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Population Health (CESP), INSERM UMRS 1018, Villejuif, France; 3MP3CV Laboratory, EA7517, University of Picardie Jules

Verne, Amiens, Amiens, France; and 4Department of Nephrology, Amiens University Hospital, Amiens, France
Background: Medication regimen complexity (MRC) has not been characterized in detail in patients with

end-stage renal disease (ESRD). The objective of the present study was to quantify changes over time in

the prescription drug burden and MRC in patients with ESRD (before transplantation, on discharge after

kidney transplantation [M0], and 4 months [M4] and 12 months [M12] afterward).

Methods: We retrospectively studied adult patients having undergone kidney transplantation. The number

and types of drug prescribed, the pill burden, and the MRC index (MRCI) at 4 different time points (before

transplantation, M0, M4, and M12) were extracted from the patients’medical records. MRCI was calculated

by adding each drug score (calculated according to its formulation, dosing frequency, and additional in-

structions concerning administration). Hence, the MRCI took account of all prescription drugs. A logistic

regression model was used to identify factors associated with an elevated MRCI at M12.

Results: The median (interquartile range) age of the 354 study participants was 52 years (42–62).

Respectively 21%, 42%, 53%, and 38% of the patients were taking 10 or more drugs before transplantation

and at M0, M4, and M12. At M12, the 3 most frequently prescribed drug classes were immunosuppres-

sants, cardiovascular system drugs, and drugs acting on the alimentary tract and metabolism. The pill

burden and MRCI before transplantation were significantly lower (P < 0.001) than at each time point after

transplantation. Diabetes and dyslipidemia were independently associated with an elevated MRCI at M12.

Conclusion: In kidney transplant recipients, the drug burden and MRCI were greater at all time points after

transplantation than before transplantation. The impact of the drug burden and MRC on medication

adherence and clinical outcomes in these patients requires further evaluation.
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C
hronic kidney disease (CKD) is a global health
burden.1 A recent study ranked the patients seen

by nephrologists as the most complex to manage, in
view of the prevalence of polypharmacy and the large
number of comorbidities.2 Indeed, recent studies of
cohorts of non–end-stage patients with CKD reported a
high prevalence of polypharmacy.3–5 Along with
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comorbidities and renal complications, the drug
burden increases sharply as CKD progresses.4 Indeed,
patients on dialysis not only have a large number of
comorbidities but also experience specific complica-
tions (such as anemia, hyperkaliemia, and bone mineral
disorders) requiring specific medications (such as
antianemia agents, potassium binders, phosphate
binders, and cinacalcet). Various studies have found
high levels of polypharmacy (from 10 to 12 drugs per
day per individual, on average) in dialysis patients.6–8

In kidney transplant recipients, immunosuppressive
agents are combined with other medications required
to manage comorbid conditions. Polypharmacy has
been linked to poor quality of life in patients having
undergone successful kidney transplantation.9 How-
ever, detailed data on changes over time in the drug
Kidney International Reports (2021) 6, 128–137
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Kidney transplant recipients

Study population

N = 354

Preemptive transplantation n = 12

transplantation n = 14

Missing information before

Lost to follow-up n = 41

Death during the first year n = 4

N = 425

Figure 1. Study flowchart.
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burden and the types of drugs used by patients with
end-stage renal disease (ESRD) are lacking.

The medication burden can be assessed in different
ways; these include the number of medications
administered and the complexity of the medication
regimens. Several validated, non–disease-specific tools
for calculating medication regimen complexity (MRC)
have been described in the literature.10,11 Some of these
tools measure MRC in paper-based, coded medication
lists, and have already been applied to various pop-
ulations, including patients with chronic disease12 and
older adults.13 However, a specific tool for patients
with ESRD is not available. Regimen complexity is one
of the major determinants of medication nonadherence
in patients with chronic disease, and nonadherence to
immunosuppressants in kidney transplant recipients is
a major negative factor for graft survival.14 To the best
of our knowledge, MRC in kidney transplant recipients
has not previously been assessed with a validated tool.
Hence, the objective of the present study was to
quantify changes over time in the prescription medi-
cation burden and MRC in patients with ESRD before
kidney transplantation (during dialysis), on discharge
after kidney transplantation (M0), and 4 months (M4)
and 12 months (M12) afterward.
METHODS

