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Abstract

Background: Calcineurin inhibitors and mammalian target of rapamycin (mTOR) inhibitors are essential for maintaining
transplanted organs. However, determining the appropriate dosage and predicting blood concentrations of these drugs based
solely on net body weight may be inadequate. Previous studies have presented contradictory results regarding the impact of
obesity on drug concentrations and transplant success.

Objectives: This study aims to evaluate various weight indices to identify the most reliable indicator of weight that correlates
with the blood levels of drugs used in organ transplantation.

Methods: This retrospective descriptive study included patients from nephrology clinics affiliated with Isfahan University of
Medical Sciences who were taking calcineurin and/or mTOR inhibitor drugs. Data extracted from medical records included
demographic and clinical information, such as height, weight, and various weight indices (total/ideal/adjusted body weight,
lean body mass (LBM), Body Mass Index, and predicted normal weight), as well as blood levels of immunosuppressive drugs at
each patient's visit. The dosages of each drug (mg/kg) were analyzed to determine which weight indices best correlated with the
obtained blood concentrations, using the Generalized Estimating Equation (GEE) model with logistic regression, an
independent correlation matrix, and a binary distribution for data analysis.

Results: The study analyzed the medical records of 71 patients. Trough (C0) concentrations of drugs were evaluated in relation
to each weight index, and odds ratios (OR) were calculated for statistical comparison. All weight indices increased the likelihood
of achieving appropriate concentrations for cyclosporine, tacrolimus, and sirolimus. Drug dosing based on LBM (OR: 1.028),
ideal body weight (OR: 1.075), and total body weight (OR: 1.041) showed the strongest correlations with achieving proper blood
levels for cyclosporine, tacrolimus, and sirolimus, respectively.

Conclusions: Integrating various weight indices for calculating individualized doses (mg/kg) of each immunosuppressive drug
increases the likelihood of achieving appropriate blood concentrations. However, the optimal weight index varies for each drug.
Further studies, particularly those incorporating therapeutic drug monitoring (TDM) plans in transplant centers, are warranted
to validate and generalize these findings, providing a potential avenue for improving immunosuppressive therapy and
enhancing transplant outcomes.
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1. Background

Renal transplantation is a life-saving strategy for
patients suffering from end-stage renal disease (ESRD)
(1). The success of a renal transplant plays a critical role
in restoring kidney function, improving the quality of

life, prolonging graft survival, reducing complications
associated with dialysis, enhancing survival rates, and
providing a cost-effective long-term treatment option (2,
3). Immunosuppressive drugs are essential for ensuring
the success of a renal transplant. By suppressing the
immune response, these drugs reduce the risk of organ
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rejection and promote long-term graft survival (4-6).
Immunosuppressive regimens typically consist of a
combination of drugs, including calcineurin inhibitors
(such as cyclosporine or tacrolimus), antimetabolites
(such as mycophenolate mofetil or azathioprine),
mammalian target of rapamycin (mTOR) inhibitors
(such as sirolimus), and corticosteroids. While these
drugs effectively suppress the immune system, they can
also have various effects on the body, including
metabolic alterations (7, 8).

In addition to the challenges of renal
transplantation, obesity presents special considerations
that require attention (9). Obesity has become a
significant health concern worldwide, with its
prevalence steadily increasing over the past decades (10,
11). In the context of kidney transplantation, obesity
poses unique challenges that warrant careful
consideration. Obesity is associated with an increased
risk of developing ESRD, the primary indication for
kidney transplantation. Obese individuals are more
likely to develop conditions such as diabetes,
hypertension, and chronic kidney disease, which can
ultimately progress to ESRD (11, 12). As a result, the
prevalence of obesity among renal transplant
candidates is rising, highlighting the need to
understand its impact on transplantation outcomes and
immunosuppressive therapy (13).

