Hwang et al. BMC Nephrology ~ (2021) 22:405
https://doi.org/10.1186/512882-021-02622-5

BMC Nephrology

RESEARCH Open Access

Tacrolimus trough levels in kidney transplant

recipients

Check for
updates

Young Hui Hwang', Hyunjung Kim?', Kyungok Min? and Jaeseok Yang*

Abstract

patients > 5 years after kidney transplantation (KT).

TTL-mean, TTL-SD, and TTL-CV.

change significantly predicted the TTL-CV (p =.008).

attention.

Background: It is very important that kidney transplant recipients (KTRs) take immunosuppressive drugs to prevent
graft rejection. This study aimed to identify the tacrolimus trough levels (TTL)-mean, TTL-standard deviation (SD),
and TTL- coefficient of variation (CV) as well as factors affecting these values over a 2-year period in clinically stable

Methods: This retrospective study analyzed data from 248 adult outpatients > 5 years after KT. Medical chart data,
including TTL, graft rejection, and tacrolimus dose change during a 2-year period, between January 2017 and Decem-
ber 2018, were collected. Multivariable regression analyses were conducted to determine the factors influencing the

Results: The TTL-mean, TTL-SD, and TTL-CV were 6.00 4+ 1.07 ng/mL, 1.51 £1.09ng/mL, and 0.25 £ 0.14, respectively.
The TTL-mean, TTL-SD, and TTL-CV did not differ according to sex, type of donor, retransplant, pretransplant kidney
disease, body mass index, or posttransplant time; hence, they are stable in kidney transplant recipients > 5 years
after KT. The higher the TTL-mean, the higher the TTL-SD. Age and the TTL-SD significantly predicted the TTL-mean
(p<.001). Tacrolimus dose change and the TTL-mean significantly predicted the TTL-SD (p <.001). Tacrolimus dose

Conclusion: In clinically stable KTRs, TTL-SD and TTL-CV change sensitively in relation to tacrolimus dose changes.
Therefore, changes in TTL-SD and TTL-CV in stable KTRs with no tacrolimus dose change require medical interest and

Keywords: Coefficient of variation, Mean, Medication adherence, Standard deviation, Tacrolimus trough level

Introduction

Kidney transplantation (KT) is a treatment that can
improve the health status and quality of life of end-stage
renal disease patients [1, 2]. Kidney transplant recipients
(KTRs) should take immunosuppressive drugs for the
rest of their lives to prevent graft rejection [3]. Tacroli-
mus, an immunosuppressive drug, is commonly used as
a first-line regimen to prevent graft rejection after KT [4].
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The tacrolimus trough level (TTL) should be measured
whenever KTRs visit the hospital because the tacrolimus
dose should be adjusted based on the TTL and tacroli-
mus has a narrow therapeutic window and toxicity [3].
Previous studies on TTL have focused on the relevance
of graft rejection and TTL or the adequate TTL to pre-
vent graft rejection [5-7]. Interestingly, the TTL can also
be used as a method for monitoring adherence to tacroli-
mus [8]. Therefore, research is needed to understand how
TTL can be used to monitor adherence to tacrolimus.
There are various ways to monitor immunosuppres-
sive drug adherence including self-recording, count-
ing the number of prescribed immunosuppressive
drugs, electronic monitoring, and measurement of the
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immunosuppressive drug trough levels [9-11]. Self-
recording lacks objective credibility, and counting the
number of prescribed immunosuppressive drugs and
electronic monitoring involve both effort and cost [8]. If
a patient is taking tacrolimus as an immunosuppressive
drug, measurement of the TTL is an essential test that
KTRs undergo whenever they visit the outpatient depart-
ment [3]. Therefore, this may be a cost-effective objective
measure of adherence to tacrolimus because this does
not require extra effort and cost to implement.

The TTL is affected not only by the medication itself
but also by the patient’s characteristics including ethnic-
ity, age, sex, hepatic and renal dysfunction, and genetic
factors because the TTL is influenced by the absorp-
tion and metabolism of tacrolimus [4]. As the TTL is
determined individually for each patient depending on
the clinical course [12], the TTL can vary according by
patient. Thus, it is more reasonable to monitor changes in
the TTL than the TTL from one point in time for meas-
urement of adherence to tacrolimus [4, 8]. Furthermore,
the usage of mean, standard deviation, and coefficient of
variation of the TTL (TTL-mean, TTL-SD, and TTL-CV,
respectively) has been suggested as a means for monitor-
ing adherence to tacrolimus [8].

