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Abstract
Summary To develop a population pharmacokinetic model that describes the absorption and low plasma levels of risedronate in
the body. The impact of patients’ characteristics on risedronate kinetics is investigated. Simulations revealed the high variability
in the concentration levels after different dosage schemes. No dosage adjustment is required in renal impairment.
Introduction Risedronate exhibits very low plasma levels and high residence time in the body. The aim of this study is to describe
and explain the risedronate transit through the body. The impact of volunteers’ characteristics on the kinetics of risedronate is also
investigated. Simulations are used to compare the risedronate plasma levels after different dosage schemes and assess the need for
dose adjustment in patients with impaired kidney functionality.
Methods Plasma concentration—time data were obtained from a four-period, two sequence, single-dose, crossover bioequiva-
lence study. The effects of several covariates (e.g., weight, albumin, creatinine, alkaline phosphatase, and calcium) on model
parameters were tested. Non-linear mixed-effect modeling was applied and a variety of models were evaluated placing emphasis
on absorption and disposition properties. The modeling and simulation work was implemented in MonolixTM 2020R1.
Results Following oral administration, the kinetics of risedronate was best described by a two-compartment model with lag time,
first-order absorption, and elimination. The extent of peripheral distribution (i.e., bones) was found to be remarkably high. No
volunteer characteristics were identified to affect significantly the disposition of risedronate. Using simulations, risedronate
plasma profiles were obtained for different doses and frequencies of administration.
Conclusion The absorption and disposition kinetics of risedronate were successfully characterized. Simulations revealed the high
discrepancy in the concentration levels observed after different dosage regimens, implying the safety profile of risedronate. In
virtual patients with renal impairment, the blood levels of risedronate are increased, but not in an extent requiring dose adaptation.
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Introduction

Prevention and management of bone diseases, such as osteo-
porosis, have become more important as the aging population
increases [1]. Osteoporosis affects millions of people world-
wide over the age of 50, which is associated with significant
morbidity, mortality, and costs for the health systems [2].
Paget’s disease is the second bone metabolic disease, with a

prevalence around 2% among adults older than 55 years and
10% among people over 80 years [3]. Those skeletal disorders
are caused because of an imbalance in the bone remodeling
process, characterized by an excessive and anarchic remodel-
ing ending up in a disorganization of the bone morphology.

For the treatment of both conditions, several pharmacother-
apy strategies exist, where bisphosphonates (BPs) exert a pre-
dominant role [4–7]. BPs can be classified in two general
groups: (a) the non-nitrogen-containing, also called first-gen-
eration, such as clodronate and etidronate and (b) the nitrogen-
containing BPs which include the second generation
(pamidronate, ibandronate, and alendronate), and the third
generation (risedronate and zoledronic acid) [7]. BPs diminish
bone resorption through different mechanisms [8]. Non-
nitrogen-containing compounds principally obstruct
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osteoclast activity by inhibiting ATP-dependent enzymes by
forming non-hydrolyzable analogs of ATP. The nitrogen-
containing bisphosphonates exert their action in two ways:
first, in the extracellular space act as calcium chelators by
binding to and stabilizing calcium phosphate within bone ma-
trix and subsequently preventing bone mineral dissolution.
Secondly, they lead to multiple intracellular effects within
osteoclasts; most notably, they inhibit the mevalonate path-
way [9]. Bisphosphonates should not be administered indefi-
nitely due to the limited efficacy data beyond 5 years of use
and the increased risk of serious adverse events such as atyp-
ical femur fractures and osteonecrosis of the jaw. However,
the optimal duration of treatment and the parameters for
restarting remains unclear [9].