It is well-established that weight indices, such as
Body Mass Index (BMI), body weight, and body
composition, can  significantly impact drug
pharmacokinetics and pharmacodynamics (14). Adipose
tissue, a major component of body weight, has
metabolic activity and can act as a reservoir for
lipophilic drugs, altering their distribution and leading
to changes in drug concentrations in the blood.
Furthermore, obesity is often associated with alterations
in drug-metabolizing enzymes and transporters, which
can affect drug metabolism and elimination (15, 16).
Achieving optimal immunosuppression is crucial in
renal transplantation to prevent rejection of the
transplanted organ. Immunosuppressive drugs are vital
components of post-transplantation care, and their
dosages need to be carefully adjusted to maintain a
delicate balance between preventing rejection and
minimizing drug-related adverse effects. Understanding
the relationship between weight indices and blood
levels of immunosuppressive drugs is essential for
tailoring individualized treatment regimens and

optimizing immunosuppression in renal transplant
patients (17,18).

2. Objectives

In this study, we aim to investigate the relationship
between weight indices and blood levels of
immunosuppressive drugs in renal transplant patients.
By exploring this relationship, we hope to contribute to
the existing body of knowledge and provide valuable
insights for optimizing immunosuppressive therapy in
this patient population.

3. Methods

3.1. Study Design

This research was a retrospective observational study
designed to explore the intricate relationship between
various weight indices and the blood Ilevels of
immunosuppressive drugs in renal transplant patients.
The study aimed to elucidate the impact of different
weight indices on the concentrations of these critical
drugs, with the goal of optimizing therapeutic drug
monitoring strategies and improving treatment
outcomes. The data used in this investigation were
obtained from three private nephrology clinics
specializing in the care of primary kidney transplant
recipients. The data collection period spanned one year,
from September 2019 to September 2020, to encompass
a substantial sample size and capture longitudinal
variations in drug concentrations.

3.2. Participants

The selection of participants for this study followed
stringent inclusion and exclusion criteria to ensure the
relevance and integrity of the research findings. Renal
transplant patients meeting the following inclusion
criteria were considered eligible for the study: (1) age 18
years or older; (2) having undergone a primary kidney
transplant with at least six months elapsed since the
transplantation procedure; (3) demonstrating a serum
creatinine concentration below 2 mg/dL; (4) displaying
serum creatinine changes within the past month of less
than 30%; (5) receiving treatment with either
calcineurin inhibitors (such as cyclosporine or
tacrolimus) or sirolimus; and (6) attending a minimum
of three outpatient visits for follow-up care.
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Conversely, individuals with a history of acute kidney
injury, as defined by the kidney disease: Improving
global outcomes (KDIGO) criteria (8), during the month
prior to the study initiation were excluded from the
study population. Additionally, patients with a history
of treatment for acute graft rejection or infection in the
month leading up to the commencement of the study
were also excluded.

3.3. Data Collection

For comprehensive data collection, baseline
demographic and clinical characteristics were
meticulously recorded for all study participants. The
essential demographic information collected included
age, gender, and weight indices. Additionally, detailed
information regarding the immunosuppressive drug
regimen was gathered for each participant. This
included data on the dosage, brand, or formulation of
the prescribed calcineurin inhibitors (e.g., cyclosporine,
tacrolimus) and sirolimus.

Specific weight measurements were used to assess
the relationship between weight indices and drug
concentrations. The optimal target therapeutic levels for
trough concentration (C0) were defined as follows:
Cyclosporine 75 - 150 ng/mlL, tacrolimus 5 - 10 ng/mL, and
sirolimus 5 - 15 ng/mL (19, 20). The weight indices
considered in this study included total body weight
(TBW), BMI, ideal body weight (IBW), adjusted body
weight (AjBW), lean body mass (LBM), and predicted
normal weight (PNWT). To calculate these indices,
precise formulas based on weight, height, and gender
were applied, ensuring accurate and standardized
measurements across the study cohort. Table 1 presents
the equations used to determine the weight indices in
the study (21).

