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Abstract 

Aims: Impaired renal function is a frequent complication in patients with type 2 diabetes 

mellitus (T2DM). The goal of this study was to investigate the effect of renal impairment on 

incretin metabolism in patients with T2DM before and after treatment with the dipeptidyl 

peptidase-4 (DPP-4) inhibitor linagliptin. 

Materials and methods: Long-standing T2DM patients with normal 

(eGFR>90ml/min/1.73m²) and impaired (eGFR<60ml/min/1.73m²) renal function on stable 

treatment with insulin were included. Before and after eight days of treatment with 5mg 

linagliptin once daily, patients underwent an 75g oral glucose test (OGTT) and total and intact 

GLP-1 and GIP, glucose, insulin, C-peptide, and glucagon concentrations were measured. 

Primary outcome parameter was the difference between the study groups in change of intact 

GLP-1 concentrations 

Results: Of 115 patients screened, 29 were analysed (15(51.7%) with and 14(48.3%) without 

renal impairment). Renal function differed significantly between the groups (101±11 vs. 47±13 

ml/min/1.73m², p<0.0001) while glycaemic control was similar (HbA1C 7.9±0.6 vs. 7.7±0.6 %, 

p=0.45). Baseline GLP-1 and GIP levels were comparable. Glucose concentrations during the 

OGTT were significantly lowered by linagliptin treatment in patients with renal impairment 

(p=0.017), but not in those with normal renal function (p=0.17). Treatment with linagliptin 

resulted in a significant increase in intact GLP-1 and GIP levels in patients with normal 

(p=0.048 and p=0.0001, respectively) and impaired (p=0.040 and p=0.0011, respectively) renal 

function during OGTT. However, the primary outcome parameter (difference between the 

groups in change of intact GLP-1 concentrations) was not significant (P=0.22). Overall, 

linagliptin was well tolerated.  

Conclusions: Treatment with linagliptin increases intact incretin levels in patients with T2DM. 

Impaired renal function does not compromise the effects of linagliptin on active or total incretin 

levels as well as on glucagon secretion. Thus, treatment with linagliptin is suitable for patients 

with T2DM, independently of renal function.  
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Introduction 

It is estimated that around 50 percent of patients with type 2 diabetes mellitus (T2DM) develop 

renal impairment 1. Worsening in renal function in T2DM not only causes a significant increase 

in the overall morbidity and mortality, but also leads to a restriction of pharmacological options 

and makes blood glucose control even more challenging 2-4. Glucagon-like-peptide 1 (GLP-1) 

and gastric inhibitory polypeptide (GIP) are important incretin hormones, which play an 

important role in controlling postprandial glucose homoeostasis 5-7. Under physiological 

conditions, both hormones undergo rapid proteolytic inactivation at the NH2-terminius by the 

enzyme dipeptidyl-peptidase 4 (DPP-4), generating the fragments GLP-1 (9-36 amide) and GIP 

(3-42) 8,9. Pharmacological inhibitors of this enzyme (DPP-4 inhibitors) have been shown to 

improve blood glucose control by increasing the plasma levels of active GLP-1 and GIP 10,11. 

Several DPP-4 inhibitors have been approved for lowering glucose concentrations in patients 

with T2DM. Linagliptin is a DPP-4 inhibitor characterized by minimal renal clearance. 

Accordingly, linagliptin is approved for the treatment of T2DM in patients with and without 

impaired renal function. In contrast to other DPP-4 inhibitors, which require dose reduction in 

patients with renal impairment, linagliptin can be used without dose adjustments at all stages 

of chronic kidney disease (including a glomerular filtration rate (eGFR) <15 ml/min/1.73 m2) 

12. The initial degradation of GLP-1 and GIP is mediated by DPP-4, but the final elimination of 

the proteolytic fragments GLP-1 (9-36 amide) and GIP (3-42) takes place in the kidneys and 

thus is dependent on renal function 5,13,14. Indeed, a previous study has reported an accumulation 

of GLP-1 (9-36) amide and GIP (3-42) after both an oral glucose load and after intravenous 

infusion of the hormones GLP-1 and GIP in patients with renal insufficiency 13. Considering 

increased plasma concentrations of the metabolites of GIP and GLP-1 in patients with declining 

renal function, higher levels of active GIP and GLP-1 after treatment with DPP-4 inhibitors can 
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be hypothesized, which might further improve glycaemic control in such patients with chronic 

kidney disease.  