Study Design and Participants

We performed a retrospective study of adult patients
(aged 18 and older) having undergone kidney trans-
plantation at Amiens University Medical Center
(Amiens, France) between January 1, 2012, and June 15,
2018. We excluded patients (i) with missing data for their
clinical status and/or treatments before transplantation,
(ii) with missing data for more than 2 of the 4 study time
points, (iii) who were lost to follow-up, (iv) who died
within a year of transplantation, and (v) who underwent
preemptive kidney transplantation (Figure 1).
Kidney International Reports (2021) 6, 128–137
In line with the French legislation on noninterventional
studies, approval by an investigational review board was
neither required nor sought. However, the study was
registered with the French National Data Protection Com-
mission (Commission Nationale de l’Informatique et des Lib-
ertés [Paris, France]; registrationnumber:PI2019_843_0055).
Patients were provided with information about the study,
and were free to refuse to participate.

Data Collection

The patients’ data were extracted from hospitaliza-
tion reports at each time point (i.e., just before
transplantation, and at M0, M4, and M12 post-
transplantation). Before transplantation, all patients
were treated by hemodialysis. We recorded the
sociodemographic characteristics, the etiology of
CKD, smoking status, alcohol consumption, and
comorbidities. Patients were classified as having hy-
pertension if this condition was recorded in their
medical records or if they were taking antihyper-
tensive medications. Similarly, diabetes was defined
as a report in the medical records or the use of
antidiabetic drugs, and dyslipidemia was defined as a
report in the medical records or the use of lipid-
lowering agents. Patients were classified as having
cardiovascular disease if they were receiving anti-
platelet agents, beta-blockers, and agents acting on
the renin-angiotensin system at the same time, or
were receiving cardiac therapy drugs (Anatomical
Therapeutic and Chemical [ATC] class C01), antith-
rombotics, or calcium channel blockers. All comor-
bidities were assessed with reference to prescriptions
before kidney transplantation.

As with the patients’ other characteristics, drug
prescriptions were recorded at 4 time points: before
transplantation, and at M0, M4, and M12. The hemo-
dialysis medication report was used to record drug
prescriptions before transplantation, and the hospital’s
medical records were used to record drug prescriptions
at M0, M4, and M12. The “number of medications” at
each time point was defined as the number of distinct
drug preparations. Drugs were coded according to the
international ATC thesaurus.15 Medication categories
were created by reference to the 2 first levels of the
ATC codes (e.g., the top-level class C “cardiovascular
system” drugs and its subclasses “cardiac therapy”
[C01] and “antihypertensives” [C02]). Only pre-
scription medications were recorded. In our
descriptive analysis of the number of medications,
we defined polypharmacy as 5 or more medications
per day per individual and hyperpolypharmacy as 10
or more medications per day per individual; these are
the numerical classes most commonly used in the
literature.16
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Table 1. Characteristics of the study population
Total

(N [ 354)

Sex

Men 233 (65.8)

Women 121 (34.2)

Recipient age, yr 52 (42–62)

Body mass index, kg/m2 25 (23–29)

Cardiovascular disease 185 (52.3)

Hypertension 194 (54.8)

Dyslipidemia 171 (48.3)

Diabetes 63 (17.8)

History of cancer 25 (7.1)

Smoking status

CLINICAL RESEARCH J Marienne et al.: Drug Burden and End-Stage Renal Disease Patients
The Pill Burden