If the KTRs’ condition is stable, then the TTL is gen-
erally maintained at 3-5ng/mL for the first year after
KT [4]. However, there has been little research on how
TTL-mean, TTL-SD, or TTL-CV are maintained after
KT. Meanwhile, after KT, there is a high probability of
late rejection and graft loss as well as a gradual lowering
of drug adherence over time [13, 14]. One study showed
that patients in the late stages after KT (>5years) have
lower adherence than those in the early stages after KT
(<5years) [14]. Hence, the TTL-mean, TTL-SD, and
TTL-CV in KTRs >5years after transplantation should
be identified in order to use the TTL as a method for
monitoring adherence to tacrolimus.

At least two TTL values are required to calculate the
TTL-mean, TTL-SD, and TTL-CV [15]. After KT, the
number of outpatient visits decreases over time, and
KTRs who have passed 4 years after KT visit outpatient
clinics twice a year on average [16]. (Mann et al., 2020).
Thus, KTRs > 5years after KT are expected to have meas-
ured TTL at least twice over the 2-year period.

In this study, we identified the TTL-mean, TTL-SD, and
TTL-CV during a 2-year period and the factors affecting
them in KTRs >5years after KT. The specific objectives
were to investigate the TTL-mean, TTL-SD, and TTL-
CV during a 2-year period in KTRs >5years after KT;
identify the differences in the TTL-mean, TTL-SD, and
TTL-CV according to general and clinical characteristics
of participants (sex, type of donor, retransplant, pretrans-
plant kidney disease, body mass index (BMI)); determine
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the differences amongst the TTL-mean, TTL-SD, and
TTL-CV values based on tacrolimus dose change and
graft rejection; evaluate the correlations amongst age,
posttransplant period, TTL-mean, TTL-SD, and TTL-
CV; and reveal factors affecting the TTL-mean, TTL-SD,
and TTL-CV.

Methods

Research design

In this retrospective study, we used medical records
to investigate the TTL-mean, TTL-SD, TTL-CV, and
the factors affecting them over a 2-year period in KTRs
>5years after KT.

Participants

Participants included 248 patients amongst the 406
patients who underwent KT from 1 January 2010 to 31
December 2012, in one hospital; patients satisfied the fol-
lowing inclusion criteria during the 2-year period (Janu-
ary 1, 2017 to December 31, 2018): KTRs had undergone
KT more than 5years prior to enrolment (January 1, 2010
to December 31, 2012); were older than 18years; main-
tained on tacrolimus-based triple therapy with mycophe-
nolate mofetil and steroids; visited the outpatient
department at least twice; measured the TTL at least
twice. The exclusion criterion was having multiple organ
transplants (e.g., liver-kidney, kidney-pancreas).

Data collection

Data including sex, age, height, weight, transplantation
day, pretransplant kidney disease, type of donor (living or
deceased), retransplant, TTL, change of tacrolimus dose,
and graft rejection were collected from patient medical
records.

Data on age, height, weight, transplantation day, and
retransplant were collected from the medical records
of the last visit to an outpatient clinic in 2018. Data on
TTLs measured at the outpatient clinic during routine
visits from 1 January 2017 to 31 December 2018 were
collected. The TTL was measured every time a patient
visited for routine check-ups and immunosuppressant
prescriptions; each patient had more than six TTL meas-
urements. TTLs that were measured during hospitaliza-
tion were excluded in order to obtain TTLs of medically
stable patients [17]. Cases of graft rejection and tacroli-
mus dose change (both increase and decrease) during the
same period were also investigated.

The TTL-mean, TTL-SD, and TTL-CV of the partici-
pants were calculated. The CV was calculated by dividing
the SD by the mean [15]. BMI was calculated by dividing
body weight by the square of height.
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Data analysis

The collected data were analyzed using SPSS for Win-
dows version 25.0 (IBM Corp., Armonk, NY, USA).
The characteristics of the participants were analyzed by
descriptive statistics, and differences in the TTL-mean,
TTL-SD, and TTL-CV according to the characteris-
tics of the participants were analyzed by independent
t-tests, Mann—Whitney U tests, Kruskal-Wallis tests,
and analyses of variance. Correlations amongst age, post-
transplant time, TTL-mean, TTL-SD, and TTL-CV were
determined using Pearson’s correlation coefficient. A x*-
Test was used to evaluate graft rejection according to the
tacrolimus dose change. Multivariable regression analy-
sis was conducted to identify the factors influencing the
TTL-mean, TTL-SD, and TTL-CV. Categorical variables
were analyzed by converting them into dummy variables.
A p value of less than .05 was considered to be significant.