Risedronate, along with other BPs (like alendronate,
ibandronate, and zoledronic acid), represents a popular choice
for the treatment of osteoporosis. Risedronate is a potent
antiresorptive agent, possessing high affinity for hydroxyapa-
tite, which was found to reduce the risk of fracture in women
with postmenopausal osteoporosis in randomized, controlled
clinical trials [10, 11]. Currently, risedronate is approved by
the EMA and FDA to prevent or manage osteoporosis and to
treat Paget’s disease with doses ranging from 5mg daily to
150mg once a month [12–14]. Alike to other BPs, risedronate
is not recommended for use in patients with reduced creatinine
clearance.

Common characteristics of the second and third generation
BPs refer to their very low bioavailability and long residence
inside the body [12, 13, 15]. BPs are absorbed to low extent
after oral administration and around half of the absorbed drug
is taken up by the bones and the remaining is eliminated un-
changed by the kidneys [16]. Similarly, risedronate has a bio-
availability of 0.63% which can be further reduced in fed
conditions, especially if diet is rich in calcium or divalent
cations that can bind with the negative groups of phosphate
formed at physiological pH. Once in general circulation,
risedronate distributes and remains in bones for months [12,
13]. As all nitrogen-containing bisphosphonates, risedronate
is widely distributed throughout the body, primarily in the
bones, but also in soft tissues such as the liver, kidney, and
spleen [7]. Risedronate is primarily cleared by the kidneys and
it stays inside the body for a long time. In postmenopausal
women, the terminal exponential half-life was found to be
close to 24 days, implying that more than 4 months are re-
quired for its complete removal from the body [12, 13, 15, 17,
18].

Thus, it is intriguing to try to describe mathematically the
two common characteristics of risedronate (and subsequently
of all BPs) kinetics, namely, the long residence in the body
and the low plasma levels. In case of risedronate, some typical
pharmacokinetic analyses have appeared in the literature;
however, a study explaining its kinetics has not been pub-
lished so far. A valuable tool towards this direction is the

application of non-linear mixed effect modeling approaches
[19]. According to these methodologies, a structural mathe-
matical model can be used to explain mechanistically/
physiologically the transit of medicines through the body
and concomitantly to account for the between-subject and
within-subject variabilities of the people. In addition, the role
of several subjects’ characteristics (like weight, sex, calcium,
alkaline phosphatase levels) can be explored for their impact
on drug transit inside the body.

The aim of this study was to describe and explain the
risedronate kinetics after oral administration, by applying
non-linear mixed effect modeling approaches. The potential
impact of volunteers’ characteristics on the kinetics of
risedronate was also investigated. Emphasis is placed on the
absorption properties of risedronate and on the models to de-
scribe it. Simulations of different dosage regimens and several
levels of renal function were also done.

Materials and methods

Data

The data used in this analysis were obtained from an open-
label, four-period, two-sequence, single-dose, crossover bio-
equivalence study comparing two immediate-release tablets
containing 30mg of risedronate in 40 healthy volunteers
(Study # 1522/08: Risedronate sodium 30mg fc tabs/
Verisfield Pharmaceuticals SA vs. Actonel® (Risedronate
sodium 30mg tabs)/Procter & Gamble Pharmaceuticals).
Risedronate was administered in each period after an over-
night fast with 240 ml of water. Each subject received four
treatments within the study according to a 4-sequence ran-
domization schedule. There was a 16-day washout period
between each treatment. All subjects were adults, non-
smokers between 18 and 55 years of age, having a body
mass index (BMI) between 18.5 and 24.9 Kg/m2 and
weight between 50.1 and 77.0 Kg. None of them had any
evidence of underlying diseases or clinically significant
abnormal laboratory values. All subjects voluntarily
consented to participate in the study.

Assay methodology

Risedronate concentrations were measured one hour before
the single administration and during 24h after dosing. A total
of 17 blood samples were collected at times 0.167, 0.333, 0.5,
0.667, 0.833, 1.0, 1.333, 1.667, 2.0, 3.0, 4.0, 6.0, 8.0, 12.0,
and 24 h in vacutainers containing K2-EDTA.

