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Abstract
Background and Objective  Dapagliflozin, a sodium-glucose co-transporter inhibitor, was originally developed as an oral 
glucose-lowering drug for the treatment of type 2 diabetes mellitus. Emerging data suggest that cardiovascular and kidney 
benefits extend to patients without diabetes. Limited pharmacological data are, however, available in patients without dia-
betes. We aimed to characterise the pharmacokinetic profile of dapagliflozin in patients with chronic kidney disease without 
type 2 diabetes.
Methods  Plasma samples were collected in a randomised, placebo-controlled, double-blind, cross-over trial (DIAMOND, 
NCT03190694, n = 53) that assessed the effects of 10 mg of dapagliflozin in patients with a glomerular filtration rate ≥ 25 
mL/min/1.73 m2 and proteinuria > 500 mg/day. Mixed-effects models were used to develop a pharmacokinetic model and 
to evaluate the association between plasma exposure and response.
Results  Plasma concentrations (n = 430 observations) from 48 patients (mean age 50.8 years, mean glomerular filtration rate 
57.9 mL/min/1.73 m2, median proteinuria 1115 mg/24 h) were best described using a two-compartment model with first-order 
elimination. Apparent clearance and volume of distribution were 11.7 (95% confidence interval 10.7–12.7) L/h and 44.9 
(95% confidence interval 39.0–50.9) L, respectively. Median dapagliflozin plasma exposure was 740.9 ng h/mL (2.5th–97.5th 
percentiles: 434.0–1615.3). Plasma exposure increased with decreasing kidney function. Every 100-ng h/mL increment in 
dapagliflozin plasma exposure was associated with a decrease in the urinary albumin:creatinine ratio (β = − 2.8%, p = 0.01), 
glomerular filtration rate (β = − 0.5 mL/min/1.73 m2, p < 0.01) and systolic blood pressure (β = − 0.4 mmHg, p = 0.03).
Conclusions  The dapagliflozin plasma concentration–time profile in patients with non-diabetic kidney disease appears 
similar to the profile of patients with diabetic kidney disease described in the literature. Furthermore, the plasma exposure 
was associated with changes in risk markers for kidney disease.

1  Introduction

Sodium-glucose co-transporter 2 (SGLT2) inhibitors were 
originally developed as oral anti-diabetic drugs that lower 
plasma glucose and glycated haemoglobin by promoting 
urinary glucose excretion [1, 2]. In addition to improving 

glycaemic control, SGLT2 inhibitors exert beneficial effects 
on risk markers for kidney disease, such as body weight, sys-
tolic blood pressure and albuminuria [3, 4]. Large outcome 
trials have shown that SGLT2 inhibitors improve cardiovas-
cular outcomes and delay the progression of kidney function 
decline in patients with type 2 diabetes mellitus and chronic 
kidney disease [5, 6]. These clinical benefits are unlikely 
explained by improvements in glycaemic control alone and 
are thought to be the result of direct effects on kidney and 
systemic vascular haemodynamics [7]. This suggests that 
SGLT2 inhibitors may also have beneficial effects in patients 
without diabetes with cardiovascular or kidney disease.

Annemarie B. van der Aart-van der Beek and Jeroen V. Koomen 
contributed equally to the article.

 *	 Hiddo J. L. Heerspink 
	 h.j.lambers.heerspink@umcg.nl

Extended author information available on the last page of the article

http://orcid.org/0000-0003-1473-3259
http://crossmark.crossref.org/dialog/?doi=10.1007/s40262-020-00956-1&domain=pdf


	 A. B. van der Aart‑van der Beek et al.

As SGLT2 inhibitors were originally developed for the 
treatment of type 2 diabetes, earlier pharmacokinetic and 
dose-finding studies focused on characterising the pharma-
cokinetics and pharmacodynamics of SGLT2 inhibitors in 
patients with type 2 diabetes with or without kidney dis-
ease [8]. These studies revealed that the plasma exposure of 
SGLT2 inhibitors increased in patients with impaired kidney 
function [9–12]. In contrast, pharmacodynamic effects of 
SGLT2 inhibitors on glucose excretion were attenuated in 
patients with impaired kidney function due to less glucose 
filtration [9–12]. The effects on body weight and blood pres-
sure appear to be preserved [13].