3.4. Statistical Analysis

In this study, the data obtained from the participants
were subjected to thorough statistical analysis to
explore the relationship between weight indices and
blood levels of immunosuppressive drugs. Descriptive
statistics employed to summarize the
demographic, clinical, and laboratory characteristics of
the study cohort. These characteristics included various
variables, such as weight indices, drug dosages, specific
drug brands, trough concentration (C0) levels of

were
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immunosuppressive drugs, and serum creatinine

concentrations.

The statistical software statistical package for the
social sciences (SPSS) version 16.0 (developed by IBM in
Chicago, Illinois, United States) was used for the data
analysis. To explore the association between weight
indices and the likelihood of achieving appropriate
drug concentrations, the generalized estimating
equations (GEE) model was employed. This statistical
model is particularly suitable for analyzing data from
repeated measures, which is common in longitudinal
studies or when multiple measurements are taken from
the same individual over time. The GEE model effectively
accounted for repeated measures over time, ensuring
robust and valid results.

The GEE model utilized a logit link function and an
independent correlation matrix, with a binary
distribution applied to examine the relationship
between weight indices and drug concentrations. The
odds ratio (OR) of achieving appropriate drug
concentrations was calculated for each weight index. An
odds ratio greater than 1 indicated a higher chance of
attaining appropriate drug concentrations, whereas an
odds ratio less than 1 suggested a lower likelihood.

Statistical significance was determined using the P-
value, with a threshold set at P < 0.05.

3.5. Ethical Considerations

This study was conducted following the approval of
the research ethics committee of Isfahan University of
Medical Sciences (ethics code: IRMULMED.REC.1398.213).
Before participation, all subjects were fully informed
about the study's objectives and methods, and written
informed consent was obtained from each participant.
To ensure confidentiality, all recorded information from
patients' files was kept under the strict supervision and
responsibility of the study administrators.

4.Results

A total of 71 renal transplant patients were included
in the study, with a mean age of 52.66 years. The
majority of participants were male (70.42%). Based on
BMI classifications, the distribution of the patients was
as follows: 7 patients (9.86%) were underweight (BMI <
18.5), 36 patients (50.70%) had normal weight (BMI 18.5 -
24.9), 8 patients (11.26%) were overweight (BMI 25 - 29.9),
and 20 patients (28.17%) were obese (BMI>30). The
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Table 1. Equations for Weight Indices Calculation

Weight Indices Equation
TBW Patient's actual weight measured in kilograms (kg)
BMI TBW/Ht* (kg/m?)
IBW
Male 50+ [0.9 x (Ht (cm)-154)]
Female 45.5+[0.9 x (Ht (cm)-154)]
LBM
Male [0.407 x TBW + 0.267 x Ht (cm)] -19.2
Females [0.252 x TBW + 0.473 x Ht (cm)] - 48.3
AjBW IBW + 0.4 [(TBW - IBW)]
PNWT
Male [(1.57 x TBW) - (0.0183 x BMI x TBW)] -10.5
Female [(1.75 x TBW) - (0.0242 x BMI x TBW)] - 12.6

Abbreviations: TBW, total body weight; BMI, Body Mass Index; IBW, ideal body weight; LBM, lean body mass; AjBW, adjusted body weight; PNWT, predicted normal weight; Ht,
height; kg, kilogram; m, meter; m?, square meter; cm, centimeters.

Table 2. Baseline Characteristics of Study Participants

Characteristics Mean + SD (Range)
Age (y) 52.66 £11.78 (27- 85)
Weight (kg) 68.11+18.91(33-91)
Height (m) 1.68 +0.11(1.41-1.87)
Drug Name Daily Dose (mg) Serum Concentration (ng/mL)

Cyclosporine (n=53)

221+ 88.53(50-450)

148 +75.46 (35 - 556)

Tacrolimus (n=19)

3.77£0.9(15-5)

9+230(3.4-23)

Sirolimus (n=16)

179+0.79 (1-3)

8.75+2.44(4.1-115)

Abbreviations: BMI, Body Mass Index; kg, kilogram; m, meter; mz, square meter; SD, standard deviation.

baseline characteristics of the participants are
summarized in Table 2.

