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INTRODUCTION

Tacrolimus (Tac) is widely used immunosuppressant in kid-
ney transplantation for graft survival. Therapeutic drug moni-
toring is essential to help Tac management because of its high 
intra and interpatient variability. Although whole blood trough 
levels were most commonly used, they are weakly correlated 
with clinical outcomes in regard to immunosuppression.1 Re-
cently, Tac intrapatient variability (Tac IPV), the fluctuation of 
whole blood Tac trough levels within a patient over a period 
of time, has been considered as a better marker to evaluate 
post-graft risk.2 High Tac IPV is a significant risk factor that 
can affect the prognosis of patients after solid organ transplan-
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tation. This can cause cumulative damage to the transplanted 
organ, including T-cell-mediated rejection, donor-specific an-
ti-HLA antibodies, and vascular changes in kidney grafts, 
causing chronic ischemia and irreversible fibrotic damage.3,4

Food and drug interactions, cytochrome P450 3A5 expres-
sion, certain comorbid illnesses, and medication non-adher-
ence (MNA) have been known factors contributing to Tac 
IPV.2 MNA obviously results in high Tac IPV, which has an 
impact on poor outcomes after kidney transplantation. Al-
though MNA has been considered an important determinant 
of high Tac IPV, there have been rarely known other factors 
to be measured and accessed more easily by clinicians to pre-
dict high Tac IPV. 

Psychiatric evaluation is an important step in selecting can-
didates for organ transplantation. Some studies indicated that 
neuropsychological alterations could affect the inflammatory 
mechanisms, which were related to graft rejection.5 Psycho-
logical factors were shown to affect the number of immune 
cells in the peripheral blood.6 For instance, white blood cell 
counts and its subsets were increased in patients with psy-
chiatric disorders. The patients with major depressive disorder 
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had higher neutrophils and monocyte counts.7 Other studies 
showed that personality factors were associated with differ-
ences in endocrine and immune responses after serotonergic 
(5-HT) stimulation, which were known to be involved in graft 
rejection processes. For example, the high scores of impulsiv-
ity, psychoticism, and boredom susceptibility have been iden-
tified as more responsive to the 5-HT agonist, indicating a 
larger reduction in T-helper cells and greater cortisol release.8 
Patients with high scores of psychoticism were found to be 
more responsive to a 5-HT agonist, with a considerable reduc-
tion in T-helper cells.8,9 These imply that psychiatric property 
could affect graft rejection via the biological process.

During the pre-transplantation period, it is essential to as-
sess the patient’s therapeutic adherence and understanding 
of the treatment. Medical compliance, including medication 
adherence, is the primary predictor of treatment success.10 
Significant emotional distress and certain personality traits can 
affect medical compliance in patients awaiting organ trans-
plantation.11 In a recent systematic review, factors including 
age <50 years, male sex, low social support, unemployment, 
low education, and depression were shown to be significantly 
associated with the MNA in kidney transplantation.12 The 
Minnesota Multiphasic Personality Inventory (MMPI) and 
now the MMPI-2 have long been used to assess the emotional 
and psychological suitability of candidates for organ trans-
plantation. It appears to be a valuable instrument for pre-trans-
plantation evaluation of the liver and kidney.13 The validity 
scales of the MMPI provide an objective clinical impression 
of dissimulation in the psychometric evaluation of living kid-
ney transplantation.14 Scale scores for defensiveness (K) and 
hypomania (Ma) before transplantation have been reported 
as risk factors for smoking reabusing after heart transplanta-
tion.15 Taken together, the MMPI-2 can be used to assess the 
patient’s psychological characteristics related to medical com-
pliance in pre-kidney transplantation evaluation alongside a 
psychiatric interview. 