At each time point, the total pill burden was defined as
the total number of pills the subject took daily. The
number of pills per day was determined by counting
the number of orally administered pills, tablets, or
capsules taken per day for each patient. Hence, non–
orally administered drugs (powders or granules in
food, liquid formulations taken per os, eye drops,
and inhaled formulations) were excluded. For tablets
taken once or several times a week (but not daily), we
divided the pill burden by 7. Hence, a tablet taken
once a week was equivalent to taking 0.14 tablets
once a day.
Nonsmoker 217 (61.3)

Smoker 54 (15.3)

Ex-smoker 83 (23.4)

Alcohol consumption 10 (2.8)

Etiology of chronic kidney disease

Diabetic nephropathy 26 (7.3)

Glomerulonephritis 112 (31.6)

Hereditary nephropathy 4 (1.1)

Hypertensive nephropathy 27 (7.6)

Interstitial nephritis 14 (4.0)

Renal and urinary tract malformations 29 (8.2)

Polycystic kidney disease 59 (16.7)

Vascular nephropathy 17 (4.8)

Other nephropathy 18 (5.1)

Indeterminate 48 (13.6)

Previous kidney transplantations

None 306 (86.4)

1 43 (12.1)

2 5 (1.4)

Time on dialysis, yr 3.36 (3.35)

Results are expressed as n (%), median (interquartile range), or mean � SD.
Calculation of the MRCI

The MRCI for each patient was calculated at each
assessment time point.11 Each drug was weighted ac-
cording to its formulation, dosing frequency, and
additional instructions concerning administration.
Hence, the MRCI took account of all prescription drugs
(regardless of whether or not they were orally admin-
istered) and increased with the number of drugs and
the difficulty of administration. The MRCI had 3
different components: (i) the dosage form and admin-
istration route, (ii) the dosing frequency, and (iii)
additional instructions concerning administration
(Supplementary Table S1). For example, an oral tablet
medication was given a weight of 1, whereas an eye
drop formulation was given a weight of 3. An
injectable liquid medication had a weight of 3 if the
syringe was prefilled, or 4 if it came in a vial or an
ampoule. The weights for Component B ranged from
0.5 for a single daily dose to 12.5 for a dose every 2
hours. Component C quantified the additional in-
structions for treatment given in the drug’s summary of
product characteristics or written on the prescription.
Hence, the lowest possible value of the MRCI was 1.5: a
capsule or tablet taken by mouth once a day. There was
no maximum value because the MRCI increased with the
number of drugs (Supplementary Table S2).
Statistical Analyses

Baseline characteristics were described for all partici-
pants. The results were expressed as the mean � SD,
the median (interquartile range), or the number (per-
centages). A 1-way repeated-measures analysis of
variance was used to determine whether the MRCI
scores, pill burden, and number of daily medications
changed over time. Paired Student’s t tests (after Bon-
ferroni’s correction for multiple testing) were also used
to compare the mean values of the MRCI score, pill
burden, and number of medications per patient at
different time points.
130
Univariate and multivariate logistic regressions were
performed to identify factors associated with an MRCI
>37.5 12 months after transplantation (37.5 was mean
value of MRCI at M12). The multivariable logistic
regression analyses were adjusted for possible con-
founders identified in a review of the literature. Vari-
ables with P > 0.10 in the crude model were excluded
from the multivariable analysis. Sex, hypertension, and
cancer history were not tested because their P value
was greater than 0.10. Age, body mass index, diabetes,
dyslipidemia, and cardiovascular disease were included
in the multivariable analysis.