In Table 3, the distribution of patients based on drug
concentration levels for cyclosporine, tacrolimus, and
sirolimus is presented. The table shows the percentage
of patients with therapeutic, under-therapeutic, and
over-therapeutic levels for each drug.

Table 4 presents the average anthropometric
indicators, along with the average values at appropriate
and inappropriate drug concentration levels for each
drug separately. Statistical significance was assessed
using the P-value, with values lower than 0.05 indicating
significant differences in the means.

For cyclosporine, significant differences were
observed in all weight indices between patients with
appropriate drug concentrations and those with
inappropriate concentrations. Patients with appropriate
concentrations had lower average weight indices. In

contrast, for tacrolimus, only the IBW showed a
statistically significant difference between patients with
appropriate and inappropriate drug concentrations
(50.87 kg vs. 56.21 kg, P = 0.002). Other weight indices
did not exhibit significant differences between the two
groups.

Similarly, for sirolimus, significant differences were
observed in IBW (61.69 kg vs. 70.46 kg, P = 0.013) and
AjBW (49.25 kg vs. 54.58 kg, P = 0.088) between patients
with  appropriate  and  inappropriate  drug
concentrations. However, other weight indices did not
show statistically significant differences between the
two groups.

The GEE model was used to analyze the relationship
between weight indices and drug concentrations. This
study examined the odds ratio of achieving appropriate
versus inappropriate drug concentrations for each
weight indicator in the study population. The results
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Table 3. Distribution of Patients Based on Drug Concentration Levels

Drug Name Therapeutic Level (ng/mL) Patients with Therapeutic Levels Patients with Under Therapeutic Levels Patients with Over Therapeutic Levels
Cyclosporine 75-150 16% 62% 22%
Tacrolimus 5-10 1% 35% 64%
Sirolimus 5-15 41% 36% 23%
Table 4. Average Anthropometric Indicators and Drug Concentration Levels
Weight Indices
Drug Name
TBW BMI IBW LBM AjBW PNWT
Cyclosporine 64.81 1911.)90 (- 2264 ?52‘-282)(13.73 © 64.44+9.87(39.75-807) 5221£823(30.5-6312) 040% 17‘;-_2‘21)(44-53 - 63.97 171;.2)(33.02 -
Mean (approp) ? 63.51 22.48 63.43 51.26 63.46 62.62
bMean (inapprop) 66.92 22.90 66.08 53.75 66.41 66.17
P-value <0.001 0.012 <0.001 <0.001 <0.001 <0.001
Tacrolimus 59.83+10.87(37- 24.10 £ 4.27(16.01- 54.47+6.13 (42.42- 46.86 * 6.41(33.11- 56.61+6.78 (44.53 - 56.34+9.14 (36.75 -
77) 63.65) 67.34) 58.60) 70.80) 73.09)
Mean (approp) 58.69 25.03 50.87 44.99 54.00 53.69
Mean (inapprop) 60.40 23.67 56.21 47.77 57.88 57.64
P-value 0.623 0.387 0.002 0.149 0.045 0.148
sirolimus 56.53+8.85(46- 23.82+5.98 (16.76 - 66.61£10.90 (42.42- 52.24+9.89 (39.32- 65.20 +7.83 (48.52 - 62.98 +12.59 (46.60 -
80) 36.60) 84.90) 62.75) 74.54) 78.45)
Mean (approp) 53.89 23.45 61.69 49.25 61.04 56.03
Mean (inapprop) 58.06 2411 70.46 54.58 68.46 64.06
P-value 0.144 0.722 0.013 0.088 0.032 0.08

Abbreviations: SD, standard deviation; TBW, total body weight; BMI, Body Mass Index; IBW, ideal body weight; LBM, lean body mass; AjBW, adjusted body weight; PNWT, predicted

normal weight.
2 Concentration within the therapeutic target level.

b Concentration out of the therapeutic target level.

indicated that using each weight index could effectively
increase the chance of attaining appropriate drug
concentrations, with variations observed for different
drugs, as depicted in the following tables.