Globally, 192,307 patients were on kidney transplantation 
waiting lists in 2017. Given a lack of deceased donor kidneys, 
living kidney transplantation has become increasingly com-
mon for patients with end-stage kidney disease. It is one of 
the most progressive and growing areas of organ transplanta-
tion in many countries.16 Considering the importance of man-
aging Tac IPV to improve long-term graft survival after trans-
plantation, it is crucial to intervene in MNA, the prominent 
determinant of Tac IPV. In addition, a measurable instrument 
to identify high Tac IPV in pre-transplant evaluation could 
help clinicians recognize at-risk patients and provide more 
intensive interventions for preventing graft failure. In the pres-
ent study, we investigated the MMPI-2 profile performed by 
recipients during the living kidney pre-transplantation evalu-

ation. Then, these were analyzed to test the MMPI-2 profile as 
a predictive factor of high Tac IPV. 

METHODS

Study population
One hundred twenty-six patients who had living kidney 

transplantation were initially screened between February 
2011 and August 2022. Inclusion criteria included: 1) age ≥19 
years, 2) single kidney transplantation, 3) treated with Tac at 
least one year after transplantation, 4) available to calculate 
the coefficient of variability (CV) for blood Tac concentration 
between 6 and 12 months after transplantation, and 5) had 
performed the MMPI-2 as a pre-transplantation evaluation. 
Exclusion criteria were 1) death, 2) absence for follow-up or 
transfer to another hospital, 3) graft loss due to acute trans-
plant rejection, 4) change in immunosuppressive drugs be-
tween 6–12 months post-transplantation, and 5) discontinued 
Tac use due to other infections or unknown reasons between 
6–12 months post-transplantation. 

Clinical measurement
Age, sex, education, occupation, family status, number of 

medicines, and biological relationships were assessed to ex-
amine the epidemiological characteristics of the patients. The 
MMPI-2 was performed as a pre-transplantation evaluation 
to assess the psychological factors of the recipients. The MMPI-
2 is a well-standardized self-report measure designed to assess 
personality traits and psychopathology in an individual’s per-
sonality. Briefly, it consists of 567 statements that can be rated 
as “correct” or “incorrect.” Successively, statements are grouped 
into nine validity scales and ten clinical scales. We used the Ko-
rean version of the MMPI-2, which has been previously vali-
dated.17 The present study was based on the results obtained 
from the following three validity scales: lie (L), infrequency 
(F), and defensiveness (K); and ten clinical scales: hypochon-
driasis (Hs), depression (D), hysteria (Hy), psychopathic devi-
ate (Pd), masculinity-femininity (Mf), paranoia (Pa), psych-
asthenia (Pt), schizophrenia (Sc), hypomania (Ma), and social 
introversion (Si). MMPI-2 raw scale scores were converted to 
T-scores for comparison with the normal group.18 

Tac trough levels were measured between 6–12 months. 
All patients were tested for Tac trough levels by the same lab 
or using the same testing method. The estimated glomerular 
filtration rate (eGFR; mL/min/1.73 m2) was calculated using 
the modified Modification of Diet in Renal Disease equation 
to evaluate renal function one year after transplantation.

Tac IPV calculation
All patients were treated with a stable dose of Tac at 6 and 12 
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months after transplantation, with Tac plasma levels corrected 
for drug dosage. The standard deviation (SD) and IPV of Tac 
blood concentrations were confirmed for drug compliance. 
Patients with erroneously high Tac concentrations (>20 ng/
mL) resulting from morning doses before blood sampling 
were excluded. Patients with extremely low Tac concentra-
tions (<0.5 ng/mL) resulting from intentional dose reduction 
due to infection or disease were also excluded. The CV is the 
most commonly used measure of IPV. In previous retrospec-
tive studies, cutoffs for the CV have been selected as the medi-
an value for the population, ranging from 14.9% to 40%.19-21

IPV was estimated using the following equation: 

CV (%)=(SD/mean Tac trough concentration)×100.

Mean Tac concentrations were calculated using outpatient 
Tac concentrations between 6–12 months. This time frame 
has been known as a stable period of post-renal transplanta-
tion to study and primarily focused time period by the cur-
rent body of evidence.4,22 Patients were divided into two groups, 
low IPV (L-IPV) and high IPV (H-IPV), according to the CV 
cutoff. We used two types of cutoff values: the median value 
of the study population and a value of 30 from the previous 
studies.