Therefore, in the present study, we addressed the following questions: (1) Do patients with renal 

impairment exhibit higher levels of active GIP and GLP-1 after linagliptin treatment and, if so, 

(2) does this lead to greater reductions of glycaemia compared to insulin-treated subjects with 

T2DM without renal impairment. 

 

Methods 

Study design. The present study was a bi-centric, randomized, prospective, open-label trial 

comparing the effects of linagliptin on GLP-1 and GIP plasma levels in subjects with T2DM 

and renal impairment compared to subjects with T2DM and preserved function. Primary 

outcome parameter was the difference between the study groups in change of intact GLP-1 

concentrations during an 75g oral glucose challenge from baseline to after treatment. 

Study participants. To be eligible for the study, patients had to be diagnosed with T2DM 

according to WHO classification and treated with an ongoing insulin therapy (consisting of 

basal and/or rapid-acting insulin with meals) on a stable regimen for the previous 6 weeks 

(Table 1). HbA1c had to be in the range of 7.0 to 9.5 %. Major exclusion criteria included a 

diagnosis of type 1 diabetes mellitus, a history of pancreatitis, uncontrolled hypertension 

defined as systolic blood pressure >160 mmHg, and/or diastolic blood pressure >95 mmHg. 

Because of possible interference with GLP-1 and GIP levels 15-17, patients treated with 

metformin, DPP-4 inhibitors, or GLP-1 analogues within six weeks prior to the study were also 

excluded. Insulin was allowed to reduce the risk of hyperglycaemia. According to sample size 

calculation, it was intended to enrol 15 subjects with normal renal function (defined as eGFR 
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of > 90ml/min/1.73 m² according to modification of diet in renal disease (MDRD) formula), 

and 15 subjects with impaired renal function (defined as eGFR < 60 ml/min/1.73 m²). 

Study procedures. Before enrolment, each subject attended a pre-screening visit (V0) for 

informed consent and a screening visit (V1) for the verification of inclusion and exclusion 

criteria. Before and after treatment with 5mg linagliptin daily, eligible subjects underwent to an 

oral glucose tolerance test (OGTT). The OGTT was performed on the day before treatment 

initiation and on the last day of treatment with linagliptin. Participants were asked to refrain 

from alcohol, coffee, tea, chocolate or beverages containing methylxanthine, strenuous physical 

exercise, and any prescription medication or non-prescription medication (other than the study 

drug and insulin) for at least 24 hours prior to each test visit. On the evenings before the OGTT, 

subjects were asked to consume a standardised meal. The same meal was to be consumed by 

the same subject at the evenings before the OGTT while the meals could vary between subjects 

if they were isocaloric and contained the same amount of carbohydrates, lipids and proteins. 

On the day of the test visits, subjects had to withhold insulin administration in the morning. 

Basal insulin administration was allowed until the morning preceding the OGTT. During the 

day before the test visits, subjects were instructed to use short-acting insulin for the treatment 

of hyperglycaemia. Subjects treated only with basal insulin were instructed to the use of short-

acting insulin in the case pf hyperglycaemia. The insulin treatment of trial participants was 

otherwise kept constant throughout the trial. Down-titration of insulin was allowed in case of 

hypoglycaemia. 

At 5 and 1 minutes before, and 15, 30, 45, 60, 90, 120, 150, 180, 210, and 240 minutes after a 

75g oral glucose challenge, blood samples were drawn for the measurement of blood glucose, 

total and intact GLP-1 and GIP, insulin, C-peptide, and glucagon. After eight days of linagliptin 

treatment, the OGTT was repeated in the same manner and the registered parameters were 

compared to baseline and between the study groups.  
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Blood sample processing. Blood glucose was immediately analysed at each site with a glucose 

oxidase method using the Super GL glucose analyser (Dr. Müller Gerätebau GmbH, Freital, 

Germany). Insulin and C-peptide plasma concentrations were determined using a commercial 

electrochemiluminescence immunoassay (ECLIA) test kit (Roche Diagnostics, Mannheim, 

Germany) for Elecsys and Cobas e immunoassay analysers. GIP, GLP-1, and glucagon plasma 

concentrations were determined using validated assays at the Panum Institute, Copenhagen, 

Denmark. Details of the assays used have been published previously elsewhere 9,18-23. In 

summary, intact (active) and total GIP concentrations were analysed by a radioimmunoassay 

(RIA). Total GLP-1 was analysed using C-terminally directed polyclonal antibody 19. Intact 

(active) GLP-1 concentrations were analysed with a 2-site sandwich RIA assay using two 

monoclonal antibodies, modified from a method previously described 21. 