Statistical analyses were performed with R software
(version 3.5.0, Foundation for Statistical Computing,
Vienna, Austria).
RESULTS

Characteristics of the Study Population

Data were collected from 354 patients (120 women,
34%) after the exclusion of 71 individuals (including
12 having undergone preemptive transplantation)
Kidney International Reports (2021) 6, 128–137



Figure 2. Number of daily medications (a) and pill burden (b) during end-stage renal disease (before kidney transplantation, on discharge after
kidney transplantation [M0], and 4 and 12 months after kidney transplantation [M4 and M12]). (a) Differences over time were statistically
significant (analysis of variance, P < 0.001). *P < 0.001 for comparisons between before transplantation and M0, M4, and M12 (after Bonferroni
correction). **Differences between M0 and M4, and M0 and M12 not significant (after Bonferroni correction). $P < 0.001 between M4 and M12
(after Bonferroni correction). (b) Differences over time were statistically significant (analysis of variance, P < 0.001). *P < 0.001 for comparisons
between before transplantation and M0, M4, and M12 (after Bonferroni correction). **P < 0.001 between M0 and M4, and between M0 and M12
(after Bonferroni correction). $P ¼ 0.003 between M4 and M12 (after Bonferroni correction).

J Marienne et al.: Drug Burden and End-Stage Renal Disease Patients CLINICAL RESEARCH
(Figure 1). The median (interquartile range) age was 52
years (42–62). With regard to comorbidities, 18% of
the participants had diabetes, 55% had hypertension,
Kidney International Reports (2021) 6, 128–137
48% had dyslipidemia, and 52% had a history of
cardiovascular disease. The mean � SD time on dialysis
before transplantation was 3.4 years � 3.4 (Table 1).
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Table 2. The most common ATC classes over the course of ESRD: before kidney transplantation, on discharge after kidney transplantation (M0),
and 4 and 12 months after kidney transplantation (M4 and M12)
ATC classes prescribed to patients

ATC classes

Before M0 M4 M12

n (%) n (%) n (%) n (%)

Cardiovascular system 901 (33) 767 (21) 896 (24) 1000 (29)

Beta blocking agents 185 195 221 231

Calcium channel blockers 113 222 207 199

Central antihypertensives 78 180 161 172

Lipid-modifying agents 173 48 130 176

Agents acting on the renin-angiotensin system 171 33 85 128

Diuretics 163 77 78 79

Cardiac therapy 17 9 12 13

Vasoprotectives 0 3 2 2

Peripheral vasodilators 1 0 0 0

Alimentary tract and metabolism 536 (20) 615 (17) 751 (20) 792 (23)

Drugs for acid-related disorders 142 323 277 242

Vitamins 201 37 192 267

Drugs used in diabetes 66 109 152 159

Mineral supplements 98 95 102 94

Antidiarrheals, intestinal anti-inflammatory/anti-infective agents 9 19 12 13

Drugs for constipation 7 19 6 9

Drugs for functional gastrointestinal disorders 6 10 3 3

Digestives, including enzymes 3 2 3 3

Bile and liver therapy 2 0 1 2

Stomatological preparations 0 1 3 0

Other alimentary tract and metabolism products 2 0 0 0

Antineoplastic and immunomodulating agents 13 (0.5) 703 (19) 678 (18) 651 (19)

Immunosuppressants 13 703 678 651

Blood and blood-forming organs 366 (14) 407 (11) 386 (10) 332 (10)

Antianemic preparations 255 255 220 160

Antithrombotic agents 110 149 165 172

Blood substitutes and perfusion solutions 0 3 1 0

Antihemorrhagics 1 0 0 0

Systemic hormonal preparations, excluding sex hormones and insulins 155 (6) 314 (9) 338 (9) 353 (10)

Corticosteroids for systemic use 42 288 289 300

Calcium homeostasis 93 6 32 35

Thyroid therapy 20 19 17 18

Pancreatic hormones 0 1 0 0

Anti-infectives for systemic use 7 (0.3) 469 (13) 328 (9) 56 (2)

Antibacterials for systemic use 1 319 214 23

Antivirals for systemic use 4 136 103 30

Antimycotics for systemic use 0 13 8 2

Immune sera and immunoglobulins 1 0 3 1

Antimycobacterials 1 1 0 0

Nervous system 157 (6) 160 (4) 113 (3) 122 (4)

