modifies the doses of his medications, or
persistently disobeys medical orders regarding taking biopsies,

hospitalization, laboratory tests, and/or careful behavior.

Semi-structured interview by
the mental health group.
Self-base information and
medical records.

Since the transplant.

Immunosuppression

non-adherence

Any failure in immunosuppression compliance. Understand by

having missed one or more doses of immunosuppressive

Semi-structured interview by

the mental health group. Self-

In the last month.

(INA) medication, poor knowledge of the daily medication, base information.
modification of the treatment without medical indication and
inappropriate time of the immunosuppressors intake.
Suboptimal Immunosuppressor levels are requested for dose adjustment | Medical records. Since the transplant
immunosuppressor and regarding the patient’s clinical condition. The main factors
levels (SIL) contributing to the need for follow-up include the worsening

of renal function, instances of acute rejection, clinical or
laboratory findings indicating toxicity, recurrent infections,
secondary or adverse events, and modifications to
pharmaceutical treatment that affect the metabolism of
immunosuppressants.

The suboptimal levels are considered only after adequate
levels were obtained, and defined as tacrolimus <5 ng/mL,
sirolimus <4 ng/mL, everolimus <4 ng/mL and cyclosporine
<100 ng/mL.

Appointment non- Medical records.

adherence (ANA)

One or more failures to attend the medical appointments Since the transplant

after transplant.

Procedure non- Medical records.

adherence (PNA)

One or more episodes of disobeying medical procedure Since the transplant
orders (taking biopsies, hospitalization, laboratory tests) after

transplant

the Curve (AUC), sensitivity, and specificity in the test sample. Understanding the AUC as a marker of the discrimination
ability considering a prediction of a binary event, where 1 is a perfect discrimination between populations and 0.5 a failed
discrimination.'®'® We understand the results using a common classification presented by de Hond et al,'” where categories
assessed discrimination as failed or random (0.5-0.6), low or mild (0.6-0.7), moderate (0.7-0.8), good (0.8-0.9) and
excellent (0.9-1); therefore, non-significant all AUC values were below 0.6. A sensitivity analysis was made comparing
baseline characteristics between included and excluded patients. All analyses were conducted using R software version 4.2.2.

Ethical Statement

This study complied with national and international guidelines, such as the Declaration of Helsinki*® and the Colombian
Resolution 8430 of 1993.2' Following the Declaration of Istanbul, all kidneys were donated voluntarily with written
informed consent.”? The study was approved by the Dexa Diab ethics committee, and the written informed consent was
waived by the Dexa Diab ethics committee, due to retrospective nature of the study and anonymized presentation of results.
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Results
Between January 2019 and July 2021, we assessed 1031 patients, but 292 patients did not complete the follow-up and
were excluded. Therefore, the study included 739 kidney transplant recipients that achieved the selection criteria, the

median follow-up time was 26 months, baseline characteristics are presented in Table 2. Holistic non-adherence was

Table 2 Characterization of Adherent and Non-Adherent Patients and Their Outcomes

Adherent Non-Adherent Total P-value
(N=527) (N=212) (N=739)
Age in years, median [IQR] 47.0 [36,58] 45.5 [35.7,57] 47.0 [37,58.5] 0.139*
Age categories, n (%)
Less than 10 1 (0.2%) 0 (0%) 1 (0.1%) 0.687 °
Between |1-20 15 (2.8%) 12 (5.7%) 27 (3.7%)
Between 21-65 455 (86.3%) 180 (84.9%) 635 (85.9%)
More than 65 56 (10.6%) 20 (9.4%) 76 (10.3%)
Sex, n (%)
Female 235 (44.6) 83 (39.2) 318 (43.0) 0.204°
Male 292 (55.4) 129 (60.8) 421 (57.0)
Marital status, n (%)
Single 154 (29.2) 68 (32.1) 222 (30.0) 0.014%°
Stable marital union 313 (59.4) 107 (50.5) 420 (56.8)
Dissolved marital union 32 (6.1) 12 (5.7) 44 (6.0)
Underage 6 (I.1) 8 (3.8) 14 (1.9)
Other 22 (4.2) 17 (8.0) 39 (5.3)
Social support, n (%)
Functional 463 (87.9) 167 (78.8) 630 (85.3) 0.020%*
Poor 48 (9.1) 29 (13.7) 77 (10.4)
Inadequate 16 (3.0) 16 (7.5) 32 (43)
Transplant group, n (%)
Single-center transplant care by our group 417 (79.1) 119 (56.1) 536 (72.5) <0.00 %+
Divided transplant care 110 (20.9) 93 (43.9) 203 (27.5)
Time after transplantation, n (%)
Between 0 and 12 months 93 (17.6) 18 (8.5) 111 (15.0) <0.00 1+
Between |3 and 60 months 224 (42.5) 76 (35.8) 300 (40.6)
61 months or more 210 (39.8) 118 (55.7) 328 (44.4)
Number of transplants, n (%)
First 512 (97.2) 207 (97.6) 719 (97.3) 0.905°
Second or more 15 (2.8) 5(24) 20 (2.7)
Donor type, n (%)
Cadaveric 342 (64.9) 144 (67.9) 486 (65.8) 0.484°
Living 185 (35.1) 68 (32.1) 253 (34.2)
Socioeconomical status, n (%)
Low 343 (65.1%) 134 (63.2%) 477 (64.5%) 0311°
Medium 171 (32.4%) 76 (35.8%) 247 (33.4%)
High 13 (2.5%) 2 (0.9%) 15 (2.0%)
Graft rejection, n (%)
No 503 (95.4) 194 (91.5) 697 (94.3) 0.055°
Yes 24 (4.6) 18 (8.5) 42 (5.7)
Graft loss, n (%)
No 518 (98.3) 194 (91.5) 712 (96.3) <0.00 1+
Yes 9 (1.7) 18 (8.5) 27 3.7)
Mortality, n(%)
No 506 (96.0) 193 (91.0) 699 (94.6) 0.01 1%
Yes 21 (4.0) 19 (9.0) 40 (5.4)