The median Tac IPV was significantly associated with an 
increased risk of late-onset antibody-mediated rejection and 
was also used as the cutoff value in previous studies.23 The IPV 
30 was selected as it aligned with the accepted pharmacoki-
netic definition of highly variable for the area under the con-
centration-time curve and Cmax, and it demonstrated poor 
outcomes when IPV was >30%.21

Cutoff of median IPV value
The median IPV value of the patients was calculated and 

found to be 24. Patients with an IPV below the median were 
assigned to the L-IPV 24 group and those with a value equal 
to or greater than the observed median were assigned to the 
H-IPV 24 group. 

Cutoff of IPV 30
Another cutoff value for Tac IPV (CV>30%) was used. Pa-

tients with an IPV below the cutoff were assigned to the L-IPV 
30 group, and those with a value equal to or greater than 30 
were assigned to the H-IPV 30 group.

Statistical analysis
Differences in the baseline characteristics and laboratory 

findings after transplantation were compared between the 
low- and high-IPV groups using independent t-tests. Explan-
atory variables that significantly affected Tac IPV were identi-

fied using independent t-tests. Stepwise multiple logistic re-
gression analysis was conducted. MMPI-2 scale scores, including 
validity scales: L, F, K, and the 10 clinical scales, were included 
as independent variables influencing Tac IPV, the dependent 
variable. In addition, age and sex were included as indepen-
dent variables for adjusting. The stepwise method was used as 
a variable selection method. Significant variables were select-
ed using the minimum value of the Akaike information cri-
terion, and the model was finally determined. The confusion 
matrix of logistic regression was used to explain the statistical 
power. To evaluate the performance of this model, the sensi-
tivity, specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and F1-score were measured based on 
the confusion matrix. Cutoff values of significant variables to 
discriminate the H-IPV group were analyzed by constructing 
receiver operating characteristic (ROC) curves using moon-
Book package (https://github.com/cardiomoon/moonBook). 
Statistical significance was set at p<0.05, and the data were 
analyzed using R 4.2.0 (Posit PBC, Boston, MA, USA).

Ethical considerations 
The study was conducted according to the guidelines of the 

Helsinki Declaration of 1975, as revised in 2008, and was ap-
proved by the Institutional Review Boards of Kyung Hee Uni-
versity Hospital (KMC 2022-07-016) and Kyung Hee Univer-
sity Hospital at Gangdong (KHNMC 2022-05-017). Patient 
consent was waived because this was a retrospective review of 
medical records. 

RESULTS

Study population
Of the total 126 patients initially screened, 102 subjects 

were included in the study (Figure 1). Age, sex, duration of 
education, occupation, family status, and number of medi-
cines were not significantly different between the L-IPV and 
H-IPV groups. The number of biologically related donors was 
41 (57.7%) in L-IPV 30 and 11 (35.5%) in H-IPV 30 subgroups 
(p=0.04). The number of those was not significantly different 
between L-IPV 24 and H-IPV 24 subgroups. The L-IPV 24 
and H-IPV 24 subgroups contained 49 and 53 subjects, re-
spectively. The mean age of the L-IPV 24 subjects was 47.9± 
11.1 years, and 32 were men (65.3%). The mean duration of 
education was 13.8±2.8 years. Twenty-three (46.9%) were un-
employed, 48 (98.0%) were cohabiting with family, and the 
mean number of medicines was 8.2±3.2. Biologically related 
subjects were 26 (53.1%). The mean age of the H-IPV 24 sub-
jects was 50.3±11.6 years, with 32 men (60.4%). The mean du-
ration of education was 13.6±2.3 years. Twenty-eight (52.8%) 
were unemployed, 52 (98.1%) were cohabiting with family, and 
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the mean number of medicines was 9.0±3.0. Twenty-six (49.1%) 
subjects were biologically related (Table 1). The IPV 30 sub-
group contained 71 L-IPV 30 and 31 high IPV 30 subjects. The 
mean age of the L-IPV 30 subjects was 47.7±11.2 years, and 
46 were men (64.8%). The mean duration of education was 
13.9±2.6 years. Thirty-seven (52.1%) were unemployed, and 