Emerging data suggest that the benefits of SGLT2 inhibi-
tors on kidney outcomes likely extend to patients without 
diabetes as well [14–17]. The DAPA-HF (Dapagliflozin 
And Prevention of Adverse Outcomes in Heart Failure) and 
DAPA-CKD (Dapagliflozin And Prevention of Adverse Out-
comes in Chronic Kidney Disease) trials assessed the effects 
of the SGLT2 inhibitor dapagliflozin in broad cohorts of 
patients with heart failure or chronic kidney disease, respec-
tively [15, 17]. Patients with or without type 2 diabetes par-
ticipated in both trials [18]. Given the favourable results of 
the aforementioned outcome trials, it is likely that SGLT2 
inhibitors will be prescribed in a large cohort of non-diabetic 
patients. In the design of these trials, it was assumed that 
the pharmacokinetic profile of SGLT2 inhibitors in patients 
without diabetes is similar to that in patients with diabetes. 
However, empirical data confirming this assumption are 
lacking.

We therefore aimed to characterise the pharmacokinetic 
profile of the SGLT2 inhibitor dapagliflozin in patients with 
non-diabetic kidney disease. Subsequently, we investigated 
the association between dapagliflozin plasma exposure and 
several risk markers for kidney disease.

2 � Methods

2.1 � Study Design and Patient Population

Data were used from the “Effects of the SGLT2 inhibitor 
dapagliflozin on proteinuria in non-diabetic patients with 
chronic kidney disease” (DIAMOND) trial (NCT03190694), 
a randomised, placebo-controlled, double-blind, cross-over 
trial that assessed the kidney protective effects of dapagli-
flozin in non-diabetic patients with albuminuria. The study 
design and primary results have been reported elsewhere 
[19]. In short, the DIAMOND trial enrolled 53 participants 
with non-diabetic kidney disease, characterised by 24-h 
urinary protein excretion > 500 mg/day and ≤ 3500 mg/
day, and an estimated glomerular filtration rate (eGFR) ≥ 25 
mL/min/1.73 m2. Participants had to be treated with a sta-
ble dose of an angiotensin-converting enzyme inhibitor or 

angiotensin II receptor blocker for at least 4 weeks prior to 
enrolment. Participants were randomly assigned, in a cross-
over design, to placebo followed by dapagliflozin 10 mg 
once daily, or dapagliflozin 10 mg once daily followed by 
placebo. Each treatment period lasted 6 weeks, followed 
by a 6-week wash-out period to avoid carry-over effects. 
The primary endpoint of the trial was 24-h proteinuria and 
secondary endpoints included body weight, measured glo-
merular filtration rate (mGFR), systolic blood pressure and 
urinary albumin-to-creatinine ratio (UACR). The study was 
performed in accordance with the Declaration of Helsinki 
and good clinical practice guidelines and participants gave 
their written informed consent before any study-specific pro-
cedure commenced.

2.2 � Measurements

Twenty-four-hour urine was collected to monitor proteinuria 
at the start and end of each treatment period. Body weight 
and systolic blood pressure were recorded at every visit to 
the clinic. Measured glomerular filtration rate was estimated 
by determining the plasma clearance of non-radioactive 
iohexol at the beginning and end of each treatment period. 
At the end of the treatment period, during GFR measure-
ment, plasma samples of dapagliflozin were collected 
pre-dose, and every 30 min for 4 h after administration of 
dapagliflozin or placebo. Actual sampling and dosing times 
were recorded. The plasma concentration of dapagliflozin 
was measured using a liquid chromatography–tandem mass 
spectrometry method, which has been described elsewhere 
[20]. This bioanalytical method was validated for selectivity, 
linearity, accuracy and precision, dilution integrity, stability 
and recovery. The accuracy was between 94.6 and 101.0% 
and precision (coefficient of variation) was between 0.0 and 
13.7%.