Notes: *Comparison by Mann-Whitney U-test. PComparison by chi-square test *Statistically significant result p<0.05 **Very statistically significant p < 0.005.
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Figure | Venn diagram of non-adherence patients by definition. HNA: Holistic non-adherence; PNA: Procedure non-adherence; ANA: Appointment non-adherence; INA:
Immunosuppression non-adherence and SIL: Suboptimal immunosuppression.

presented in 28.7% of the patients, INA in 23%, SIL in 15.3%, ANA 41.1%, and PNA 37.2%. The distribution of non-
adherent patients is presented in a Venn diagram (Figure 1) and of adherent patients in the Appendix 3 (Figure 1).
Compared to adherent patients, non-adherents had more divided transplant care, longer time after transplantation, and
less stable marital union. In the outcomes, non-adherent patients had more graft rejection (8.5% vs 4.6%, P value 0.055),
higher incidence of graft loss (8.5% vs 1.7%, P value <0.001) and mortality (9% vs 4%, P value 0.011) (Table 2).

Multivariate Analysis

In the multivariate analysis, non-adherence was associated with all adverse outcomes. The non-adherent patients had an
adjusted OR of 2.28 (IC95% 1.15-4.47) for graft rejection, 2.66 (IC95% 1.37-5.15) for mortality, and 6.44 for graft loss
(IC95% 2.71-16.6).

The logistic regression for graft rejection exposed that each year growth decreases a 4% the risk of the outcome (OR
0.96, CI 95% 0.94-0.98) and 13 to 60 months after transplantation (OR 0.36, CI 95% 0.16-0.79) presented as
a protective factor compared to less than one year after transplant. In the model for mortality age presented as a risk
factor, with a 5% increased risk for each year’s growth (OR 1.05, CI 95% 1.02—-1.08). Finally, the model for graft loss
included age (OR 0.93, CI 95% 0.90-0.97), longer time after transplantation (Between 13 and 60 months OR 0.21, CI
95% 0.06-0.71), and a living donor (OR 0.27, CI 95% 0.08-0.74) as protective factors. All adjusted and non-adjusted
OR with the respective p values are described in Table 3.

The three outcome reduced models had goodness of fit by the Hosmer-Lemeshow test and no interaction or
multicollinearity. The only confounding variable found was the marital status for graft loss which was controlled by
its inclusion in the model. The Nagelkerke R2 was 0.10 for mortality, 0.20 for graft loss, and 0.11 for graft rejection.

Adherence Definitions Comparison
The different non-adherence definitions were compared for mortality, graft loss and acute rejection. The AUC and un-
adjusted ORs are presented in Table 4 and Figure 2.