Psycholeptics 86 92 60 56

Analgesics 23 35 20 25

Antiepileptics 24 15 15 25

Psychoanaleptics 21 13 11 14

Other nervous system drugs 2 5 3 2

Anti-Parkinson drugs 1 0 0 0

Various 427 (16) 22 (1) 32 (1) 17 (0.5)

Drugs for treatment of hyperkalemia and hyperphosphatemia 420 19 32 16

Detoxifying agents for antineoplastic treatment 7 3 0 1

Other pharmacological classes 145 (5) 165 (5) 179 (5) 121 (4)

Antiparasitic products, insecticides and repellents 0 101 85 8

Musculoskeletal system 48 2 20 42

Sodium bicarbonate 19 23 37 30

Genito urinary system and sex hormones 21 11 23 22

(Continued on following page)
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Table 2. (Continued) The most common ATC classes over the course of ESRD: before kidney transplantation, on discharge after kidney
transplantation (M0), and 4 and 12 months after kidney transplantation (M4 and M12)
ATC classes prescribed to patients

ATC classes

Before M0 M4 M12

n (%) n (%) n (%) n (%)

Respiratory system 37 12 12 10

Sensory organs 4 14 1 5

Dermatologicals 2 2 1 4

No ATC code 12 0 0 0

Not marketed in France 2 0 0 0

Total 2707 3622 3701 3444

ATC, anatomical, therapeutic, and chemical; ESRD, end-stage renal disease.
The main drug classes appear in bold. The denominator is the total number of drug prescriptions.

J Marienne et al.: Drug Burden and End-Stage Renal Disease Patients CLINICAL RESEARCH
Patterns of Medication Use and Frequency

The 354 studyparticipants took a total of 2707medications
before transplantation and 3444 12 months after trans-
plantation. The mean � SD number of daily prescription
medications per individual was respectively 8� 3, 10� 3,
11� 3, and 10� 3 before transplantation and at M0, M4,
and M12 (Figure 2a). The proportions of patients with
polypharmacy and hyperpolypharmacy at M12 were
respectively 94% and 38%. Respectively, 21%, 42%,
53%, and 38%of the patientswere taking at least 10 drugs
before transplantation and at M0, M4, and M12. Before
transplantation, the 3 most common ATC medication
classes were drugs for the cardiovascular system, drugs
acting on the alimentary tract and metabolism, and drugs
acting on the blood and blood-forming organs. The 3 most
common ATC classes at M12 were immunosuppressants,
cardiovascular system drugs, and drugs acting on the
alimentary tract and metabolism (Table 2). The use of
antihypertensive agents notably varied over the course of
ESRD; after transplantation, we observed a significant
increase in the use of calcium channel blockers and central
antihypertensives, and a decrease in the use of diuretics
and in agents acting on the renin-angiotensin system.
Unsurprisingly, the use of specific drugs for dialysis care
Table 3. Characteristics of immunosuppressive treatments upon
discharge after kidney transplantation (M0)

Characteristics

Total

(n [ 354)

Induction therapy, n (%)

Basiliximab 193 (54.5)

Antithymocyte globulin 160 (45.2)

with i.v. Ig 6 (1.7)

Basiliximab þ antithymocyte globulin 1 (0.3)

Maintenance therapy, n (%)

MMF þ tacrolimus 240 (67.8)

MMF þ cyclosporine 97 (27.4)

MMF þ everolimus 1 (0.3)

Tacrolimus þ everolimus 14 (4.0)

Tacrolimus þ azathioprine 2 (0.6)

MMF, mycophenolate mofetil.

Kidney International Reports (2021) 6, 128–137
(such as those for the treatment of hyperphosphatemia)
decreased after transplantation. Antidiabetic agents were
more frequently prescribed 12 months after trans-
plantation than before transplantation. We noted the
frequent use of drugs for acid-related disorders.

Immediately after transplantation (M0), the most
commonly prescribed combination of immunosup-
pressive agents was mycophenolate mofetil and tacro-
limus (in 240 patients [68%]) (Table 3). A total of 287
patients (81%) were taking corticosteroids (data not
shown).