Results

General and clinical characteristics of participants

The general and clinical characteristics of the partici-
pants are presented in Table 1. The average number of
TTL measurements per patient was 11.75.
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Differences in TTL-mean, TTL-SD, and TTL-CV according

to participant characteristics

There were no statistically significant differences amongst
the TTL-mean, TTL-SD, and TTL-CV according to sex,
type of donor, retransplant, pretransplant kidney disease,
BM]I, and graft rejection. There was no difference in the
TTL-mean according to tacrolimus dose change. The
TTL-SD and TTL-CV in participants with tacrolimus
dose change were statistically significantly higher than
those in the participants without tacrolimus dose change
(both p<.001) (Table 2).

Correlations amongst age; posttransplant time;

and TTL-mean, TTL-SD, and TTL-CV

Age was positively correlated with the TTL-mean
(r=.13, p=.049). The TTL-mean was positively corre-
lated with the TTL-SD (r=.051, p<.001). Posttransplant
time did not correlate with the TTL-mean, TTL-SD, and
TTL-CV (Table 3).

Graft rejection according to tacrolimus dose change
There was no graft rejection according to tacrolimus dose
change (x*=1.43, p=.339) (Table 4).

Table 1 Demographic and clinical characteristics of participants (N =248)

Characteristics

Classification

n (%), mean =+ SD (min-max)

Sex Male 149 (60.1)
Female 99 (39.9)
Age (years) 53.68+12.18 (25-76)
Type of donor Deceased 120 (48.4)
Living 128 (51.6)
Retransplant Yes 22 (8.9)
Pretransplant kidney disease IgA nephropathy 42 (16.9)
DM ESRD 33(13.3)
Glomerular nephropathy 27 (10.9)
ADPKD 21(85)
Unknown 74 (29.8)
HT 17 (6.9)
Others 34(13.7)
BMI <185 26 (10.5)
18.5-249 162 (65.3)
>245 60 (24.2)
Posttransplant period (months) 90.71+£9.82 (75.0-110.0)
Tacrolimus dose change Yes 93 (37.5)
Rejection Yes 11 (44)
Tacrolimus trough level Mean 6.0041.07 (2.93-9.38)
SD 1.51+£1.09 (0.35-9.34)
[@% 0.25+0.14 (0.70-1.20)

Abbreviations: ADPKD Autosomal dominant polycystic kidney disease, BMI Body mass index, CV Coefficient of variation, DM ESRD Diabetes mellitus end-stage renal

disease, HT Hypertension, IgA Immunoglobulin A, SD Standard deviation
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Table 2 Tacrolimus trough level according to demographic and clinical characteristics (N = 248)

Characteristics Classification Tacrolimus trough level

Mean torF p SD torF p cv torF p

Sex Male 6.03£1.15 047 638 1444088 635" 0234011 633"
Female 597 +£0.93 162+£135 026+0.18

Type of donor Deceased 6054+100 063 530 148=£1.15 54170244016 a67t
Living 597 +£1.13 1.65+1.13 027 £0.15

Retransplant Yes 620£136 070 490 139+£1.20 17270214013 085"
No 5.99 £ 1.04 1594013 0.26 £0.16

Pretransplant kidney disease  IgA nephropathy 587£090 124 289 146=£089 369 0254014 070 689*
DM ESRD 6.34£1.24 172 +£091 027 £0.13
Glomerular nephropathy 569 + 1.16 138+ 1.05 0234+0.12
ADPKD 6.12 £0.89 146 +£0.93 023+£0.12
Unknown 597 £1.01 157 +£138 0254017
HT 593+1.25 119+ 042 0.20 £+ 0.05
Others 6.16 £+ 1.00 154+1.18 025+0.16