The analyte risedronic acid and its internal standard
risedronic acid-d4 were extracted from a 250μl aliquot of
human EDTA plasma using DEA, 100mg, LCR solid-phase
extraction cartridges according to method SOP. The extracted
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samples were injected into a liquid chromatograph equipped
with a Chirobiotic T, Astec 4.6 × 50mm, 5μm column. The
mobile phase A was a mixture of acetonitrile/Milli-Q type
water (90/10), ammonium acetate 0.5mM, and acetic acid
1%, and the mobile phase B was a mixture of acetonitrile /
Milli-Q type water (80/20), ammonium acetate 1mM, and
acetic acid 1%.

The chromatographic separation was isocratically per-
formed at room temperature. The detection was made with a
tandem mass spectrometry detector API 3000 (MDS Sciex).
The validated calibration range employed during samples
analysis was from 399.800 to 31984.000 pg/ml. The percent-
ages of bias were from −3.81 to −0.05 and the coefficients of
variation ranges lied between 3.62 and 6.09%.

Non-linear mixed effect modeling

Data were analyzed by a population approach, using
MonolixTM 2020R1 (Simulation Plus) [20]. The Stochastic
Approximation Expectation Maximization algorithm imple-
mented in MonolixTM was used to estimate the parameters.

A variety of structural models were explored based on the
literature information and the characteristics of risedronate
(Fig. 1). In the case of absorption, models with lag-time, tran-
sit absorption compartments, and typical first-order absorption
were investigated. In this context, three sets of models were
tested: (a) models with simple first-order absorption (Fig. 1a
and 1b), (b) models with a transit absorption compartment
(Fig. 1c and 1d), and (c) models with lag time in absorption
(Fig. 1e–h). Regarding distribution, the analyzed models in-
cluded either one or up to four compartments, while for elim-
ination, one or two parallel pathways were investigated. The
models with two elimination pathways were explored since
they take into consideration the reported disposition charac-
teristics of bisphosphonates [7]. The latter comprises renal
elimination (namely, the most important clearance mecha-
nism) of risedronate and a secondary removal called “skeleton
elimination” or long-term elimination. Since such kind of
models, with two elimination pathways, were not included
in the MonolixTM library, they were coded in the MlxTran
language of MonolixTM.

Between-subject variability was modeled assuming log-
normal distribution of the model parameters, whereas the
residual error models investigated included the combined,
proportional, and additive. The impact of inter-occasion
variability and correlation among parameters were further
explored. In addition, the impact of several volunteers’
characteristics (age, weight, height, BMI, albumin, creati-
nine, creatinine clearance, alkaline phosphatase, and calci-
um) on structural model parameters was evaluated. In a
first step, these covariates were added one-by-one on each
parameter, starting with the strongest correlation observed.
Covariates showing a significant association with

structural parameters (p value <0.05) were kept and further
tested in the final full model. In a subsequent step, models
with covariates found significant in the univariate analysis
were further simultaneously investigated using a backward
elimination method. Only covariates remaining significant
after this procedure would be kept in the final model.

To find the best model, different models were compared
relying on their physiological plausibility and goodness of fit
criteria like the Bayesian Information Criterion (BIC), the
Akaike Information Criterion (AIC), -2⋅log-likelihood (-2LL)
[19, 21]. The model with the lowest values in these statistical
criteria, the best performance in the graphs, and having physi-
ological rationale was finally selected.

Simulations

Using the estimates of the average and individual parameters
from the final model, risedronate plasma concentration-time
profiles were simulated for the official dosage schemes
(Table 1) approved by the US FDA and the EMA [12, 13].
Simulations were also performed to explore the impact of
renal impairment on risedronate pharmacokinetics. In this
case, the concentration-time profiles after oral administration
in patient with normal creatinine clearance were compared
with the profiles obtained considering reduced renal elimina-
tion ability by 25%, 50%, and 75%. All simulation tasks were
implemented in the Simulx tool of MonolixTM 2020R1.