As shown in Table 5, except for TBW, all other weight
indicators increased the odds of achieving appropriate
drug concentrations for cyclosporine, with LBM
exhibiting the best performance. Similarly, for
tacrolimus, all the weight indicators showed a
significant increase in the odds of achieving
appropriate  drug concentrations, with IBW
demonstrating the highest efficacy. For sirolimus, all the
weight indicators significantly increased the odds of
proper drug concentrations, with TBW yielding the best
results. Notably, due to the separation of results for each
medication, the P-values for these differences across the
three drugs did not reach the level of statistical
significance.
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5. Discussion

This study investigated the relationship between
different weight indices and plasma concentrations of
immunosuppressive drugs in renal transplant patients.
Our analysis revealed distinct patterns of association
between weight indices and drug concentrations for
different immunosuppressive agents. The GEE model
showed that all weight indices increased the likelihood
of achieving appropriate drug concentrations for
cyclosporine, tacrolimus, and sirolimus, with lean body
weight (LBW), IBW, and TBW demonstrating the best
performance for each drug, respectively.

The increasing number of medical and paramedical
specialties has led to more health professionals
participating in the clinical care of specific patients,
particularly transplant recipients. Recent studies have
emphasized the constructive role of pharmacists as
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Table 5. Analytical Table of Results for Cyclosporine, Tacrolimus, and Sirolimus

Weight Indices
Drug Name
TBW BMI IBW LBM AjBW PNWT
Cyclosporine
0dds ratio .013 1.009 1.027 1.028 1.023 1.020
Confidence interval 0.987-1.040 0.929-1.096 0.992-1.063 0.989-1.069 0.990-1057 0.992-1.048
P-value 0.317 0.836 0.128 0.164 0.168 0.163
Tacrolimus
0dds ratio 1.003 1.001 1.075 1.027 1.012 1.019
Confidence interval 0.992-1.013 0.976-1.025 0.989-1.169 0.979-1.079 0.986-1.038 0.985-1.054
P-value 0.631 0.958 0.089 0.276 0.362 0.275
Sirolimus
0Odds Ratio 1.041 1.001 1.028 1.023 1.024 1.018
Confidence interval 0.942-1.152 0.850-1.179 0.944-1.120 0.922-1.134 0.936-1.120 0.941-1.102
P-value 0.429 0.992 0.523 0.667 0.609 0.652

Abbreviations: TBW, total body weight; BMI, Body Mass Index; IBW, ideal body weight; LBM, lean body mass; AjBW, adjusted body weight; PNWT, predicted normal weight.

members of the treatment team in hospital transplant
departments (22-24).

In the last decade, the number of
immunosuppressive drugs and other medications used
in transplantation has increased significantly, leading to
more complex drug regimens, potential interactions,
complications, and higher costs (25). Several studies
have reported the association of obesity with a wide
range of posttransplant complications, including
reduced graft survival, kidney complications, delayed
organ function, and reduced patient survival (9, 25).

The study by Singh et al. shows that obesity has an
insignificant effect on post-transplant results. This study
found that obesity was not associated with major short-
and long-term post-transplantation complications,
aside from minor post-transplantation complications
and an increased hospital stay. The results of this
retrospective study indicated that obesity primarily
increases complications related to surgery and the
duration of hospitalization. Although there was a trend
toward delayed organ function, acute kidney injury, and
increased serum creatinine in obese subjects, these
differences were not statistically significant (26).