69 (97.2%) were cohabiting with family. The mean number 
of medicines was 8.3±3.0. Biologically related subjects were 
41 (57.7%). The mean age of the H-IPV 30 subjects was 52.2± 
11.3 years, and 21 (67.7%) were men. The mean duration of 
education was 13.3±2.5 years. Fourteen (45.2%) were unem-
ployed, 31 (100.0%) were cohabiting with family, and the mean 

126 KTP patients were initially screened

102 patients were ultimately included

IPV 24 (N=102)

L-IPV 24 
(N=49)

L-IPV 30 
(N=71)

H-IPV 24 
(N=53)

H-IPV 30 
(N=31)

IPV 30 (N=102)

24 were excluded
  - Deaths (N=2)
  - Follow up loss or transferred to other hospital (N=4)
  - Graft losses (N=4)
  - Immunosuppressive drugs change (N=8)
  - Discontinued the tacrolimus (N=6)

Figure 1. Consort diagram. KTP, living kidney transplatation; IPV 24, cutoff 24 of IPV value; IPV 30, cutoff 30 of IPV value; L-IPV, low intrapa-
tient variability of tacrolimus; H-IPV, high intrapatient variability of tacrolimus. 

Table 1. Demographics and clinical characteristics of the group 
IPV 24

Demographics Low (N=49) High (N=53) p
Age (yr) 47.9±11.1 50.3±11.6 0.30 
Men 32 (65.3) 32 (60.4) 0.94
MMPI_F 45.78±6.90 47.60±8.04 0.22
MMPI_L 49.67±7.95 51.62±8.85 0.25
MMPI_K 51.39±10.31 52.87±8.81 0.44
MMPI_D 55.39±11.19 52.32±8.92 0.13
MMPI_Hy 51.29±7.97 54.58±9.73 0.07
MMPI_Mf 48.02±9.30 49.68±10.36 0.40
MMPI_Pa 44.63±7.06 49.70±8.89 <0.01
MMPI_Si 51.88±11.41 49.06±9.15 0.17
MMPI_Hs 52.27±9.17 52.70±8.47 0.80
MMPI_Pd 46.61±12.13 48.19±8.39 0.45
MMPI_Pt 47.67±9.81 47.51±8.22 0.93
MMPI_Sc 46.10±7.69 46.91±8.35 0.62
MMPI_Ma 44.86±8.25 46.98±9.20 0.22
Data are presented as means±SD or number (%). Statistics: t-test. 
The significance level threshold was set at p<0.05. MMPI, Minneso-
ta Multiphasic Personality Inventory; F, infrequency; L, lie; K, defen-
siveness; D, depression; Hy, hysteria; Mf, masculinity-femininity; 
Pa, paranoia; Si, social introversion; Hs, hypochondriasis; Pd, psy-
chopathic deviate; Pt, psychasthenia; Sc, schizophrenia; Ma, hy-
pomania; SD, standard deviation

Table 2. Demographics and clinical characteristics of the group 
IPV 30

Demographics Low (N=71) High (N=31) p
Age (yr) 47.7±11.2 52.2±11.3 0.06
Men 46 (64.8) 21 (67.7) 0.77
MMPI_F 46.93±7.97 46.26±6.68 0.68
MMPI_L 50.61±8.64 50.87±8.11 0.88
MMPI_K 51.99±9.96 52.55±8.86 0.77
MMPI_D 54.82±10.74 51.45±8.33 0.12
MMPI_Hy 52.00±8.23 55.29±10.45 0.09
MMPI_Mf 49.48±10.21 47.52±8.99 0.36
MMPI_Pa 47.13±9.10 47.58±6.73 0.80
MMPI_Si 50.96±11.41 49.16±7.35 0.42
MMPI_Hs 52.38±9.19 49.16±7.87 0.85
MMPI_Pd 47.54±11.24 47.19±8.05 0.86
MMPI_Pt 47.69±9.68 47.35±7.25 0.86
MMPI_Sc 46.85±8.48 45.77±6.89 0.54
MMPI_Ma 45.30±7.90 47.48±10.49 0.25
Data are presented as means±SD or number (%). Statistics: t-test. 
The significance level threshold was set at p<0.05. MMPI, Minneso-
ta Multiphasic Personality Inventory; F, infrequency; L, lie; K, defen-
siveness; D, depression; Hy, hysteria; Mf, masculinity-femininity; 
Pa, paranoia; Si, social introversion; Hs, hypochondriasis; Pd, psy-
chopathic deviate; Pt, psychasthenia; Sc, schizophrenia; Ma, hy-
pomania; SD, standard deviation
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number of medicines was 9.3±3. Eleven (35.5%) subjects were 
biologically related (Table 2).