BMI <185 570+ 1.19 073% 1394093 3907 02340.12 153*
185-24.9 6.09 £ 1.03 148+ 1.00 024£0.13
>24.5 592+ 1.11 1.64 £ 137 027 +£0.17

Tacrolimus dose change Yes 6.00 4 1.06 797" 176 +£133 <0017 028+0.17 <0017
No 6.01 £1.07 1.36 £0.90 022 £0.12

Rejection Yes 564 £090 129" 1354061 971" 0234007 5571
No 6.02 £ 1.07 1.52£1.11 024 £0.15

T Mann-Whitney U test; *Kruskal-Wallis test

Abbreviations: ADPKD Autosomal dominant polycystic kidney disease; BMI Body mass index, CV Coefficient of variation, DM ESRD Diabetes mellitus end-stage renal
disease, HT Hypertension, IgA Immunoglobulin A, SD Standard deviation

Table 3 Correlations amongst age, posttransplant time, and the mean, standard deviation, and coefficient of variation of the
tacrolimus trough level (N =248)

Variables Age Transplantation period TTL-mean TTL-SD TTL-CV
r(p)

Age 1 04 (491) 13 (.049) —.02(.830) —.06 (348)

Posttransplant time 1 —.04 (498) —.04(548) —.02(728)

TTL-mean 051 (<.001) .29 (<.001)

TTL-SD 1 .96 (<.001)

Abbreviations: CV Coefficient of variation, SD Standard deviation, TTL Tacrolimus trough level

Table 4 Graft rejection according to tacrolimus dose change

Factors influencing the TTL-mean, TTL-SD, and TTL-CV

Multivariable regression analyses were conducted to

and TTL-CV.
The factors influencing the TTL-mean were age
(=0.13, p=.031) and the TTL-SD (5=8.87, p<.001).

(N=248)
Variable Tacrolimus dose change Total )(2 (p)
Yes No
n (%)
Graft rejection
Yes 6 (54.5) 5(45.5) 11 (4.4) 143 (339)
No 87 (36.7) 150 (63.3) 237 (95.6)
Total 93 (37.5) 155 (62.5) 248 (100)

determine factors influencing the TTL-mean, TTL-SD,

The model had an explanatory power of 27.7%, which
was significant (F=27.86, p< .001). As a result of
reviewing the basic assumptions for multivariable

regression analysis, the Durbin—Watson value was 1.76,
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which was independent of the residuals without auto-
correlation. The variance inflation factor value was 1.0,
indicating no multicollinearity.

The multivariable regression model that included tac-
rolimus dose change and the TTL-mean significantly
predicted the TTL-SD (F=29.26, p<.001). The variance
inflation factor values were 1.0, with no multicollinearity.
The Durbin—Watson value was sufficient to satisfy inde-
pendence. Tacrolimus dose change (8=—0.18, p=.002)
and the TTL-mean (=0.51, p<.001) strongly affected
the TTL-SD.

Tacrolimus dose change affected the TTL-CV
(=-0.21, p=.002). The multivariable regression model
had an explanatory power of 4.4%, which was significant
(F=5.00, p=.008). The Durbin—Watson value was 1.71,
which was independent of the residuals without autocor-
relation, and the variance inflation factor value was 1.0
with no multicollinearity (Table 5).

Discussion

This study identified the TTL-mean, TTL-SD, and TTL-
CV and evaluated the factors affecting them in 248 KTRs
over 2-year period >5years after KT.

The TTL-mean in this study was 6.0ng/mL. According
to clinical guidelines for KT, the optimal TTL after 1year
after KT is 4—8ng/mL [3, 18], suggesting that the partici-
pants’ TTLs met clinical guidelines for KT [3].

In this study, the TTL-mean did not depend on the
general and clinical characteristics such as sex, type of
donor, retransplant, pretransplant kidney disease, or
BMI. Also, the TTL-mean did not differ according to
posttransplant time. The TTL can be affected by vari-
ous factors such as medication, the patient’s charac-
teristics including hepatic and renal dysfunction, and
clinical course [4, 12]. The TTL within 1year after KT
is not maintained at the same level because it can have
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a significant impact on graft function maintenance or
transplant rejection [3, 7, 19]. However, if a KTR’s con-
dition becomes stable after 1year after KT, the TTL is
generally unchanged [3]. The participants of this study
were KTRs >5years after KT who visited outpatient
clinic and were clinically stable. Also, the general char-
acteristics may not be associated with TTL if thera-
peutic drug monitoring was effectively achieved [18].
Therefore, our result shows that even though the TTL
is affected by the patient’s general and clinical charac-
teristics including clinical course [4, 12], the TTL-mean
in medically stable KTRs is not influenced by the gen-
eral and clinical characteristics.