2.3 � Estimation of Individual Exposure 
to Dapagliflozin

A population pharmacokinetic model was used to estimate 
individual plasma exposure to dapagliflozin. Non-linear 
mixed-effects models were used to develop this population 
pharmacokinetic model. Model development was conducted 
using NONMEM version 7.3.0 (ICON Development Solu-
tions, Ellicott City, MD, USA).

Different structural models with linear absorption and 
elimination processes were evaluated, including one- and 
two-compartment models with and without a lag time. 
Furthermore, the inclusion of transit compartments in the 
model to describe the absorption phase was also explored. 
A log-normal distribution was assumed for the inclusion 
of random effects in the stochastic model. Covariance 
between random effects was also evaluated. Additive, 
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proportional and combined error models were explored 
to describe the residual variability. Covariate screening 
was performed for age, sex, race, ethnicity, eGFR, mGFR, 
body weight and region. We used correlation matrices of 
the empirical Bayes estimates of the parameters vs covari-
ates to evaluate potential relationships. For discrete covari-
ates, separate population parameters were estimated. For 
body weight, allometric scaling normalised by 70 kg was 
explored and, for other continuous covariates, the covari-
ate was median normalised and a power coefficient was 
estimated.

First-order conditional estimation with interaction was 
used to obtain model parameters. Model selection and evalu-
ation were based on the minimum objective function value 
(MOFV), standard goodness-of-fit plots, condition number, 
residual standard error of parameter estimates, and coeffi-
cient of variation of the random effects representing residual 
and random variability [21]. The predictive performance of 
the model was evaluated using a visual predictive check.

2.4 � Evaluation of the Association between Exposure 
and Kidney Response

Risk markers of interest were proteinuria, UACR, mGFR, 
systolic blood pressure and body weight, which are well-
known risk markers for progression of kidney disease. The 
individual change from baseline was estimated for all risk 
markers in both the placebo as well as the active treatment 
period. For proteinuria and UACR, the change from baseline 
was log-transformed to approximate a normal distribution.

Using the population pharmacokinetic model, the plasma 
exposure, defined as the area under the plasma concentra-
tion–time curve (AUC​0–inf), was estimated by dividing the 
10-mg dose by the individual apparent clearance param-
eter. The association between exposure to dapagliflozin, 
in terms of AUC​0–inf, and response was investigated using 
linear mixed-effects models. A random intercept model was 
fitted to the data to estimate the placebo response of each 
individual patient, which was compared to a random inter-
cept model including AUC​0–inf as fixed effect. A model com-
parison was performed using a likelihood ratio test, which 
assumes a chi-square distribution. A significant increase in 
the maximum likelihood indicates that the addition of AUC​
0–inf to the model explains residual and/or between-patient 
variability. Furthermore, a t test was performed to evalu-
ate whether the fixed regression coefficient of AUC​0–inf was 
significantly different from zero. All linear mixed-effects 
models were fitted using full maximum-likelihood estima-
tion. The linear mixed-effects models were fitted using the 
lme function of the nlme package (version nlme_3.1-131) 
in R version 3.4.2 (R Foundation for Statistical Computing, 
Vienna, Austria).

3 � Results

3.1 � Estimation of Plasma Exposure

In total, 477 plasma samples were collected in 51 of the 53 
patients in the active treatment period. Of these, 47 samples 
were excluded based on: missing sampling times (n = 27 
samples), missing dosing time (n = 9 samples), patient did 
not take medication during the study visit (n = 9 samples) 
and dapagliflozin concentration below the lower limit of 
quantification (n = 2 samples). This resulted in the inclusion 
of 430 samples from 48 patients in the population pharma-
cokinetic analysis. The demographics of patients included 
in the population pharmacokinetic analysis are presented 
in Table 1.