Statistical analysis and sample size. Subject characteristics are reported as mean ± SD and 

results as mean ± SEM. Statistical calculations were carried out using Statistica (data analysis 

software system), version 13.5 for Windows (TIBCO Software Inc., Palo Alto, California USA, 

http://tibco.com) and GraphPad Prism version 9.1.0 for Windows (GraphPad Software, San 

Diego, California USA, www.graphpad.com). Analysis of time course measurements was 

carried out using a general linear model considering the repeated measurement over time. From 

this analysis, three different p-values were derived: (1) For overall difference between baseline 

and post-treatment experiment; (2) for differences over the time course; (3) for the interaction 

of experiment and time course. If a significant (P<0.05) interaction between experiment and 

time was documented, values at single time points were compared by post hoc tests. Patient 

characteristics were compared by one-way ANOVA. A p-value < 0.05 was taken to indicate a 

significant difference. 

Sample size was based on a previous trial examining plasma incretin levels in non-diabetic 

subjects with renal impairment 13. Assuming a similar variability, 15 subjects were required to 
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achieve a power of 80% for detecting a significant difference of the primary efficacy variable 

(change of intact GLP-1 concentrations during an 75g oral glucose challenge from baseline to 

after treatment) between groups at a significance level of 0.05. 

Ethical considerations. The present bi-centric trial was conducted according to the declaration of 

Helsinki 24 and approved by the responsible ethics committees. According to the requirement of 

the local ethics committee, all participants gave written informed consent and were fully 

informed on the purpose of the study including the risk of hypoglycaemia. The trial was 

registered in advance (ClinicalTrials.gov Identifier: NCT01903070, EudraCT number: 2013-

000364-28). 

 

Results 

Of 115 subjects with T2DM screened, 31 were included in the trial (15 subjects with normal 

renal function and 16 subjects with impaired renal function). One subject in the renally impaired 

group was withdrawn before first trial product administration due to the diagnosis of a 

hepatocellular carcinoma. One patient in the normal renal function group was excluded from 

the analysis because of C-peptide concentrations below the detection limit, indicating the 

diagnosis of previously unrecognized type 1 diabetes. Baseline clinical characteristics of the 

study subjects according to the different renal function groups are presented in table 1, 

laboratory findings on baseline can be found in table 2. All patients in the renal impaired group 

can be characterized as stage 3 CKD (mean eGFR: 47 ± 13 ml/min/1.73m²) 25. Patients with 

impaired renal function were slightly older, had a longer duration of diabetes and a higher body 

weight, compared to the group with normal renal function (table 2). There was a significant 

difference in gender distribution with more females in the impaired renal function group (1 

(7.1%) vs. 7 (46.7%), p=0.035). 
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Incretin hormone concentrations. Plasma concentrations of total and intact GIP and GLP-1 

increased significantly after oral glucose challenge in both groups (all P<0.0001; Figure 1). 

Regarding the primary outcome, there were no differences in change in intact GLP-1 levels 

between patients with normal and impaired renal function (P=0.22). Intact GLP-1 levels were 

increased after treatment with linagliptin (P=0.0042 for the total population). Total GLP-1 

levels were not different between patients with normal and impaired renal function (P=0.87; 

Figure 1). After linagliptin treatment, total GLP-1 concentrations were numerically lower in 

both groups, however, without reaching statistical significance (P=0.21).  

Total GIP levels were higher in patients with renal impairment compared to those with normal 

renal function (P=0.014). The time course of total GIP levels was not different after linagliptin 

treatment in patients with normal renal function (P=0.28), whereas total GIP levels were lower 

after linagliptin treatment in patient with impaired renal function (P=0.025; Figure 1). Intact 

GIP concentrations were not different between patients with renal impairment and normal renal 

function (P=0.069). Linagliptin treatment led to an increase in intact GIP levels in both groups 

(P<0.0001, respectively).  