Associations between IPV 24 and the MMPI-2 profile
The Pa scale score of the H-IPV 24 subgroup (mean±SD, 

49.7±8.89) was significantly higher than that of the L-IPV 24 
subgroup (44.6±7.06; t=-3.17, df=100, p<0.01) (Figure 2). Any 
significance was not found between L-IPV and H-IPV 24 in 
other mean MMPI-2 scale scores using the independent t-
test (Table 1). The variables of Pa, Hy, and D were selected af-
ter the stepwise method. Significant associations were found 

in Pa scale scores (odds ratio [OR]: 1.10; 95% confidence in-
terval [CI] 1.03–1.17; p<0.01), Hy scale scores (OR: 1.08; 95% 
CI 1.01–1.15; p<0.01), and D scale scores (OR: 0.93; 95% CI 
0.88–0.98; p<0.01) with Tac IPV (Figure 3). The sensitivity, 
specificity, PPV, NPV, and F1 score of the model using the 
confusion matrix were 0.71, 0.70, 0.69, 0.73, and 0.70, respec-
tively (Table 3). The optimal cutoff value of Pa scale scores to 
discriminate the H-IPV group was 47, and its area under the 
ROC curve (AUC) was 0.68 (95% CI 0.58–0.79). The optimal 
cutoff value of the Hy scale scores and the AUC were 51 and 
0.61 (95% CI 0.50–0.73), respectively. The optimal cutoff val-
ue of D scale scores and the AUC were 57 and 0.57 (95% CI 
0.46–0.68), respectively. 

Associations between IPV 30 and the MMPI-2 profile
There was no significant difference between L-IPV and H-

IPV 30 in their mean MMPI-2 scale scores using the inde-
pendent t-test (Table 2). The variables of Hy, D, and age were 
selected after the stepwise method. The Hy scale scores (OR:  
1.09; 95% CI 1.02–1.16; p<0.01), D scale scores (OR: 0.92; 95% 
CI 0.87–0.98; p<0.01), and age (OR: 1.05; 95% CI 1.00–1.11; 
p=0.04) were significantly associated with Tac IPV (Figure 4). 
The sensitivity, specificity, PPV, NPV, and F1 scores of the 
model using the confusion matrix were 1.00, 0.25, 0.55, 1.00, 
and 0.71, respectively (Table 3). The optimal cutoff value of Hy 
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Figure 2. Difference of Pa scale scores between low and high IPV 
24 groups. The diagram shows Pa scale scores. The difference be-
tween low and high groups were examined by the independent t- 
test. The Pa scale scores of high (mean±SD: 49.7±8.89) compared 
to low group (44.6±7.06) were significantly high (t=-3.17, df=100, 
p<0.01). IPV 24, cutoff 24 of IPV value; Pa, paranoia; SD, standard 
deviation.

Pa

Hy

Age

D

C
lin

ic
al

 sc
al

es

0.75                     1.0                      1.25

ORs (95% CI)

1.10 (1.03–1.17)

1.08 (1.01–1.15)

1.02 (1.98–1.07)

0.93 (0.88–0.98)

Figure 3. Multiple logistic regression ORs plot in IPV 24. Signifi-
cant associations were found in Pa scale scores (p<0.01), Hy scale 
scores (p<0.01), and D scale scores (p<0.01) with Tac IPV. OR, odds 
ratio; CI, confidence interval; IPV 24, cutoff 24 of IPV value; Pa, 
paranoia; Hy, hysteria in the MMPI-2 clinical scale; D, depression; 
Tac IPV, tacrolimus intrapatient variability.
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Figure 4. Multiple logistic regression ORs plot in the IPV 30. The 
Hy scale scores (p<0.01), D scale scores (p<0.01), and age (p= 
0.04) were significantly associated with Tac IPV. OR, odds ratio; 
CI, confidence interval; IPV 30, cutoff 30 of IPV value; Hy, hyste-
ria in the MMPI-2 clinical scale; D, depression; Tac IPV, tacrolim-
us intrapatient variability.