Regarding differences in the TTL-SD and the TTL-CV
of participants, according to participants’ general and
clinical characteristics, there was no differences in the
study. Tacrolimus has a very narrow range of therapeu-
tic blood levels because it increases the risk of infection
if taken more than necessary and can result in transplant
rejection if taken less than necessary [7]. Thus, the TTL
would have been finely adjusted to maintain the thera-
peutic blood levels. In this study, there was no difference
in the TTL-SD and TTL-CV depending on graft rejec-
tion. The average TTL-SD of participants who experience
graft rejection was 1.35, which is lower than the TTL-
SD cut-off score (2.5) for evaluating graft rejection [20].
Similarly, the average TTL-CV of participants who expe-
rience graft rejection was 0.23, which is lower than the
TTL-CV cut-off score (0.53) for evaluating graft rejection
[8]. There were not many changes in the average TTL-SD
and TTL-SD over the 2-year period in the clinically stable
KTRs >5years after KT. Accordingly, it can be surmised
that there is no difference in the TTL-SD and the TTL-
CV over a 2-year period according to the participants’
general and clinical characteristics if the KTRs is medi-
cally stable.

Table 5 Factors influencing mean, standard deviation, and coefficient of variation of tacrolimus trough level (N=248)

Dependent variable Predictors B B t P R? F p
TTL-mean Constant 458 16.63 <.001 2277 27.86 <.001
Age 0.01 0.13 217 031
TTL-SD 0.50 0.52 8.87 <.001
Tacrolimus dose change (Yes=0) 022 0.10 1.67 097
TTL-SD Constant —1.15 =272 .007 287 29.26 <.001
Age —0.01 —0.06 —1.03 303
TTL-mean 0.52 0.51 8.87 <.001
Tacrolimus dose change (Yes =0) —041 —-0.18 —3.10 002
TTL-CV Constant 0.31 7.63 .000 044 5.00 .008
Age 0.00 —0.04 —057 569
Tacrolimus dose change (Yes=0) —0.06 —0.21 —3.10 002

Abbreviations: CV Coefficient of variation, SD Standard deviation, TTL Tacrolimus trough level
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This study found that the factors affecting the TTL-
mean were age and the TTL-SD. Age among the partici-
pant’s general characteristics was positively correlated
with the TTL-mean, and it also influenced the TTL-
mean but not the TTL-SD or the TTL-CV. The TTL-
mean could be higher in old recipients than in young
recipients even though they take the same dose of tac-
rolimus; because old recipients have lower tacrolimus
clearance rates than young recipients [21, 22]. As such,
age may affect the TTL-mean but not to the extent that it
affects the TTL-SD and the TTL-CV.

The TTL-SD influenced the TTL-mean; the greater the
TTL-SD, the higher the TTL-mean. Patients with lower
immunosuppressant adherence may have a higher mean
and SD immunosuppressant trough level because they
take more than the prescribed dose before undergoing
blood test for TTL measurement to make up for missing
doses [8]. However, it is difficult to conclude in this study
that the TTL-SD affects the TTL-mean because of non-
adherence to tacrolimus as the participants’ adherence
to tacrolimus was not measured in this study. Therefore,
further research is necessary to identify the relation-
ships amongst the TTL-mean, TTL-SD, and adherence to
tacrolimus.

Factors affecting the TTL-SD were the TTL-mean and
tacrolimus dose change. The TTL-mean was the main
factor affecting the TTL-SD; the higher the TTL-mean,
the greater the TTL-SD. This characteristic may appear
in KTRs with low adherence to tacrolimus [8], as noted
above, or may have other causes, which may require fur-
ther research.