Glucose, C-peptide and pancreatic hormone concentrations. Glucose concentrations after 

oral glucose administration increased in both groups after oral glucose ingestion before and 

after linagliptin treatment (P<0.0001; Figure 2). After linagliptin treatment, the overall 

glycaemic response was reduced in the total patient population (P=0.0072). When both groups 

were analysed separately, the reduction in glycaemia reached statistical significance only in 

patients with renal impairment (P=0.017), but not in patients with normal renal function 

(P=0.17). The magnitude of the reduction of glycaemia did not differ significantly between the 

groups (P=0.15). 
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The time course of insulin concentrations was not different before and after linagliptin treatment 

in patients without and with renal impairment (P=0.12 and P=0.95, respectively; Figure 2). C-

peptide concentrations during the OGTT were higher in patients with renal impairment 

compared to those with normal renal function (P=0.0004). Treatment with linagliptin led to a 

non-significant increase of C-peptide concentrations in either group (P=0.067 and P=0.098, 

respectively; Figure 2). Glucagon levels were lowered insignificantly after oral glucose 

ingestion in both, patients with normal and with impaired renal function (P=0.36 and P=0.093, 

respectively; Figure 2). The time course of glucagon was not altered by linagliptin treatment in 

either group (P=0.83 and P=0.83, respectively).  

Safety and tolerability. Treatment with linagliptin was safe and well tolerated in both groups. 

In total, 14 treatment-emergent adverse events (AEs) occurred in 6 subjects with renal 

impairment (37.5%) and 8 treatment-emergent AEs occurred in 4 subjects with normal renal 

function (26.7%). The most frequent AEs were headache (3 events in 3 subjects with renal 

impairment and 2 events in 2 subjects with normal renal function) and dizziness (2 events in 2 

subjects with normal renal function). There were no treatment-emergent serious adverse events 

(SAEs) during the trial. One non-treatment-emergent SAE (hepatocellular carcinoma) was 

reported during the trial for a subject with renal impairment; the diagnosis was reported before 

the first linagliptin application. Ten hypoglycaemic episodes were reported in four subjects 

during the trial. In each of the groups, five hypoglycaemic events occurred in 2 subjects per 

group. Nine of the hypoglycaemic episodes were asymptomatic, while one hypoglycaemic 

episode was documented symptomatic but unlikely to be related to the trial product. All 

hypoglycaemic events were classified as mild and no adjustment of insulin doses were reported. 

 

Discussion 
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The present study was designed to examine the effects of the DPP-4 inhibitor linagliptin on the 

active and total concentrations of the incretin hormones, GIP and GLP-1, in patients with T2DM 

with normal and with impaired renal function. We report that linagliptin increased the plasma 

concentrations of intact GIP and GLP-1, but that there was no significant difference in intact 

incretin levels between patients with and without renal impairment. Glucose concentrations 

after oral glucose ingestion were significantly reduced by linagliptin in patients with renal 

impairment. While the numerical glucose concentrations were lower in patients with normal 

renal function, this difference did not reach statistical significance.  

Under physiological circumstances, the incretin hormones, GIP and GLP-1, undergo proteolytic 

degradation by the enzyme DPP-4 within 2-3 minutes. The resulting metabolites, GLP-1 (9-36 

amide) and GIP (3-42), lack insulinotropic activity but may potentially exert partial agonistic 

26,27 and/or antagonistic clinical effects 28. In general, all DPP-4 inhibitors increase plasma 

levels of intact GLP-1 and GIP via inhibition of their enzymatic cleavage 8,9,16,29. The present 

study extends this finding to T2DM patients with renal impairment and under treatment with a 

DPP-4 inhibitor with minimal renal clearance 30. 

In this short-term mechanistic study, the number of AEs was low and not different between the 

two patient groups, as expected based on previous reports on long-term treatment with 

linagliptin in renal insufficiency 31. The (renal) safety profile of linagliptin is of great 

importance in patients with T2DM, since declining renal function is a common complication in 

this cohort and up to 30 % of patients with T2DM will develop clinically significant 

impairments in renal function 32,33. The decline in renal function may also interact with incretin 

metabolism, and earlier studies have reported increased GLP-1 and GIP concentrations in 

patients with renal failure 34,35. Even though GLP-1 and GIP are mainly metabolized by the 

enzyme DPP-4 independent from renal function, their final elimination depends on renal 

excretion. We have previously shown that the excretion of the fragments GLP-1 (9-36 amide) 
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and GIP (3-42) is impaired in non-diabetic subjects with reduced renal function 13. Therefore, 

even higher plasma concentrations of intact GIP and GLP-1 in patients with renal impairment 

after treatment with a DPP-4 inhibitor could have been expected. Nonetheless, other groups 

report a reduced (yet preserved) metabolism of GLP-1 and GIP in patients with end-stage renal 

disease requiring haemodialysis 36. Although renal impairment in the present study cohort was 

moderate, the present results support the thesis that kidney function may be a less significant 

determinant for the final clearance of intact incretin hormones like GIP and GLP-1. 