Table 3. Confusion matrix of multiple logistic regression models

Sensitivity Specificity PPV NPV F1 score
IPV 24 0.71 0.70 0.69 0.73 0.70
IPV 30 1.00 0.25 0.55 1.00 0.71
PPV, positive predictive value; NPV, negative predictive value; IPV 
24, cutoff 24 of IPV value; IPV 30, cutoff 30 of IPV value
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scale scores to discriminate the H-IPV group was 51, and its 
AUC was 0.61 (95% CI 0.48–0.73). The optimal cutoff value of 
D scale scores and the AUC were 57 and 0.57 (95% CI 0.45–
0.69), respectively.

Tac IPV and eGFR 
Kidney function was assessed using the eGFR at one year. 

Differences in the mean eGFR values between the L-IPV and 
H-IPV groups were examined using independent t-tests. The 
eGFR at one year of H-IPV 30 was significantly lower than 
that of L-IPV 30 (mean±SD: 52.1±18.1, 61.8±14.9, respective-
ly; df=48.4, p=0.01). There was no significant difference between 
L-IPV 24 and H-IPV 24 in the eGFR at one year (59.7±14.6, 
58.0±18.1, respectively; df=98.2, p=0.6) (Figure 5).

DISCUSSION

In this study, we found that the MMPI-2 profile performed 
by patients during living kidney pre-transplantation evalua-
tion had predictive factors for Tac IPV. The scale scores of Hy, 
D, and Pa were predictive of Tac IPV in the IPV 24 stepwise 
multiple regression analysis. The cutoffs of Hy, D, and Pa 
scales to discriminate high Tac IPV were 51, 57, and 47, re-
spectively. In the IPV 30 model, the scale scores of Hy and D 
were shown to be predictive of Tac IPV, and the cutoffs were 
51 and 57, respectively.

The ORs of the Hy scale were 1.08 (95% CI 1.01–1.15, p<0.01) 
in the IPV 24 model and 1.09 (95% CI 1.02–1.16, p<0.01) in 
the IPV 30 model. It means that the risk of being included in 

the high IPV group is increased by 8% and 9% as the Hy scale 
score is increased by one, respectively. Lee et al.24 reported 
significantly higher Hy scores in living kidney transplant re-
cipients than in donors. The Hy scale scores were found to be 
positively correlated with laboratory findings, such as creati-
nine and C-reactive protein (CRP), in patients with chronic 
kidney disease, including those who underwent kidney trans-
plantation.25 High scores on the Hy scale reflect little insight 
into life problems, numerous somatic symptoms, denial, im-
maturity, and self-concentration.26 The Hy scale constitutes 
the neurotic triad, which is associated with excessive concen-
tration on physical health status, impaired attention, low self-
esteem, and pessimism.27 Taken together with these facts and 
our results, a higher Hy scale score during the pre-transplan-
tation period could be considered a predictive factor for high 
Tac IPV after living kidney transplantation. 