A two-compartment model with first-order elimina-
tion best described the plasma-concentration–time profile 
of dapagliflozin (Table 2). A number of transit compart-
ments were estimated in the model to adequately describe 
the absorption phase. The stochastic model included inter-
individual variability on multiple parameters of the struc-
tural model. The residual variability was best described 
assuming a proportional error model. Body weight was 
implemented in the model assuming allometric scaling with 
fixed power coefficients, which significantly improved the 
model fit (− 26.9 ΔMOVF). Furthermore, kidney function 

Table 1   Baseline demographics of patients included in the analysis

Continuous variables are displayed as mean (standard deviation) or 
median [interquartile range]
eGFR estimated glomerular filtration rate, HbA1c glycated haemoglo-
bin, mGFR measured glomerular filtration rate, UACR​ urinary albu-
min-to-creatinine ratio, UPCR urinary protein-to-creatinine ratio

Patient demographics N = 48

Age (years) 50.8 (± 13.8)
Sex (male) 33 (68.8%)
Race
 Caucasian 27 (56.3%)
 Asian 14 (29.2%)
 Hispanic or Latino 2 (4.2%)
 Other 5 (10.4%)

Body weight (kg) 81.0 (± 20.2)
eGFR (mL/min/1.73 m2) 57.9 (± 28.2)
mGFR (mL/min/1.73 m2) 53.2 (± 22.0)
UPCR (mg/mmol) 94.3 [59.5–138.2]
Proteinuria (mg/24 h) 1115.0 [735.0–1587.5]
UACR (mg/mmol) 72.3 [43.8–107.6]
Haemoglobin (g/L) 136.8 (± 19.5)
Haematocrit (L/L) 0.41 (± 0.05)
HbA1c (%) 5.6 (± 0.4)
Systolic blood pressure (mmHg) 126.5 (± 15.2)
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significantly influenced the pharmacokinetics of dapagliflo-
zin. The mGFR explained variability in the apparent clear-
ance of dapagliflozin from the central compartment and 
reduced MOFV by − 28.1. In comparison, the eGFR also 
explained variability in the apparent clearance of dapagliflo-
zin from the central compartment, but the improvement in 
model fit was less compared with mGFR (MOFV changed 
by − 19.3). Therefore, mGFR was included in the final 
model (ΔMOFV mGFR vs eGFR = 8.8, p < 0.01).

The population parameters of the pharmacokinetic model 
were estimated with good precision (relative standard error 
< 23.6%). The condition number of the model was 5.4, indi-
cating that the model was stable. Furthermore, the popula-
tion pharmacokinetic model was able to capture both the 
individual and central trend of the data (Fig. 1). Shrink-
age was in general acceptable, but a relatively high shrink-
age was observed for the number of transit compartments 
(42.2%).

3.2 � Influence of Covariates on Plasma Exposure

The population parameters of the central compartment 
were 11.7 (95% confidence interval 10.7–12.7) L/h for 
apparent clearance and 44.9 (39.0–50.9) L for the appar-
ent volume of distribution. The median dapagliflozin AUC​
0–inf after a 10-mg dose was estimated to be 740.9 ng h/
mL (2.5th–97.5th percentiles: 434.0–1615.3). Dapagliflo-
zin exposure was higher in patients with impaired kidney 
function and in patients with lower body weights. The 
predicted median dapagliflozin AUC​0–inf range was from 
539.2 (483.5–600.4) ng h/mL in participants of 70 kg with 
mGFR 90 mL/min/1.73 m2 to 1566.1 (1348.4–1855.4) ng h 
/mL in participants of 70 kg with mGFR 15 mL/min/1.73 
m2 (Fig.  2). The predicted median dapagliflozin AUC​
0–inf range was from 1100.3 (1016.1–1204.1) ng h/mL in 

participants of 50 kg with mGFR 50 mL/min/1.73 m2 to 
483.0 (445.5–527.8) ng h/mL in participants of 150 kg with 
mGFR 50 mL/min/1.73 m2 (Fig. 2).