Another aspect of interest in this context appears to be postprandial renal hyperfiltration, which 

can be observed after the intake of a protein-rich meal 37. Since a recent study investigating the 

effects of linagliptin on postprandial hyperfiltration showed an increase in postprandial 

filtration fraction compared to glimepiride 38, data on fasting and postprandial eGFR might have 

added interesting information on the effects of linagliptin on postprandial hyperfiltration. 

However, since the “test meal” did not contain any protein, potential effects of postprandial 

(hyper-)filtration in the present study remain speculative. 

Interestingly, in the present study the reduction in glucose concentrations after oral glucose 

ingestion reached statistical significance only in patients with renal impairment, but not in 

patients with normal renal function. This might indicate that linagliptin exerts an even slightly 

greater efficacy in patients with renal impairment, although it should be noted that this study 

was not powered to detect changes in glycaemic control, and treatment was only given for a 

short period of time. In line with such reasoning, the intact levels of GIP and GLP-1 after 

linagliptin treatment were numerically greater in patients with renal impairment. However, 

these differences did not reach statistical significance. One reason for rather minor effects of 

linagliptin on glycaemic control may be the concomitant insulin treatment in most patients 

recruited into the present study (Table 1). Presumably, the study design (open-label study not 

powered for differences in blood glucose), the high proportion of patients treated with insulin 
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and the study protocol allowing for reduction of insulin in case of hypoglycaemia might have 

mitigated the effect of linagliptin on glycaemic control. Furthermore, one patient in the normal 

impairment group had to be excluded from analysis, thus resulting in a lower power than 

initially planned. Of importance, the reported differences were found in a cohort with a 

moderate reduction of renal function (mean eGFR: 47 ± 13 ml/min per 1.73 m2) which might 

explain the low magnitude of the differences observed. Further studies may clarify if the present 

findings can be reproduced in cohorts with end-stage renal disease. 

While plasma concentrations of intact GIP and GLP-1 were increased after treatment with the 

DPP-4 inhibitor, postprandial total GLP-1and GIP levels declined, without significant 

differences between patients with or without renal impairment. This finding is in line with 

previous studies 39,40 and is likely due to a feedback inhibition of incretin secretion at the K- 

and L- cell level through elevated levels of intact GIP and GLP-1 39.  

The main mechanisms of improved glucose control with DPP-4 inhibitors are postulated to be 

glucose-dependent relative increases in insulin secretion as well as reductions of glucagon 

release, relative to the changes in glucose levels 41,42. In contrast to GLP-1 receptor agonists, 

DPP-4 inhibitors probably do not affect gastric emptying 43. In the present study, insulin 

concentrations after oral administration were not increased by linagliptin treatment. 

Interestingly, fasting plasma glucose levels were reduced significantly in the impaired renal 

function group. While a reduction of fasting plasma glucose levels is generally described for 

DPP-4 inhibitors in patients with T2DM44 including linagliptin, this finding suggests a 

beneficial role for linagliptin in renal impairment.  

In line with other studies 45,46, glucagon concentrations were lowered in both study groups. 

However, this difference did not reach statistical significance in both groups (most likely due 

to the small sample size) although a numerical but non-significant reduction was found in the 

renal impairment group (P=0.093, Figure 2). While the exact mechanisms of action of DPP-4 
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inhibitors are yet to be fully understood 47, this finding points to a rather more prominent role 

of (lower) glucagon concentrations for the glucose lowering potency of DPP-4 inhibitors.  