Results

Forty volunteers were assessed in the four periods of the bio-
equivalence study. None of the identified adverse events was
serious and all patients who showed unexpected reactions
were treated appropriately and followed up until their health
issue was resolved. Some selected demographic and laborato-
ry data of the study population are presented in Table 2.

Non-linear mixed effect modeling

Depending on the absorption, distribution, and elimination
characteristics, eight sets of structural models were explored
(Fig. 1). As mentioned in the “Methods” section, these struc-
tural models were evaluated considering the plausibility and
the goodness-of-fit criteria. In general, models with simple
absorption (Fig. 1a, b) led to the worst performance, followed
by the models assuming an initial absorption deposit site (Fig.
1c, d). The best results were obtained for models considering a
lag-time in absorption of risedronate (Fig. 1e–h). Finally, the
model that best described the data included lag time in absorp-
tion, two compartments, and elimination from the central
compartment (Fig. 1e). In this structural model, it is
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considered that the central compartment represents blood and
the peripheral compartment represents mainly the bones.

None of the covariates examined, namely, age, weight,
height, BMI, albumin, creatinine, creatinine clearance, alka-
line phosphatase, and calcium, was found to affect
significatively the estimated pharmacokinetic model parame-
ters. Similarly, treatment effect (i.e., the generic or the origi-
nator’s medicine) was not found to exert an impact on any part
of risedronate kinetics. Inter-occasion variability, added to the
volumes of distribution of the central, was found to be signif-
icant and improving all goodness of fit criteria. The residual
error model with the best results was the proportional. The
average model parameters, their between-subject variabilities,
along with the estimation standard errors and residual standard
errors (%) are listed in Table 3. It can be observed that for all

parameters and their inter-individual variabilities, the RSE%
values are less than 18.5%.

The validation plots are also in line with the statistical
criteria indicating the appropriateness of the finally selected
model. Figure 2 illustrates the virtual predictive check (VPC)
plot and the predicted vs. observed (experimental) concentra-
tion values. The VPC plot (Fig. 2a) confirmed that the devel-
oped model can describe the data appropriately, since the ob-
served plasma concentrations lie within the 90% prediction
confidence interval at the 10th and 90th percentiles of the sim-
ulated drug concentrations. Similarly, the predicted vs. ob-
served plot (Fig. 2b) shows that the individual predicted con-
centrations are close to the experimental values (namely, close
to the ideal line of unity), underlining the good predictive
performance of the developed model.

Fig. 1 Structural models
investigated for the description of
risedronate kinetics. For the
characterization of absorption,
three main approaches were used
relying on the concept of simple
first-order kinetics (a, b), the use
of a deposit pre-absorption
compartment (c, d), and the
inclusion of delay (i.e., lag-time)
(e–h). One-, two-, and three-
compartment models were
evaluated assuming one or two
parallel elimination pathways.
Key: Tlag, lag-time; F,
bioavailability fraction; Ka, first-
order absorption rate constant; Cl/
F, apparent clearance; Vc/F,
apparent volume of drug
distribution of the central
compartment; Vp/F: apparent
volume of drug distribution of the
peripheral compartment (tissues);
Vp1/F: apparent volume of drug
distribution of the first peripheral
compartment; Vp2/F: apparent
volume of drug distribution of the
second peripheral compartment;
Q/F: apparent inter-
compartmental clearance; b,
residual error; RSE%, relative
standard error; SE, standard error;
Omega, between subject
variability
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Simulations

The dosage regimens described in Table 1 were simulated for
patients with normal kidney functionality (Fig. 3a) and pa-
tients with impaired renal function (Fig. 3b). In order to make
the graphs easier to compare, all simulation graphs were per-
formed until 12h, regardless of the fact that some dosing
schemes refer to once-daily administration and others to once
a month intake (see Table 1).

Figure 3a clearly reveals that as the administered dose in-
creases, the risedronate plasma levels also rise. Besides, the
increase of renal impairment leads to increases in risedronate
levels and this effect is more pronounced at the higher doses
(Fig. 3b).