3.3 � Evaluation of the Association between Exposure 
and Kidney Response

The individual change from baseline for all risk markers in 
both the placebo as the active treatment period is displayed 
in Table 3. Figure 3 shows the exposure–response relation-
ship between dapagliflozin and UACR, mGFR, systolic 

Table 2   Population pharmacokinetic parameter estimates

CV coefficient of variation, IIV interindividual variability, mGFR measured glomerular filtration rate, N/E not estimated, RSE relative standard 
error

Structural model Symbol Estimate RSE (%) IIV (CV%) RSE (%) Shrinkage (%)

Apparent clearance from central compartment (L/h) CL/F 11.7 4.3 24.1 10.5 4.2
Apparent volume of distribution for central compartment (L) V2/F 44.9 6.8 41.1 16.1 11.2
Apparent intercompartmental clearance (L/h) Q/F 18.0 8.7 39.2 21.4 20.9
Apparent volume of distribution for peripheral compartment (L) V3/F 102.2 8.2 N/E N/E N/E
Mean transit time (h−1) MTT 0.6 9.5 68.8 13.5 13.7
Number of transit compartments (n) NN 6.6 23.6 142.1 25.2 42.4

Covariate effects Estimate RSE (%)

mGFR (mL/min/1.73 m2) 0.6 9.8

Residual error Estimate (CV%) RSE (%)

Proportional (%) 12.5 15.0

Fig. 1   Visual predictive check of the dapagliflozin population phar-
macokinetic model. The points represent the observations of dapa-
gliflozin plasma concentrations. Solid and dashed lines represent the 
observed 10th, 50th and 90th percentiles for all observations and the 
shaded area represents the 95% confidence interval for the 10th, 50th 
and 90th percentiles of the model predictions
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blood pressure and body weight. It was estimated that every 
100-ng h/mL increment in dapagliflozin AUC​0–inf is associ-
ated with a decrease in UACR (β = − 2.79 %, p = 0.01), 
mGFR (β = − 0.54 mL/min per 1.73 m2, p < 0.01), sys-
tolic blood pressure (β = − 0.39 mmHg, p = 0.03), body 
weight (β = − 0.14 kg, p = 0.07) and proteinuria (β = 0.00%, 
p = 0.69).

4 � Discussion

We developed a population pharmacokinetic model that ade-
quately described the individual plasma concentration–time 
profile of dapagliflozin in patients with non-diabetic kidney 
disease. We found that plasma exposure to dapagliflozin 
was higher in patients with impaired kidney function and in 
patients with relatively low body weight. Furthermore, we 
demonstrated that individual dapagliflozin plasma exposure 

was associated with changes in UACR, mGFR and systolic 
blood pressure.

As there is increasing interest in the use of dapagliflozin 
and other SGLT2 inhibitors in patients without diabetes with 
cardiovascular or kidney disease, it is important to charac-
terise the plasma concentration–time profile of dapagliflozin 
in patients without diabetes and assess whether this profile 
is comparable to patients with diabetes. A population phar-
macokinetic model for dapagliflozin in patients with type 2 
diabetes and chronic kidney disease has been described by 
van der Walt et al., who reported that a two-compartment 
structural model, with first-order elimination and usage of 
multiple transit compartments for the absorption phase, best 
described the data [22]. Similar to the model of van der Walt 
et al., the individual plasma concentration–time profiles in 
patients without diabetes were also best described using a 
two-compartment model with first-order elimination, and 
multiple transit absorption compartments. Additionally, the 
estimated model parameters of the structural model are in a 

Fig. 2   Influence of kidney function and body weight on dapagliflozin 
plasma exposure. The points represent the estimated plasma exposure 
(area under the plasma–concentration time curve [AUC​0–inf]) per indi-
vidual normalised by the estimated plasma exposure (AUC​0–inf) of a 