This study has some important limitations. First, the study was designed as a small mechanistic 

study to address potential differences in incretin metabolism in subjects with T2DM and renal 

insufficiency. Thus, albeit quite comparable, the two patient groups in the study were not 

closely matched regarding age, gender, duration of diabetes, and body weight. However, an 

effect of these variables on our study outcomes appears unlikely since GLP-1, GIP, insulin, and 

glucagon levels did not differ between the two patient groups at baseline. The degree of renal 

impairment was moderate (CKD stage 3) and power may have been affected by the exclusion 

of one patient in the normal renal function group. Furthermore, an OGTT is an artificial 

experimental condition which might not necessarily reflect the physiological situation after a 

mixed meal. Finally, results of this mechanistic short-term trial may not be transferable to 

patients on long-term linagliptin treatment. Therefore, our results should be interpreted with 

these limitations in patients on long-term linagliptin treatment mind. 

On the other hand, the strengths of this study include the inclusion of a clinically important 

subgroup of patients with T2DM, the prospective study design as well as the detailed 

assessment of incretin metabolism using well characterized radioimmunoassays. 

In conclusion, treatment with linagliptin significantly and equally increased intact incretin 

levels in T2DM subjects with and without renal insufficiency. The present mechanistic study 

suggests that the incretin-mediated effects of linagliptin on glucose homeostasis may not be 

mitigated by renal impairment.  
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Figure 1: Incretin levels after a 75g-oral glucose challenge before and after treatment with 
linagliptin. 
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Legend: 
Incretin levels over 240 minutes after a 75g-oral glucose challenge in insulin-treated patients 
with type 2 diabetes before and after eight days of treatment with linagliptin. Left-hand panels 
show the results for subjects with normal renal function (eGFR > 90 ml/min/1.73m², n=14) 
and right-hand panels display the results for subjects with impaired renal function (CKD stage 
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3, n=15). P-values were calculated for the determination of overall differences between the 
different groups, independent of the respective time patterns (Treatment), for the 
determination of differences over the time course, independent of the respective groups 
(Time), and for the determination of differences between the groups over the time course 
(Interaction). If a significant (P<0.05) interaction between group and time was documented, 
values at single time points were compared by one-way ANOVA, followed by Duncan’s post 
hoc tests. Significant time points are marked with a *. 
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Figure 2: Glucose, insulin, C-peptide, and glucagon levels after a 75g-oral glucose challenge 
before and after treatment with linagliptin. 
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Legend: 
Levels of plasma glucose, insulin, C-peptide, and glucagon over 240 minutes after a 75g oral 
glucose challenge in insulin-treated patients with type 2 diabetes before and after eight days 
of treatment with linagliptin. Left-hand panels show the results for subjects with normal renal 
function (eGFR > 90 ml/min/1.73m², n=14) and right-hand panels display the results for 
subjects with impaired renal function (CKD stage 3, n=15). P-values were calculated for the 
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determination of overall differences between the different groups, independent of the 
respective time patterns (Treatment), for the determination of differences over the time 
course, independent of the respective groups (Time), and for the determination of differences 
between the groups over the time course (Interaction). If a significant (P<0.05) interaction 
between group and time was documented, values at single time points were compared by one-
way ANOVA, followed by Duncan’s post hoc tests. Significant time points are marked with a 
*.  
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Table 1. Patient characteristics of participating subjects with normal or impaired renal function 

Parameter Unit Normal 
range 

Normal 
renal function 

Impaired 
renal function 

Significance 
(p-value) 

Age [years]  57 ± 8 63 ± 6 0.020 
Gender female/male (% female)  1/13 (7.1) 7/8 (46.7) 0.035 
Body-mass-index [kg/m2] 18.5 - < 25 31.0 ± 5.7 33.8 ± 5.6 0.20 
Diabetes duration [years]  13 ± 7 18 ± 8 0.089 

HbA1c 
[%] 4.0 - 6.0 7.9 ± 0.6 7.7 ± 0.6 0.45 
[mmol/mol] 29 - 42 68 ± 5 66 ± 5 0.45 

Diabetes medication      
Insulin, intermediate or long acting Yes/no (% yes)  11/3 (78.6) 12/3 (80.0) > 0.99 
 [IU/day]  28 ± 15 37 ± 24 0.30 
Insulin< short-acting Yes/no (% yes)  13/1 (92.9) 13/2 (86.7) > 0.99 
 IU/day  37 ± 22 50 ± 27 0.20 
Metformin (paused six weeks before study) Yes/no (% yes)  3/11 (21.4) 1/14 (6.7) 0.33 
SGLT-2 inhibitor Yes/no (% yes)  1/13 (7.1) 0/15 (0) 0.48 

eGFR (MDRD formula) [ml/min per 1.73 m2] > 60 101 ± 11 47 ± 13 < 0.0001 
Urea [mmol/l]  2.77 - 8.10 5.3 ± 1.5 8.5 ± 2.7 0.0005 
Associated conditions      
Arterial hypertension Yes/no (% yes)  9/5 (64.3) 14/1 (93.3) 0.080 