Discussion

The structural model found to best describe the risedronate
data refers to a two-compartment model with lag time and
proportional error model (Fig. 1e). Even though, in the
risedronate summary of product characteristics (SmPC), it is
stated that after an oral administration, the concentration-time

profile shows three elimination phases; in this study, a two-
compartment model (i.e., two elimination phases) led to the
best performance [13]. The model quoted in the SmPC was
also investigated in this study and resulted in worse statistical
properties (compared to our final model), due to the fact that it
included more parameters than the one finally selected.

From a semi-mechanistic point of view, a second elimina-
tion route referring to skeleton elimination was initially antic-
ipated. However, in the investigated models, the inclusion of a

Table 1 Risedronate dosage regimens approved by the US FDA and the European Medicines Agency (EMA) [12, 13]

No Indication US FDA EMA

1 Treatment of postmenopausal
osteoporosis

5 mg daily, 35 mg once a week, 75 mg on 2 consecutive
days each month, 150 mg once a month

5 mg daily, 35 mg once a week, 75 mg on 2
consecutive days each month

2 Treatment of osteoporosis in men To increase bone mass: 35 mg once a week At high risk of fracture: 35 mg once a week

3 Treatment to increase bone mass in
postmenopausal women

- 5mg (undergoing long-term)

4 Prevention of postmenopausal
osteoporosis

5mg daily, 35 mg once a week 5mg daily 5mg daily

5 Treatment and prevention of
glucocorticoid-induced osteoporosis

5mg daily -

6 Treatment of Paget’s disease 30 mg daily for 2 months 30 mg daily for 2 months

Table 2 Selected demographic and laboratory data of the study
population (n=40)

Characteristic Valuea

Age (years) 23.0 (19.0−36.0)
Weight (Kg) 60.5 (50.1−77.0)
Height (cm) 169.2 (162.5−179.7)
BMI (Kg/m2) 20.7 (18.5−24.9)
Creatinine clearance (ml/min) 116.8 (99.2−153.7)
Alkaline phosphatase (U/l) 79.1 (4.3−122.0)
Calcium (mg/dl) 9.5 (8.9−10.2)
Albumin (g/dl) 4.9 (4.4−5.2)

a Data shown are mean (range)

Table 3 Estimated pharmacokinetic parametersa of the final best model
describing risedronate kinetics

Parameter Value SE RSE (%)

Fixed effects

Tlag (h) 0.14 0.0058 4.21

Ka (h-1) 0.51 0.02 3.87

Cl/F (l/h) 108.55 16.86 15.53

Vc/F (l) 308.49 30.77 9.97

Q/F (l/h) 516.54 41.83 8.1

Vp/F (l) 41,446.61 6,591.07 15.9

Standard deviation of the random effects

omega_Tlag 0.2 0.037 18.5

omega_ka 0.16 0.027 16.9

omega_Cl 0.67 0.17 25

omega_Vc 0.26 0.039 15.1

omega_Q 0.33 0.049 15

omega_Vp 0.26 0.0437 16.8

gamma_Vc 0.72 0.066 9.15

gamma_Vp 0.6 0.054 8.92

Error model parameters

b 0.25 0.0043 1.71

a Key: Tlag, lag-time; F, bioavailability fraction; Ka, first-order absorp-
tion rate constant; Cl/F, apparent clearance; Vc/F, apparent volume of
drug distribution of the central compartment; Vp/F, apparent volume of
drug distribution of the peripheral compartment (tissues); Q/F, apparent
inter-compartmental clearance; b, residual error; RSE%, relative standard
error; SE, standard error; Omega, between subject variability
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second parallel elimination pathway led to a negligible contri-
bution (maximum value estimated of 1.14 l/h) of this skeleton
elimination compared to the total clearance (i.e., 108.55 l/h).
Thus, only one clearance was finally utilized in the final mod-
el encompassing all routes of elimination. Alternatively, the
physiologically anticipated skeleton elimination can also be
considered part of the relatively high value of inter-
compartmental clearance (i.e., Q/F=516.54 l/h in Table 3)
leading to the very high peripheral distribution of risedronate.
In this context, even though risedronate is highly
hydrosoluble, it was found a very large apparent volume of
distribution in the peripheral compartment (Vp/F =41,446.61
l), which is considered to reflect the high binding capacity of
bones. This fact agrees with the extended distribution of
risedronate, because it binds to hydroxyapatite in bone
throughout the body [7].