In the present study, the Pa scale scores of H-IPV 24 were 
significantly higher than L-IPV 24 groups (p<0.01). The OR 
was 1.10 (95% CI 1.03–1.17, p<0.01) in the IPV 24 model, im-
plying the risk of being high IPV group increased 10% by one 
increment of the score. High scores on the Pa scale indicate 
sensitivity to others’ opinions, suspiciousness, blaming oth-
ers, feeling mistreated, and hostility.26 In a previous report on 
patients with chronic kidney disease,25 the Pa scale was not 
only significantly correlated with the Hy scale but also with 
eGFR, serum nitrogen, and CRP. This was considered to lead 
to poor medication compliance and obstacles in communi-
cating and establishing a doctor-patient relationship. In a re-
cent cohort of patients with apparent treatment-resistant hy-
pertension, several psychological characteristics, including 
paranoid ideation, hostility, and blaming others, were signifi-
cantly correlated with drug resistance, and blaming others was 
an independent predictor of drug resistance.28 Considering the 
meaning of high Pa scale scores and its association with poor 
medical compliance in chronic diseases, a higher Pa scale score 
may be a predictor of high Tac IPV in living kidney transplants.

The mean D scale scores of this study were similar to those 
of a previous study in the same Korean population who had 
living kidney transplants (53.8±10.2 vs. 53.3±11.2).24 The risk 
of being included in the high IPV group was found to be de-
creased by 7% in the IPV 24 model (OR: 0.93; 95% CI 0.88–
0.98; p<0.01) and 8% in the IPV 30 model (OR: 0.92; 95% CI 
0.87–0.98; p<0.01) by one increment of the score. In the pre-
transplantation period, manifestations of psychological ex-
haustion due to physical illness, such as lack of will and fa-
tigue should be distinguished from symptoms of clinical 
depression.5 In the process of pre-transplantation evaluation 
of this study, recipients without clinical depression were con-
firmed to be eligible by psychiatrists in our hospitals. There-
fore, an increase in D scale scores of the present study cannot 
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Figure 5. eGFR at one year after kidney transplantation between 
low and high groups. The difference were examined by the inde-
pendent t- test. The eGFR at one year of H-IPV 30 was significant-
ly low compared to that of L-IPV 30 (mean±SD: 52.1±18.1, 61.8± 
14.9, respectively; df=48.4, p=0.01). There was no significant dif-
ference between L-IPV 24 and H-IPV 24 in the eGFR at one year 
(59.7±14.6, 58.0±18.1, respectively; df=98.2, p=0.61). IPV 24, cutoff 
24 of IPV value; IPV 30, cutoff 30 of IPV value; eGFR, estimated glo-
merular filtration rate; L-IPV, low intrapatient variability of tacrolimus; 
H-IPV, high intrapatient variability of tacrolimus; SD, standard devi-
ation.
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be considered as depression but as psychological characteris-
tics in chronic kidney disease patients presenting with stress.29

The worse renal function observed for the H-IPV 30 group 
compared with the L-IPV 30 group one year after transplan-
tation concurs with recent reports of Tac IPV greater than 
30% and kidney graft function.23,30,31 Two methods have been 
used to determine the cutoff value for Tac IPV in previous 
studies, and these include the median value of the study pop-
ulation and a value of 30.23,30,32,33 The IPV value of 30 aligned 
with the accepted definition of a highly variable area under 
the concentration-time curve and Cmax.21 Taken together, in-
terventions to predict and reduce Tac IPV are important for 
long-term graft survival. 

This study had several limitations. First, the sample size was 
relatively small because we recruited patients who completed 
the MMPI-2 during pre-transplant evaluation for living kid-
ney transportation at two hospitals. Second, no other psycho-
logical instruments were used in the assessment. Given the 
limited time in clinical settings to evaluate candidates for kid-
ney transplantation and the plentiful information available 
from the results of the MMPI-2, it could be a helpful tool with 
evidence in this population.13 Third, there was a lack of long-
term medical prognosis data for these patients. The observa-
tion period after transplantation was too short to achieve sta-
tistical significance. Fourth, the study findings should be 
interpreted with caution to the populations with different drug 
metabolism, health systems, and coverage for medications. 
Finally, other clinical outcomes, including rejections, de novo 
donor-specific antibodies, and chronic histologic lesions were 
not included. A long-term further study with these data might 
be more compelling. 

With the increasing need for living kidney transplantation 
and the paucity of psychological instruments to evaluate can-
didates and predict Tac IPV after transplantation, this study 
suggested the MMPI-2 profile as a predictor for high Tac IPV, 
which has been known as a marker for poor outcomes after 
living kidney transplantation. 
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