70-kg individual (left plot) or normalised by a measured glomerular 
filtration rate (GFR) of 50 mL/min/1.73 m2 (right plot). The line and 
shaded area represent the population mean and 95% confidence inter-
val

Table 3   Observed change from 
baseline for urinary albumin-
to-creatinine ratio (UACR), 
measured glomerular filtration 
rate (mGFR), systolic blood 
pressure and body weight 
stratified by treatment (n = 48)

Changes are represented as mean (2.5th–97.5th percentiles), except for proteinuria and UACR, which are 
represented as median [interquartile range] to account for the log-normal distribution

Parameter Placebo Dapagliflozin

Proteinuria (%) − 23.0 [− 35.7 to 6.4] − 10.1 [− 34.8 to 5.4]
UACR (%) − 5.3 [− 32.4 to 14.4] − 22.2 [− 50.1 to − 2.6]
mGFR (mL/min/1.73 m2) 0.2 (− 8.6 to 12.0) − 6.2 (− 15.6 to 1.0)
Systolic blood pressure (mmHg) − 2.4 (− 27.2 to 11.9) − 6.4 (− 32.7 to 7.8)
Body weight (kg) 0.4 (− 2.6 to 4.3) − 1.1 (− 3.8 to 1.1)
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similar range (apparent clearance 11.7 L/h vs approximately 
10.5 L/h in the model of van der Walt et al.), indicating 
that both models are quite comparable. Indeed, the mean 
estimated exposure to dapagliflozin that we found with our 
model in patients without diabetes is similar to the estimated 
exposure reported by van der Walt et al. in diabetic patients 
[22]. It can therefore be concluded that the plasma concen-
tration–time profile of dapagliflozin in patients without dia-
betes is comparable to those with diabetes.

The variability between patients in the individual plasma 
concentration–time profiles after administration of 10 mg of 
dapagliflozin was high. The between-patient variability in 

the plasma concentration–time profile was in part explained 
by differences in kidney function and body weight between 
patients. The model predicted that dapagliflozin plasma 
exposure nearly doubled in patients with mGFR of 30 mL/
min/1.73 m2 and nearly tripled in patients with mGFR of 15 
mL/min/1.73 m2 compared with patients with normal kid-
ney function. These estimates are consistent with pharma-
cokinetic studies in patients with type 2 diabetes and kidney 
impairment [11]. Kidney function and body weight were 
also identified in the population pharmacokinetic model of 
van der Walt et al. as significant predictors for individual 
plasma exposure [22]. An advantage of our study was that 

Fig. 3   Relationship between exposure and response at week 6. Obser-
vations (black circle), reflected as change from baseline, are plotted 
vs the area under the plasma concentration–time curve (AUC​0–inf). 
The dotted gray lines represent the individual difference between pla-

cebo and active treatment vs AUC​0–inf. The dotted blue line represents 
the population difference between placebo and active treatment vs 
AUC​0–inf. GFR glomerular filtration rate
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we measured GFR by iohexol plasma clearance whereas 
other studies have used less precise serum creatinine-based 
equations to estimate GFR. Measured glomerular filtra-
tion rate is considered to be a more accurate marker of the 
actual kidney function than eGFR and thus provides a bet-
ter estimate of the influence of kidney function on plasma 
exposure [23]. Indeed, in our model, dapagliflozin plasma 
concentrations were better described with mGFR compared 
with eGFR.