Systolic blood pressure [mmHg] < 95 138 ± 13 147 ± 10 0.056 
Diastolic blood pressure [mmHg] < 160 85 ± 8 88 ± 6 0.19 
Pulse rate [beats per min]  64 ± 6 69 ± 9 0.058 
ACE inhibitors. Angiotensin receptor blockers Yes/no (% yes)  7/7 (50.0) 11/4 (73.3) 0.26 
ß-blockers Yes/no (% yes)  10/4 (71.4) 6/9 (40.0) 0.14 
Diuretics Yes/no (% yes)  0/14 (0) 4/11(26.7) 0.10 
Calcium antagonists Yes/no (% yes)  0/14 (0) 3/12 (20.0) 0.22 
Other (antihypertensive) Yes/no (% yes)  1/13 (7.1) 4/11 (26.7) 0.33 

Data are presented as mean ± standard deviation or number/proportion fulfilling the criteria. Study groups were defined according to renal function with n=14 
patients in the normal renal function group (eGFR > 90 ml/min/1.73m²) and n=15 patients in the impaired renal function group (CKD stage 3). 
Significance (p-values) was calculated from Student’s t-test. 
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Table 2. Laboratory findings of participants at baseline. 

Parameter at baseline Unit Normal range Normal renal function Impaired renal function Significance 
(p-value) 

Amylase [U/l] 28 - 100 57 ± 22 55 ± 23 0.88 
activated partial thromboplastin time 
(aPTT) [sec] 26 - 40 34 ± 3 36 ± 3 0.061 

Calcium [mmol/l 2.15 - 2.55 2.3 ± 0.1 2.4 ± 0.1 0.36 
Creatinine [µmol/l] 61.9 - 106.1 68 ± 9 126 ± 29 < 0.0001 
Erythrocytes [n/pl] 4.6 - 6.1 5.28 ± 0.65 4.79 ± 0.58 0.040 
Gamma-glutamyltransferase (GGT) [U/l] < 60 46 ± 32 35 ± 18 0.28 
aspartate aminotransferase (AST) [U/l] < 50 28 ± 14 27 ± 10 0.86 
alanine aminotransferase (ALT) [U/l] < 50 31 ± 16 29 ± 15 0.79 
Hemoglobin [mmol/l] 8.5 - 10.9 9.3 ± 0.9 8.0 ± 1.0 0.26 
Hematocrit [l/l] 0.40 - 0.50 0.44 ± 0.04 0.42 ± 0.04 0.45 
Leucocytes [n/nl] 4.2 - 9.1 7.54 ± 1.63 7.75 ± 1.75 0.74 
Lipase [U/l] 13 - 60 46 ± 34 43 ± 17 0.73 
mean corpuscular haemoglobin (MCH) [fmol] 1.59 - 2.00 1.77 ± 0.19 1.86 ± 0.05 0.12 
Mean corpuscular haemoglobin 
concentration (MCHC) [mmol/l] 19.8 - 22.3 21.3 ± 0.53 21.0 ± 0.60 0.15 

mean corpuscular volume (MCV) [fl] 79.0 - 92.2 83.1± 8.2 88.4 ± 3.0 0.026 
Platelets [n/nl] 163 - 337 256 ± 65 254 ± 47 0.92 
Potassium [mmol/l] 3.5 - 5.1 4.5 ± 0.4 4.7 ± 0.3 0.060 
Prothrombin [%] > 70 103 ± 7 99 ± 11 0.25 
Sodium [mmol/l] 136 - 145 140 ± 2 139 ± 3 0.86 
Total Protein [g/l] 66 - 87 69 ± 4 71 ± 3 0.069 
Data are presented as mean ± standard deviation. Study groups were defined according to renal function with n=14 patients in the normal renal function 
group (eGFR > 90 ml/min/1.73m²) and n=15 patients in the impaired renal function group (CKD stage 3). Significance (p-values) was calculated from 
Student’s t-test.  

 