Pill Burden

The pill burden was significantly different over time
(analysis of variance P < 0.001). The mean � SD pill
burden (oral drugs only) before transplantation (8.2 �
4.5) was significantly lower than at each time point
after transplantation (pairwise t test after Bonferroni
correction, P < 0.001). The highest value pill burden
was recorded 1 month after transplantation (18.0 �
4.9). At M12, the mean pill burden was 13.6 � 4.8
(Figure 2b).

Medication Regimen Complexity

The MRCI score was significantly different over time
(analysis of variance P < 0.001). The mean � SD MRCI
before transplantation was 27.7 � 11.9 (range: 2.0–
72.0). The MRCI was significantly higher at M0, M4,
and M12 than before transplantation (pairwise t test
after Bonferroni correction, P < 0.001). At M12, the
mean � SD MRCI was 37.5 � 11.9 (range: 11.0–83.0)
(Figure 3). The component that contributed the most to
the MRCI at each time point was component B (i.e., the
dosing frequency) (Table 4).

Factors Associated With MRC 12 Months After

Transplantation

The risk of having an MRCI of more than 37.5 increased
significantly when patients had diabetes (odds ratio
[95% confidence interval] ¼ 4.97 [2.51–10.45]) or
dyslipidemia (2.01 [1.23–3.27]). In the multivariate
analysis, we found that age, sex, body mass index,
133



Figure 3. The medication regimen complexity index (MRCI) during end-stage renal disease (before transplantation, on discharge after kidney
transplantation [M0], and 4 and 12 months after transplantation [M4 and M12]). Differences over time were statistically significant (analysis of
variance, P < 0.001). *P < 0.001 for comparisons between before transplantation and M0, M4, and M12 (after Bonferroni correction). **Dif-
ference between M0 and M4 not significant, and P < 0.001 between M0 and M12 (after Bonferroni correction). $P < 0.001 between M4 and M12
(after Bonferroni correction).

CLINICAL RESEARCH J Marienne et al.: Drug Burden and End-Stage Renal Disease Patients
hypertension, and a cardiovascular disease were not
significantly associated with the risk of having an
MRCI of more than 37.5 (Table 5).
DISCUSSION

Our present results provide an overview of the patient-
level medication burden and the type of medications
prescribed in individuals having undergone kidney
Table 4. The change over time in the MRCI components during
ESRD (before kidney transplantation, on discharge after kidney
transplantation [M0], and 4 and 12 months after kidney
transplantation [M4 and M12])

Before M0 M4 M12

(n [ 354) (n [ 352) (n [ 348) (n [ 344)

Component A 10.4 � 4.76a 12.9 � 4.55b 13.1 � 4.47e 12.2 � 4.52

Component B 11.6 � 5.06a 16.9 � 4.87c 16.3 � 4.84e 15.0 � 5.24

Component C 5.64 � 3.05a 12.5 � 3.67d 11.7 � 3.43e 10.3 � 3.10

Total MRCI 27.7 � 11.9 42.3 � 11.2 41.2 � 11.3 37.5 � 11.9

ESDR, end-stage renal disease; MRCI, medication regimen complexity index.
aP < 0.001 for comparisons between before transplantation and M0, M4, and M12 (after
Bonferroni correction).
bDifference between M0 and M4 not significant, P ¼ 0.046 between M0 and M12 (after
Bonferroni correction).
cDifference between M0 and M4 not significant, P < 0.001 between M0 and M12 (after
Bonferroni correction).
dP ¼ 0.001 between M0 and M4, P < 0.001 between M0 and M12 (after Bonferroni
correction).
eP < 0.001 for the comparisons between M4 and M12 (after Bonferroni correction).
Results are expressed as the mean � SD.
Differences over time were statistically significant for components A, B, and C (analysis
of variance P < 0.001 for each component).