In the early 1990s, etidronate studies in humans and other
mammals revealed its very long residence inside the body
[22]. Multi-compartmental approaches were used to explain
etidronate bone disposition and re-absorption, while the inclu-
sion of power-law decay models successfully described eti-
dronate kinetics for up to 1000 days after administration [22].
In general, urine measurements were able to detect BPs years
(which can be as high as 10 years) after treatment discontinu-
ation [7, 23]. In this vein, it was quoted that power functions,
rather than typical exponential decreases, are preferable for the

description of long-term kinetics of BPs [7, 23]. The inclusion
of power-law models is indicative of the necessity to explain
the long-term kinetics of BPs, as in the case of other drugs
with similar properties like amiodarone [24]. The very long
residence (months, years) of BPs is also highlighted for
alendronate, where the half-life was reported to be at least
10 years [25]. In this case, a three-compartment model was
proposed with the central compartment referring to highly
perfused tissues, while the two peripheral compartments as-
cribing to bones and other “non-calcified” tissues. To this
point, it should be highlighted that in our study, C-t data were
available for up to 24h, which is a short time period comparing
to the long residence of risedronate inside the body. Therefore,
it was not possible to capture the multi-compartmental char-
acter of risedronate disposition, and for this reason, the sim-
plest two-compartment model was found to be better than the
three- or four-compartmental models. Plausibly, no power
functions were necessary for the description of kinetics, but
a simple bi-exponential model sufficed.

The data utilized in this population pharmacokinetic anal-
ysis came from a bioequivalence study. Due to the nature of
the bioequivalence trials, which focus mainly on differences
in absorption between two pharmaceutical products, this anal-
ysis had the advantage of utilizing a dense blood sampling
during the absorption phase of risedronate. This allowed us
to study absorption phenomena and elucidate on the

Fig. 2 Diagnostic plots for the goodness-of-fit of the final best model (see
Fig. 1e). a Visual predictive check plot showing the 90% prediction
intervals at the 10th and 90th percentiles of the simulated risedronate
concentrations. Dots and lines refer to the 10th, 50th, and 90th percentile

of the experimental data. b Observed plasma concentration values versus
the individual predicted concentrations from the final model. The diago-
nal line represents the identity
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absorption properties of risedronate. In this context, several
absorption models were explored and the one with the best
ability to describe the concentration-time (C-t) data led to a
model with lag-time. It was found a delay in absorption equal
to 0.14h or equivalently 8.4min, which is in line with the delay
mentioned in the clinical pharmacology and biopharmaceutics
review of risedronate published by the US FDA [26]. This lag
time can be attributed to the low permeability of risedronate
[27].

Nine covariates were tested however none of them showed
to significantly explain the inter-individual variability. In or-
der to avoid the shrinkage phenomenon, the conditional dis-
tribution was used to calculate the random effects employed in
the plots of correlation between random effects and individual
parameters vs. covariates. The latter was done because it con-
siders the uncertainty of the individual parameters, and in that
way, it increases the reliability of diagnostic plots [28].

To the best of our knowledge, no other population pharma-
cokinetic model has been reported for risedronate, so it is not
possible to directly compare our results with other risedronate
models. Nevertheless, Pillai et al. (2004) proposed a
pharmacokinetic-pharmacodynamic model for ibandronate,
which is a N-containing bisphosphonate as in the case of

risedronate. In their study, again, a model with one elimination
pathway was found [29].