In the present study, we demonstrate that the plasma 
exposure to dapagliflozin is associated with beneficial 
changes in risk markers for kidney disease in patients with 
non-diabetic kidney disease. A higher plasma exposure to 
dapagliflozin is associated with a more pronounced decrease 
in UACR, mGFR and systolic blood pressure. Additionally, 
a trend for a decrease in body weight with increased expo-
sure was observed. These findings are in keeping with those 
previously reported in patients with type 2 diabetes and sug-
gests dapagliflozin has an effect on these risk markers [24, 
25]. Dapagliflozin did not decrease proteinuria in the DIA-
MOND trial [19]. Between-patient variability in proteinuria 
change was also not associated with dapagliflozin plasma 
exposure. In contrast, the statistically significant associa-
tion between exposure and UACR response suggests that the 
reduction in UACR in the DIAMOND trial is real. The lack 
of an association between plasma exposure and proteinuria 
response, in contrast with the association between plasma 
exposure and albuminuria response, suggests that albuminu-
ria might be a more suitable risk marker for detecting drug 
effects in patients with kidney disease.

Based on our models, patients with impaired kidney func-
tion have a higher plasma exposure to dapagliflozin and are 
therefore expected to have more pronounced effects on risk 
markers for kidney disease as compared with patients with-
out impaired kidney function. Dapagliflozin is filtered by 
the kidney and binds to the SGLT2 transporter located in 
the apical membrane of the proximal tubule [26]. The total 
amount of filtered dapagliflozin decreases in patients with 
impaired kidney function, which could result in a decrease in 
dapagliflozin concentration in the kidney. However, patients 
with impaired kidney function have fewer numbers of func-
tioning nephrons, which balances the decrease in filtered 
dapagliflozin and may even lead to an increase in dapagli-
flozin in the proximal tubule. Furthermore, dapagliflozin is 
metabolised in both the liver and kidney to pharmacologi-
cally inactive dapagliflozin 3-O-glucuronide by UGT1A9. 
The ratio between dapagliflozin and its metabolite is reduced 
in patients with kidney impairment [22, 27]. This suggests 
that dapagliflozin metabolism in the kidney is also decreased 
in patients with kidney disease, which seems plausible as 
UGT1A9 expression is eight-fold higher in the kidney as 
compared with the liver [22]. The concentration of dapa-
gliflozin could therefore locally be increased in patients 

with kidney impairment, which could explain the more pro-
nounced effects of dapagliflozin on risk markers for kidney 
disease. Unfortunately, we were not able to measure dapagli-
flozin 3-O-glucuronide concentrations, thus this possibility 
needs to be further explored in future studies.

This study has a number of limitations. First, all par-
ticipants were treated with dapagliflozin 10 mg. Therefore, 
our analysis is limited to explaining variability in kidney 
response between patients and cannot be used to make any 
dosing recommendations for patients with impaired kidney 
function. Second, model parameters were estimated with 
reasonable precision, but shrinkages in the parameters for 
the transit compartment were relatively high. This was also 
observed for patients with diabetic kidney disease [22]. 
This is most likely caused by a relatively low amount of 
plasma samples that were collected in the absorption phase 
of patients that demonstrated a relatively fast absorption. 
Consequently, the model should not be used to predict the 
maximum concentration. Third, no data were available of 
patients with very low kidney function (mGFR ≤ 20 mL/
min/1.73 m2). The predicted effects in patients with severe 
kidney impairment might therefore be overestimated in our 
model. Additional data are needed to draw definitive con-
clusions for this subgroup of patients. Fourth, we did not 
measure plasma metabolites nor urine concentrations of both 
the parent and metabolite and were thus unable to estimate 
absolute bioavailability. Finally, it should be noted that our 
pharmacokinetic model has not been externally validated.

5 � Conclusions

We developed a pharmacokinetic model that adequately 
estimated the plasma exposure of the SGLT2 inhibitor 
dapagliflozin in patients with non-diabetic kidney disease. 
The plasma concentration–time profile of dapagliflozin in 
patients with non-diabetic kidney disease appears to be com-
parable to patients with diabetic kidney disease. Further-
more, dapagliflozin plasma exposure was associated with 
several risk markers for kidney disease. These findings sug-
gest that the clinically used doses of 10 mg of dapagliflozin 
can also be used in patients without diabetes.
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