For the three outcomes, only mild and moderate discrimination was found. For mortality, HNA and ANA presented
a mild prediction discrimination, while PNA, SIL and INA had no prediction significance. For graft loss, HNA and ANA
elicited a mild prediction discrimination, and INA and PNA a moderate prediction discrimination. Finally, for graft
rejection, all the definitions had no prediction significance.
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Table 3 Multivariate Analysis of the Main and Secondary Outcomes

Mortality Graft Loss Graft Rejection
Un-Adjusted OR Adjusted OR* Un-Adjusted OR Adjusted OR* Un-Adjusted OR Adjusted OR*
OR (Cl 95%) p-value OR (CI 95%) p-value OR (Cl 95%) p-value OR (CI 95%) p-value OR (Cl 95%) p-value OR (CI 95%) p-value
Age (years) 1.05 (1.02-1.07) <0.001 ** 1.05 (1.02-1.08) <0.001 ** 0.96 (0.93-0.99) 0.012* 0.93 (0.90-0.97) 0.001* 0.95 (0.93-0.98) <0.001 ** 0.96 (0.94-0.98) 0.002#*
Sex (Reference feminine)
Masculine 1.81 (0.93-3.76) 0.091 0.94 (0.43-2.08) 0.880 1.007 (0.53-1.91) 0.981
Marital status (Reference
stable marital union)
Single 4.73 (0.18-1.04) 0.084 1.23 (0.54-2.85) 0.562 0.60 (0.21-1.60) 0.322 1.75 (0.88-3.44) 0.104
Dissolved marital union 1.06 (0.24-3.18) 0.920 0.62 (0.03-3.21) 0.656 1.06 (0.05-6.13) 0.956 0.49 (0.02-2.45) 0.493
Underage EV 0.988 EV 0.988 EV 0.986 5.75 (1.22-20.33) 0.015*
Other 1.21 (0.28-3.65) 0.760 0.71 (0.03-3.65) 0.744 5.38 (0.02-3.06) 0.566 1.14 (0.17-4.14) 0.862
Transplant care group
(Single-center care by
Colombiana de trasplantes)
Divided transplant care 1.85 (0.93-3.48) 0.071 1.86 (0.82-4.04) 0.121 0.51 (0.20-1.10) 0.112
Support networkf
(Reference functional)
Poor 2.24 (0.92-4.85) 0.052 0.34 (0.01-1.68) 0.304 1.57 (0.57-3.65) 0.798
Inadequate 0.62 (0.03-3.05) 0.647 273 (0.62-8.44) 0.118 2.66 (0.75-7.32) 0.081
Time after transplant
(Reference between 0 and 12
months)
Between |3 and 60 months 2.29 (0.75-9.94) 0.189 0.35 (0.11-1.05) 0.058 0.21 (0.06-0.71) 0.011* 0.39 (0.18-0.83) 0.014* 0.36 (0.16-0.79) 0.010*
61 months or more 2.21 (0.73-9.55) 0.208 0.61 (0.24-1.66) 0310 0.36 (0.12-1.14) 0.075 0.26 (0.11-0.58) 0.00 1 0.257 (0.10-0.60) 0.001#*
Number of transplants
(Reference first transplant)
Second or more 0.91 (0.05-4.60) 0.934 1.40 (0.07-7.17) 0.746 3.07 (0.69-9.65) 0.082 3.29 (0.72-10.9) 0.075
Donor type (Reference
Cadaveric)
Living 0.39 (0.15-0.84) 0.026* 0.45 (0.14-1.05) 0.088 0.27 (0.08-0.74) 0.017* 1.81 (0.96-3.38) 0.063
Socioeconomical status
(Reference Low)
Medium 1.37 (0.69-2.62) 0.348 0.42 (0.14-1.05) 0.090 0.78 (0.38-1.53) 0.501
High 1.40 (0.0.7-7.44) 0.750 EV 0.988 1.10 (0.05-5.79) 0.925
Adherence (Reference
Adherent)
Non-adherent 237 (1.23-4.51) 0.008** 2.66 (1.37-5.15) 0.003** 5.34(2.41-12.64) <0.001 ** 6.44 (2.71-16.6) <0.001 ** 1.94 (0.01-3.64) 0.039* 228 (1.15-4.47) 0.016*

Notes: “Adjusted ORs were obtained from the reduced logistic model *Statistically significant result p<0.05 **Very statistically significant p < 0.005.
Abbreviations: EV, extreme values; OR, odds ratio.
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Table 4 Adherence Definitions Non-Adjusted Odds Ratios (OR) and Area Under the Curve (AUC) for Each Outcome