It has been suggested that obesity can affect the
achievement of optimal therapeutic concentrations of
immunosuppressive drugs. In a retrospective study,
Hortal et al. examined the relationship between obesity
and cyclosporine concentration in 28 patients, 14 of
whom were obese. They measured CO and C2
concentrations and found that CO was similar in both

obese and non-obese groups. This study highlights the
significant impact of patient weight on cyclosporine
bioavailability, half-life, and clearance, suggesting that a
patient's IBW should primarily be used to adjust
cyclosporine  dosage. The study provides a
comprehensive understanding of how biophysical
factors, such as patient weight, are critical in transplant
scenarios, particularly regarding treatment measures
like cyclosporine dosage (27).

Another study aimed to investigate the impact of
obesity and overweight on cyclosporine blood levels in
patients. A total of 27 patients were included in the
survey, with 778 visits being evaluated. The patients were
categorized into different groups based on their BMI
percentiles. Clinical and laboratory parameters,
including serum creatinine levels, glomerular filtration
rate (GFR), and proteinuria, were measured and
compared between the groups. The findings of this
study suggest that weight gain, particularly obesity and
overweight, is associated with poorer renal function but
not necessarily with more significant proteinuria.
Additionally, smaller cyclosporine doses were found to
be adequate in maintaining blood levels comparable to
those in lean patients. The elevated serum creatinine
levels and reduced GFR during periods of obesity and/or
overweight suggest impaired renal function in these
individuals. This may be attributed to the underlying
mechanisms of obesity, such as inflaimmation and
oxidative stress, which can negatively affect renal
function (28).
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Similarly, researchers evaluated the influence of body
weight on the pharmacokinetics of cyclosporine in
adult uremic candidates for renal transplantation (29).
A total of 45 patients underwent detailed nutritional
assessment and pharmacokinetic analysis. When
normalized by IBW, body surface area, or as absolute
values, pharmacokinetic analyses revealed no
significant differences in the bioavailability, elimination
half-life, clearance, or apparent steady-state volume of
distribution of cyclosporine between obese and non-
obese patients. However, when dosed according to TBW,
obese recipients had higher mean serum cyclosporine
trough levels compared to non-obese recipients on day
seven after transplantation. Therefore, to achieve
comparable drug concentrations during the early
transplant period, cyclosporine dosing should be based
on IBW for obese patients.

Han et al. investigated the relationship between
tacrolimus concentrations and body composition
markers in kidney recipients. The baseline
characteristics of the 18 patients recruited from Seoul
National University Hospital were described. The study
found differences in tacrolimus concentrations between
the high and low-fat mass groups at 0 and 4 hours.
Additionally, lean mass analysis revealed differences in
tacrolimus concentrations. These findings indicate a
potential association between body composition
markers and tacrolimus concentrations in kidney
recipients, which may have implications for optimizing
tacrolimus dosing in this population. However, further
research and intervention studies are needed to confirm
the significance of these correlations (30).

Researchers used routine monitoring results to
develop a predictive model for the area under the
concentration versus time curve (AUC) of cyclosporine
in renal transplant patients (31). They concluded that
obesity affects the pharmacokinetics of cyclosporine
after kidney transplantation; therefore, dose
adjustment in obese patients should not be based on a
linear relationship between daily dose and AUC versus
time.

A study on pediatric renal transplant patients
investigated the pharmacokinetics of cyclosporine and
found that body weight was one of the factors
influencing the apparent central volume of distribution
of cyclosporine. This suggests that weight indices may
impact the blood levels of cyclosporine in these patients
(32).
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Contrary to previous studies, a study aimed to
investigate the outcomes of renal transplantation in
obese recipients compared to non-obese recipients. The
study population included 127 obese patients (BMI > 30
kg/m?) and a matched non-obese control group of 127
recipients. The follow-up period was 58.9 + 40 months.
Non-obese patients had significantly greater survival
rates (89% vs. 67% in obese patients) at five years and
experienced fewer deaths during the follow-up period.
Cardiac disease was the leading cause of death in the
obese group. There were no significant differences
between the groups in terms of graft function or
rejection rates. However, obese patients had more
complications per patient and a higher incidence of
post-transplant  diabetes. Despite receiving less
cyclosporine, obese recipients showed similar blood
levels. The study concludes that obesity primarily
impacts patient mortality due to cardiac events, and
careful pretransplant screening for ischemic heart
disease is essential for high-risk obese patients. Weight
reduction before transplantation is recommended for
all patients, especially those with a history of cardiac
disease (33).