134
transplantation in an indication of ESRD. The 3 study
endpoints (the number of daily medications, the pill
burden, and the MRCI) all changed in the same direc-
tion, with a 35% increase of MRCI when comparing
between the period before kidney transplantation with
the time point 12 months after transplantation. In a
multivariate analysis, diabetes and dyslipidemia were
associated with MRC.

We have previously evidenced MRC in patients with
CKD before kidney transplantation setting.17 The
prevalence of polypharmacy in various non-ESRD CKD
cohorts varies from 72% to 80%3,4; these values are
explained by the patients’ advanced age and multiple
comorbidities. In the presented cohort, 53% of the
patients (at M4) and 38% (at M12) were classified in the
“hyperpolypharmacy” group.

Our findings offer insights into the long-term med-
ications (other than immunosuppressants) commonly
prescribed to kidney transplant recipients. On
discharge after kidney transplantation (M0), the most
common ATC classes (other than immunosuppressants
and corticosteroids) were drugs for acid-related disor-
ders, antibacterials for systemic use, and antianemic
preparations. Twelve months after transplantation, the
most common ATC classes (again other than immuno-
suppressants and corticosteroids) were beta blocking
agents, drugs for acid-related disorders, and vitamins.
Kidney International Reports (2021) 6, 128–137



Table 5. Factors associated with an MRCI >37.5 12 months after kidney transplantation

Characteristics

Crude model Adjusted model

OR [95% CI] P value OR [95% CI] P value

Age at the time of kidney transplantation, yr 1.03 [1.01–1.05] 0.001 1.01 [0.99–1.03] 0.47

Body mass index, kg/m2 1.07 [1.02–1.13] 0.005 1.04 [0.99–1.10] 0.15

Cardiovascular disease

No 1

Yes 1.90 [1.23–2.94] 0.004 1.46 [0.91–2.34] 0.12

Dyslipidemia

No 1

Yes 2.90 [1.87–4.52] <0.001 2.01 [1.23–3.27] 0.005

Diabetes

No 1

Yes 7.03 [3.68–14.42] <0.001 4.97 [2.51–10.45] <0.001

CI, confidence interval; MRCI, medication regimen complexity index; OR, odds ratio.
Sex, hypertension, and a history of cancer were tested in a univariate analysis but did not meet the criteria for inclusion in the multivariable analysis (P ¼ 0.78, 0.83 and 0.14,
respectively).
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Indeed, most patients will inevitably receive lifelong
immunosuppressive therapy and other medications
needed to manage their comorbid conditions (especially
cardiovascular disease), prevent viral and bacterial in-
fections, and relieve the gastrointestinal adverse events
associated with immunosuppressants.

In parallel with the increase in polypharmacy, we
found that daily pill burden increased during the post-
transplantation period. The mean daily pill burden
ranged from 8.2 (before transplantation) to 18.0 (M0).
Furthermore, oral pill burden in the period soon after
kidney transplantation exceeded the pill burden before
transplantation (on dialysis); this was mainly due to
intensive immunosuppressive therapy and prophylaxis
for graft complications. Similarly, a 12-month cross-
sectional study in India found that the daily pill
burden ranged from 10 to 32 immediately after kidney
transplantation and from 7 to 28, 12 months later.18

Another retrospective study (of 68 kidney transplant
recipients in the United States) found that the daily pill
burden was 17, 2 years after transplantation.19

In the literature, polypharmacy has been linked to
poor medication adherence.14 The consequences of
nonadherence to medication in transplant recipients can
be severe: an increased risk of acute or chronic graft
rejection, repeat transplantation, and death. Further-
more, a recent analysis of kidney transplant recipients
showed that the number of medications and the total
weekly pill burden were associated with poor quality of
life in general and poor scores for some Kidney Disease
Quality of Life-36 subscales (such as the physical func-
tioning and pain severity) in particular.9

The previously validated MRCI may provide more
information than the number of medications and the
pill burden do, because it accounts for factors such as
the administration frequency and the administration
route. The present study is the first to have systemat-
ically evaluated MRC at multiple time points before and
Kidney International Reports (2021) 6, 128–137
after kidney transplantation. A better understanding of
MRC would help to identify the most complicated pe-
riods for drug treatment after transplantation.