Mortality Graft Loss Graft Rejection

OR (CI 95%) p-value | AUC OR (Cl 95%) p-value AUC OR (CI 95%) p-value | AUC
Holistic non-adherence 237 (1.23451) 0.008* 0.66 5.34 (2.41-12.65) <0.001 ** 0.69 1.94 (1.01-3.64) 0.039* 0.47
(Reference Adherence)
Immunosuppression non- 2.1 (1.06-4.04) 0.028* 0.57 3.83 (1.75-8.43) <0.001 ** 0.70 1.94 (0.98-3.69) 0.047* 0.49
adherence (Reference
Compliance)
Suboptimal 0.78 (0.26-1.87) 0.615 0.53 2.92 (1.22-6.52) 0.011* 0.58 2.06 (0.964.13) 0.047* 0.54
immunosuppressor levels
(Reference Optimal levels)
Appointment non- 1.46 (0.76-2.77) 0.244 0.68 1.56 (0.72-3.42) 0.253 0.61 1.32 (0.70-2.47) 0.381 0.59
adherence (Reference
adherence)
Procedures non-adherence 0.80 (0.39-1.55) 0.527 0.52 2.54 (1.17-5.71) 0.019% 0.78 0.93 (0.47-1.76) 0.836 0.53
(Reference adherence)

Notes: *Statistically significant result p<0.05 **Very statistically significant p < 0.005.

Abbreviations: OR, odds rati

io; AUC, area under the curve.

Sensitivity Analysis

We compared the baseline characteristics of the included and excluded patients and found no significant differences,

except for donor type, time after transplant, and transplant care group. We conducted another analysis divided by donor
type. We found a similar risk factor tendency for HNA for all outcomes. Still, it was only significant for mortality and
graft rejection of living donors and graft loss of cadaveric donors. Finally, we analyzed adolescent patients who
demonstrated a higher prevalence of all non-adherence definitions, graft loss, and graft rejection; the associated factors

for each outcome could not be estimated because of the small number of patients. The detailed analysis is presented in

Appendix 3.
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Discussion

Main Findings

The main goal of our 739-kidney recipient’s retrospective cohort was to describe the outcomes of non-adherence using
a wide definition proposed by the authors. Our results have undeniably confirmed that non-adherence is a significant risk
factor for worst outcomes in kidney transplant recipients. This is consistent with previous literature that associated INA
with adverse outcomes;'***** but novel in the non-adherence definition of a behavioral pattern beyond INA. This
definition was associated with mortality, graft rejection, and graft loss. Moreover, HNA performs as a relevant predictor
for mortality and graft loss.

Non-Adherence and Worst Outcomes

Our study found that almost one in three kidney recipients is non-adherent. This is consistent with the systematic review
of Belaiche S et al,”> who described a non-adherence prevalence of 1.6 to 58.7% in kidney transplant patients. This
variability is caused by diverse assessment methods, for example, electronic monitoring, immunosuppressant blood
levels, interviews, self-reports, and refills, among others.?>2¢ Furthermore, our study found different non-adherence
incidences upon the definition used. Therefore, the non-adherence definition and assessment are primordial for under-
standing results. Moreover, as non-adherent patients are a high-risk population, a wide definition permits a broader
diagnosis of patients that may need special care to reduce the risk of worst outcomes.”’

Graft loss was presented in 3.7% of our patients. Similar to the observational study published by Prihodova,'? who
evidenced a graft loss prevalence of 4.4% in kidney transplant patients. However, this is lower than the previous graft
loss incidence of 11.6% reported by Pinto in our same population®® and 13% reported in different populations by
Gumabay.”’ The incidence of this outcome can vary due to the numerous factors contributing to graft loss.>* Even so, this
outcome is of paramount relevance due to the need for re-transplantation or dialysis. Therefore, multiple studies have
evaluated the associated factors with graft loss, but they mainly include clinical variables.”®>" Therefore, there is a need
to assess the relation of nonclinical factors such as non-adherence.

Following that course, one of our main results is the sixfold increased risk of graft loss for non-adherent patients.
These results are comparable to Prihodova’s results, who found a similar HR of 6.03 (P < 0.05) for graft loss in poorly
adherent patients'? and Butler’s systematic review that described a sevenfold greater risk for graft loss in non-adherent
(OR 7.1 p < 0.001).*>* A longitudinal cohort study presented similar evidence, describing ANA and INA as a risk factor
for graft loss, and they also found that a joint view of non-adherence provides a higher association measure for graft
loss.® Conversely, other studies have concluded that non-adherence is not associated with graft loss; these authors
explained that this might occur cause of insufficient statistical power, given the relatively small number of events.?

Some authors consider that the relation of graft loss and non-adherence is caused by an increased cellular rejection,
the development of donor-specific antibodies, transplant glomerulopathy, and a reduced beneficial response to
immunosuppressor.'”> On the other side, the non-adherence consensus conference reported that the impact of non-
adherence may be due to the consequences of comorbidities and lifestyle factors. But they clarified that it is
a complex relationship that could be affected by several other mechanisms.>* Currently, there is little understanding of
the relationship between graft loss and non-adherence. However, it is known that non-adherence is a relevant risk factor
for graft loss, which may be aggravated in the acute rejection panorama.