A review by Jindal and Zawada mentioned that
obesity is a significant health problem in both the
Western world and developing countries today. This
review shows that obesity is related to delayed organ
function, though the exact cause is unclear. There is
wide disagreement between centers about the long-
term outcomes of obese patients after successful kidney
transplantation. It is also suggested that a multi-faceted
approach is needed to reduce obesity before and after
kidney transplantation. Obesity has been associated
with increased CO concentrations and nephrotoxicity in
immunosuppressive regimens based on cyclosporine,
which can be less than in regimens based on tacrolimus
and sirolimus (34).

The study by Dashti-Khavidaki et al. assessed
tacrolimus dosing in Iranian kidney transplant patients
within the first three weeks post-transplant. Their
findings underscore the necessity of individualized
tacrolimus dosing in this population. The results
showed that patients required lower daily doses than
recommended to reach target blood levels, with females
needing higher doses than males to achieve similar
levels (35).

In a recently published review paper, the authors
discuss the survival benefit of kidney transplantation
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compared to remaining on the waitlist for obese
patients. Data from the United States Renal Data System
(USRDS) between 1995 and 2007 showed that transplant
recipients experienced improved long-term survival and
quality of life compared to those who remained on
dialysis. The extent of the survival benefit varied based
on the patient's BMI. Overall, the paper highlights the
importance of considering obesity in the context of
kidney transplantation and emphasizes the potential
benefits of transplantation for obese individuals (9).

The results of this study indicate that BMI emerges as
a more stable predictor for appropriate drug dosing
compared to other weight indices. This suggests that
using BMI to determine drug dosage may lead to more
consistent drug concentrations and improved
therapeutic outcomes. The GEE analysis further
demonstrates that each weight index can increase the
likelihood of achieving appropriate drug
concentrations for cyclosporine, tacrolimus, and
sirolimus, with varying degrees of efficacy for each drug.

The study's insights have practical implications for
clinical practice, highlighting the importance of
considering specific weight indices when prescribing
immunosuppressive drugs for renal transplant patients.
Tailoring drug dosages based on individual weight
characteristics can help minimize the risk of drug-
related adverse effects while maintaining adequate
immunosuppression.

Despite the valuable contributions of this research, it
is essential to acknowledge the study's limitations. The
relatively small sample size may limit the
generalizability of the findings, warranting further
investigation with larger cohorts to validate and expand
on these results. Additionally, the study was conducted
in specific clinical settings, and variations in patient
populations and drug regimens may influence the
relationship between weight indices and drug
concentrations in different contexts. Another possible
limitation of this study is that it does not assess the
potential association between weight indices and
clinical outcomes, including acute allograft rejection.

In conclusion, this study sheds light on the crucial
relationship between weight indices and blood levels of
immunosuppressive drugs in renal transplant patients.
The findings emphasize the importance of
individualized drug dosing based on specific weight
indices to optimize immunosuppressive therapy and
enhance transplant outcomes. While certain weight

indices may exhibit stronger associations with drug
concentrations  for  specific = medications, a
comprehensive assessment of all relevant indices is
essential for personalized dosing and improved
therapeutic outcomes. More extensive multicenter
studies with diverse patient populations are encouraged
to strengthen the evidence base and establish
standardized guidelines for individualized drug dosing
in renal transplant recipients. Collaborative efforts
between healthcare professionals, including
pharmacists, nephrologists, and transplant surgeons,
can facilitate the implementation of tailored
therapeutic approaches to improve long-term
transplant outcomes and patient well-being.
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