When we compare our findings with those in the
literature on nontransplant cohorts, it is clear that
kidney transplant recipients have high medication
burdens.20 When studying the MRCI across pop-
ulations with chronic disease, Libby et al.12 stated that
the mean total patient-level MRCI (25.44; range: 6–64)
was highest in a cohort of geriatric patients with
depression. A cohort of patients with diabetes had the
next highest mean patient-level MRCI (22.98; range:
4.0–65.5), followed by patients with HIV (21.76; range:
2.0–67.5) and hypertension (17.8; range: 3–46) co-
horts.12 In 157 elderly patients with stage 5 CKD
(estimated glomerular filtration rate <15ml/min per
1.73 m2), the estimated mean � SD MRCI was
22.8� 7.7.21

In comparison, the mean � SD MRCI in our kidney
transplant cohort was highest at M0 (42.3 � 11.2) and
was still high 12 months after transplantation (37.5 �
11.9). This elevated value is in line with a previous
report on a group of heart transplant recipients, in
which the MRCI 12 months after transplantation was
30.4.22 We found that the MRCI in our cohort was
mainly driven by the dosing frequency.

Dyslipidemia and diabetes are 2 well-known post-
transplantation complications related (at least in part)
to immunosuppressive agents. Indeed, steroids and
calcineurin inhibitors usually lead to quantitative and
qualitative abnormalities in levels of very-low-density,
low-density, and high-density lipoproteins, and post-
transplant diabetes mellitus has emerged as a major
adverse effect of immunosuppressive drugs.23–25 These
2 comorbidities were identified as independent factors
associated with an elevated MRCI 12 months after
kidney transplantation. Whereas dyslipidemia might
reflect sicker patients with a higher number of drugs,
135
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one can also reasonably assume that antidiabetic
therapy (including multiple injections of insulin and
poly-antidiabetic agents) leads to an elevated MRCI,
especially because the latter is driven by the adminis-
tration route and the dosing frequency. As mentioned
previously, Libby et al.12 found that diabetes was one
of the chronic diseases with an elevated MRCI. In line
with a previous report,26 age and sex were not asso-
ciated with an elevated MRCI in the present study.

The MRCI could be used to simplify medication
regimens. Another possible means of simplifying the
medication regimen would be to introduce polypills,
although this type of formulation is not widely avail-
able for medications other than fixed-dose combina-
tions of antihypertensive drugs. The systematic
promotion of a “deprescribing” approach (defined as
discontinuing medications with the lowest benefit-
harm ratio) might also usefully reduce the treatment
burden.27,28 However, it is not known whether
reducing the MRC has positive effects on clinically
relevant health care outcomes such as adherence,
overall health, and hospitalization.

The main strength of the present study was its triple
assessment of the drug burden (the number of drugs,
the oral pill burden, and the MRCI) at different time
points in the course of ESRD. Our study had several
limitations. First, we retrospectively evaluated pre-
scription medications recorded in the patients’ elec-
tronic medical records; hence, we could not determine
whether the medications had actually been taken by
the patient. This feature also meant that we did not
record the use of over-the-counter drugs. Second, our
study was performed in a single kidney transplant
clinic and thus did not address potential differences in
prescribing patterns from one center to another. Last,
we did not assess the association between MRC and
clinical outcomes. Additional studies are needed to
evaluate the relationship among MRC, medication
adherence, and clinical outcomes in kidney transplant
recipients.

CONCLUSION

Our present results highlighted a high drug burden
and high MRC in transplanted patients. The burden
was higher at all time points after the transplantation
period than before transplantation. Further evaluations
need to assess the impact of the drug burden and MRC
on hard outcomes such as acute transplant rejection,
medication adherence, quality of life, allograph sur-
vival, and hospitalization.
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