Evidence suggests that non-adherence is accountable for 47-80% of late acute rejections.''*3*¢ Our study confirms
the association between non-adherence and graft rejection, based on a twofold increased risk (adjusted OR 2.28, p 0.016)
for graft rejection compared to adherent patients. Furthermore, previous literature reported similar findings: ANA
increased 1.5 times the risk,>® INA a 2.64 OR (p 0.012)"° and history of non-adherence by healthcare professional
assessment had an HR 1.32 (p 0.250).%° This is relevant as these acute rejections affect the quality of life of the kidney
recipients, increase caretaker stress, and intensify the therapies needed and the cost of the treatment.>” **

This study also provides compelling evidence of the significant association between mortality and non-adherence,
increasing the risk of death twofold compared to adherent kidney recipients. This is comparable to previous evidence of
a 31% higher risk for death in kidney transplant patients with appointment non-adherence.*> Moreover, even regular
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immunosuppression adherence has been reported as a risk factor, with a 54% higher risk of death compared to excellent
adherence.*® Therefore, non-adherence plays a major role in kidney recipient care, associated with several worst
outcomes, as suggested by previous evidence and confirmed by our results.

Non-Adherence as a Predictive Tool

In the light of the evidence of non-adherence as a risk factor for worst outcomes, our team tested five different non-
adherent definitions for the four studied outcomes. The definitions were self-reported immunosuppressor non-adherence
(INA), suboptimal immunosuppressor levels (SIL), appointment non-adherence (ANA), procedure non-adherence (PNA)
and holistic non-adherence (HNA). None of the above provides an optimal prediction for graft rejection. However, HNA
and ANA presented a mild-to-moderate predictive discrimination for graft loss and mortality, while INA and PNA
presented only for graft loss.

Currently, multiple studies have reported novel prediction models for graft loss. A systematic review of risk
prediction models for kidney transplantation found more than 39 articles presenting or validating prediction models in
this population. The main factors addressed were related to the transplantation (ex. HLA mismatch, acute rejection, cold
ischemia time), donor clinical variables (ex. age, gender, BMI, diabetes, dialysis duration, creatinine), and recipient
clinical variables (ex. age, donor type, gender, comorbidities).** These proposed models have different prediction
methods: decision tree, random forest, artificial neural network, support vector machine, adaptive boosting, Cox
model, deep learning, and logistic regression.”****” Therefore, in different prediction performances, Naqvi*® reported
an AUC of 69% for five years of graft loss prediction and Yoo K** an 70% AUC for ten years of graft survival. In our
population, Pinto et al*® have proposed a prediction model for graft loss and death, reporting a c-index of 0.6 and 0.72,
respectively. Both models, ours and Pinto’s, had mild performance, but ours considered only non-adherence, while
Pinto’s included mainly clinical factors. Therefore, we believe that the conjunction of clinical factors and adherence to
new prediction tools may improve the performance of the models.

Study Limitations

First, a main limitation is the subjectivity of the non-adherence definition that could restrain the reproducibility of this
methodology, to reduce this limitation and increase the reproducibility the semi-structured interview was presented in the
Supplemental Material. Also, non-adherence was presented only in the first assessment and not as process across time.

Second, there was an exclusion of a third of patients due to incomplete follow-up, who may be also non-adherent
patients, to address this limitation a sensitivity analysis was made comparing baseline characteristics between included
and excluded, but the outcome information could not be retrieved. Third, previous literature evidence has supported
higher non-adherence prevalence in the Covid-19 pandemic.*® Therefore, these results must be considered in the global
pandemic context and reinforced by future research in post-pandemic. Finally, the generalization of these findings needs
validation in other populations, as these descriptions were made in a single-center institution with a convenience sample.

Conclusion

Finally, we have described that a wide definition of non-adherence is a significant risk factor for worst outcomes in
kidney transplant recipients. Compared to other non-adherence definitions, ours and appointment non-adherence have
mild-to-moderate discrimination in predicting graft loss and death. This may open the discussion for the usage of
different non-adherence definitions above immunosuppression noncompliance. Also, these results may be the base for
further research in kidney recipient’s outcome prediction that includes clinical considerations and non-adherence in the
post-pandemic era. In addition, this study supports the clinical consideration of non-adherence as a fundamental risk
factor in this population. Therefore, we encourage healthcare professionals to assess non-adherence in kidney transplant
recipients and consider early interventions to prevent worst outcomes.
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