As tacrolimus dose change affects the TTL [23], tac-
rolimus dose change would influence the TTL-SD. In
this study, 37.5% of the patients underwent tacrolimus
dose changes. If the TTL is not maintained within the
therapeutic range or if health problems such as infection
or cancer occur, the immunosuppressant dose may be
changed temporarily or permanently [3, 23]. In this study,
not all tacrolimus dose change reasons were recorded in
the medical records, therefore, the reasons for the tac-
rolimus dose changes were not investigated. However,
it could be supposed that the reasons for the tacrolimus
dose changes were not serious health problems as the
participants were outpatients assumed to be medically
stable and not recording may also indicate that the rea-
sons were not serious. Tacrolimus is a highly toxic drug
[24]; thus, if the patient is medically stable, the tacroli-
mus dose change may have been limited within the thera-
peutic blood range. Nevertheless, the tacrolimus dose
change affected the TTL-SD suggesting that the TTL-SD
is an indicator that responds sensitively to change in the
dosage of tacrolimus. The only factor affecting the TTL-
CV was the tacrolimus dose change. As the TTL-CV is
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calculated using the TTL-mean and TTL-SD [15], tac-
rolimus dose change, which affected the TTL-SD, would
influence the TTL-CV. As the participants were clinically
stable KTRs, there were not many changes in TTL-CV.
The TTL-CV is also an indicator that responds sensi-
tively to tacrolimus dose change.

Therefore, if there is change in TTL-SD and TTL-CV
in KTRs with no change in tacrolimus dose and medical
stability, it is necessary to identify what causes the change
in TTL-SD and TTL-CV. It is predicted that various fac-
tors such as non-adherence, time of tacrolimus admin-
istration, and interaction of food and other drugs might
have an effect [4, 8, 25], and active intervention will be
required if non-adherence is the cause. In addition, stud-
ies have been shown that indicators related to tacroli-
mus trough level such as intra-patient tacrolimus level
variability and TTL-CV are associated with graft survival
or non-adherence [8, 25]. Development of a computer
program in which variables figures such as TTL-mean,
TTL-SD, and TTL-CV are calculated automatically using
tacrolimus trough level will help health professionals eas-
ily identify and evaluate TTL-mean, TTL-SD, and TTL-
CV of KTRs.

This study has a few limitations. First, the participants
were KTRs from a single university hospital. Ethnicity
can influence TTL [4], however, all of participants are
Korean. There is a possibility of selection bias because
the study targeted patients who maintained kidney func-
tion for more than 5years. Therefore, generalization of
the study’s finding is difficult, and a future study using a
representative sample should be conducted. Second, the
study did not identify the association of the TTL-mean,
TTL-SD, and TTL-CV with adherence to tacrolimus.
Further studies are needed to evaluate this association
and to determine whether the TTL-mean, TTL-SD, and
TTL-CV can be used as variables to measure adherence
to tacrolimus. Third, the effects of dose and change of
dose of mycophenolate mofetil and steroid on graft rejec-
tion were not considered. In the future, studies should
be conducted considering the effects of tacrolimus, and
other immunosuppressive medications on graft rejec-
tion. Nevertheless, our findings identified the TTL-mean,
TTL-SD, and TTL-CV, and the factors affecting them
over a 2-year period in KTRs >5years after KT. Our
results could be used to develop methods to monitor
adherence to tacrolimus using the TTL-mean, TTL-SD,
and TTL-CV in KTRs.

Conclusions

This study identified the TTL-mean, TTL-SD, and TTL-
CV and the factors affecting them over a 2-year period
in KTRs >5years after KT. The TTL-mean, TTL-SD,
and TTL-CV did not differ according to sex, type of
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donor, retransplant, pretransplant kidney disease, BMI,
or posttransplant time; hence, they are stable in KTRs
>5years after KT. The higher the TTL-mean, the higher
the TTL-SD. Age and the TTL-SD affected the TTL-
mean. Tacrolimus dose change predicted TTL-SD and
TTL-CV. The TTL-SD and TTL-CV are sensitive to tac-
rolimus dose change. Thus, if there is change in TTL-
SD and TTL-CV in KTRs with no change in tacrolimus
dose and medical stability, the causes must be identi-
fied. Health professionals need monitor to whether
KTRs are taking tacrolimus properly if there are KTRs
with high TTL-mean and TTL-SD. Future studies are
necessary to identify the association of the TTL-mean,
TTL-SD, TTL-SV and adherence to tacrolimus.

Abbreviations
TTL: Tacrolimus trough level; TKR: Kidney transplant recipients; SD: Standard
deviation; CV: Coefficient of variation.
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