Another worth mentioning issue relies on the high diversity
of approved doses for the treatment of osteoporosis.
Simulation plots reveal the resulted high discrepancy of con-
centrations originating from these doses (Fig. 3a). For exam-
ple, the maximum concentration levels range from 3ng/ml
(after 5mg oral administration) up to 78ng/ml (after a 150mg
oral dose). Even though creatinine clearance was not found to
be a significant covariate in the model, simulations were per-
formed to quantify the impact of renal impairment on
risedronate levels. These simulations were performed relying
on the literature evidence that risedronate is eliminated by the
kidneys [12–14]. It should be clarified that in this study, cre-
atinine clearance was not found to exert a significant role in
the model, since the utilized data came from volunteers with
normal kidney function; thus, it was not possible to identify
renal function as a significant covariate. These simulations for
risedronate showed increase of risedronate levels as renal im-
pairment assumed to be more severe (Fig. 3b), which is ex-
pected since risedronate is eliminated by the kidneys.
Currently, the clinical impact of increased risedronate levels
is unclear in the literature, since the ideal concentration of BPs

Fig. 3 Simulated concentration vs. time profiles of risedronate for four
different doses. a The averagemodel parameters estimated in this analysis
are used to simulate doses of 5, 30, 75, and 150mg. b For each dose (solid

lines refer to the subjects with normal renal function), three levels of renal
insufficiency are simulated (from top to bottom: 75%, 50%, and 25%)
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on bone mechanical properties is not completely clear [30]. In
the same vein, the simulations performed in this study do not
suggest that dose-adjustment with renal function is necessary,
but these simulations were only performed to quantify the
extent of increase in the risedronate levels in several levels
of renal insufficiency. The simulations showed that the in-
crease, due to renal insufficiency, is much less pronounced
compared to the differences observed from the different dos-
age regimens. Taking into consideration that no adverse have
been reported relevant to the plasma levels, this finding further
underlines the fact that no dosage adjustment is required in
patients with mild or moderate renal impairment [12, 13, 31].

A restriction of this study relies on the homogeneity of the
tested population, since the volunteers were healthy subjects
not older than 55 years; thus, no pathophysiological-related
covariates could have been assessed. Nevertheless, the effect
of kidney functionality, even though not found as significant
covariate, was explored in the simulations in order to explore
the impact of reduced renal clearance on risedronate plasma
levels. Also, since risedronate pharmacokinetics depends on
binding sites and bone turnover, then its pharmacokinetics
might differ in different pathological conditions [16].
However, it is still questionable whether typical pharmacoki-
netic studies can identify these differences [16]. Another lim-
itation is the short duration of blood sampling after risedronate
administration. In order to capture the long-residence of
risedronate inside the body, due to the slow dissociation and
release from bones, a rather extended blood sampling regimen
would be needed (e.g., for months or even years). However, in
this study, data were available only up to 24h post-dose.
Finally, in the simulations performed in this study, several
doses were utilized. In all these cases, it was assumed that
model parameters remain the same. In particular, this is true
for doses up to 75mg, since it has been reported that absorp-
tion is independent of dose over the range 2.5 to 50mg or up to
75mg on two consecutive days a month [13, 32].

Conclusions

Risedronate exhibits very low plasma levels and long resi-
dence time in the body. Through the development of a popu-
lation pharmacokinetic model, the absorption and disposition
kinetics of risedronate were successfully characterized. Due to
the dense blood sampling scheme, the C-t data used for model
building offered the ability to study absorption kinetics. The
extent of distribution, due to binding in bones, was found to be
remarkably high. No volunteer characteristics were identified
to affect significantly the disposition of risedronate.
Simulations revealed the high discrepancy in the concentra-
tion levels observed after different dosage administrations,
implying the safety profile of risedronate. In simulated

patients with renal impairment, the blood levels of risedronate
are increased, but not in an extent requiring dose adaptation.
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