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Abstract

Aim: To determine the glucose-independent effect of the dipeptidyl peptidase-4 (DPP-

4) inhibitor linagliptin versus the sulphonylurea glimepiride on systemic haemodynamics

in the fasting and postprandial state in patients with type 2 diabetes (T2D).

Materials and Methods: In this prespecified secondary analysis of a phase IV, dou-

ble-blind trial, 46 metformin-treated, overweight patients with T2D were included

and randomly assigned (1:1) to once-daily linagliptin (5 mg) or glimepiride (1 mg) for

8 weeks. In a sub-study involving 26 patients, systemic haemodynamics were also

assessed following a standardized liquid meal (Nutridrink Yoghurt style). Systemic

haemodynamics (oscillometric device and finger photoplethysmography), arterial

stiffness (applanation tonometry) and cardiac sympathovagal balance (heart rate vari-

ability [HRV]) were measured in the fasting state and repetitively following the meal.

Ewing tests were performed in the fasting state.

Results: From baseline to week 8, linagliptin compared with glimepiride did not affect

systemic haemodynamics, arterial stiffness or HRV in the fasting state. Linagliptin

increased parasympathetic nervous activity, as measured by the Valsalva manoeuvre

(P = .021) and deep breathing test (P = .027) compared with glimepiride. Postprandially,

systolic blood pressure (SBP) dropped an average of 7.6 ± 1.6 mmHg. Linagliptin reduced

this decrease to 0.7 ± 2.3 mmHg, which was significant to glimepiride (P = .010).

Conclusions: When compared with glimepiride, linagliptin does not affect fasting

blood pressure. However, linagliptin blunted the postprandial drop in SBP, which

could benefit patients with postprandial hypotension.
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1 | INTRODUCTION

Inhibitors of the enzyme dipeptidyl peptidase-4 (DPP-4) are widely

used for the treatment of hyperglycaemia in type 2 diabetes (T2D).

These agents reduce the degradation of, among others, glucagon-like

peptide-1 (GLP-1), thereby increasing insulin and reducing glucagon

secretion. Although developed for glucose lowering, DPP-4 inhibitors

have been shown to exert several pleiotropic effects, which include

modest reductions in systolic blood pressure (SBP) and diastolic blood

pressure (DBP) of ~3 and 1.5 mmHg, respectively.1

Whether DPP-4 inhibitors decrease postprandial blood pres-

sure (BP) (and potentially augment postprandial hypotension [PPH],

as we previously showed with sitagliptin2), or improve the post-

prandial BP drop (as described in two case reports in older patients

and patients with dementia3,4) is unknown. PPH is defined as a

decrease in SBP of ≥20 mmHg or a decrease below 90 mmHg from

≥100 mmHg within 2 hours after a meal, is highly prevalent in

patients with T2D,5 and is associated with postprandial dizziness

and collapse.5 Moreover, PPH is a risk factor for arteriosclerosis,

and seems to increase the cardiovascular and all-cause mortality

risk.5 Although the pathophysiology has yet to be fully delineated,

PPH is believed to result from inadequate cardiovascular compen-

sation of the normal postmeal decrease in vascular resistance.3,6 In

diabetes, a lack of sympathetic activation may drive this inadequate

response.6

Mechanisms that underlie a potential effect of DPP-4 inhibitors

on BP or PPH in patients with T2D have not been studied systemati-

cally, but may include effects that affect arterial stiffness, urinary

sodium excretion, or the cardiovascular autonomic nervous sys-

tem (ANS).

While GLP-1 receptor-mediated effects may underlie the actions

of this drug class, vasopressor actions may also be effectuated by

preservation of active forms of the numerous other substrates that

are degraded by DPP-4 (such as the vasoactive stromal cell-derived

factor [SDF]-1α, neuropeptide Y [NPY] and substance-P).7–9

In previous trials we assessed the effect of the DPP-4 inhibitor

sitagliptin on systemic haemodynamics in patients with T2D com-

pared with placebo. However, because glucose lowering per se

could influence systemic haemodynamics, given that glucose

appears to be a vasodilator,10 the former design does not allow suf-

ficient interpretation of drug-specific effects. As such, to attain

glycaemic equipoise, and to allow for clinically relevant compari-

sons, the sulfonylurea (SU) glimepiride was selected as an active

comparator in the current trial. Therefore, we assessed the effects

of 8 weeks of treatment with linagliptin compared with glimepiride

on fasting and postprandial haemodynamics in overweight patients

with T2D.

2 | MATERIALS AND METHODS

2.1 | Trial design

This is a secondary analysis of the RENALIS (RENoprotection in diA-

betes by LInagliptin versus Sulfonylurea) trial. RENALIS was a phase

IV, randomized, double-blind, comparator-controlled, parallel-group,

mechanistic intervention study conducted at the Amsterdam Univer-

sity Medical Center (location VUmc) in Amsterdam, the Netherlands,

between May 2014 and April 2016. The co-primary endpoint was

change in glomerular filtration rate and effective renal plasma flow;

the systemic haemodynamic endpoints were assessed as secondary.

The study was registered at ClinicalTrials.gov (NCT02106104), where

all endpoints are described. After screening, inclusion, and a 6-week

run-in period, baseline testing was performed as described below.

Then 8 weeks of treatment commenced, followed by endpoint mea-

surements. All participants underwent fasting measurements; follow-

ing a study amendment, postprandial assessments were added for the

remaining enrolled patients (N = 26). The trial protocol and its amend-

ments were approved by the local institutional review and ethics com-

mittee, competent local authorities, and was conducted in accordance

with the Declaration of Helsinki and the International Conference on

Harmonization of Good Clinical Practice. All participants provided

written informed consent before participation.

2.2 | Study population

Forty-eight Caucasian males and postmenopausal females with T2D

were recruited using advertisements. Relevant inclusion criteria were

age 35 to 75 years, an HbA1c of 6.5%-9.0% (48-75 mmol/mol) and

body mass index (BMI) ≥25 kg/m2. Patients were treated with metfor-

min alone (or low-dose SU derivative that could be safely washed out

at the investigators discretion). In case of hypertension (defined as

>140/90 mmHg) and/or albuminuria, treatment included a renin-

angiotensin-aldosterone-blocker (stable dose) for ≥3 months. Exclu-

sion criteria included a history of pancreatic, active liver or malignant

disease, diagnosis of a major cardiovascular event in the 6 months

before screening, estimated GFR (eGFR) <60 mL/minute/1.73m2, or

use of diuretics that could not be stopped 3 months prior to or during

the intervention period.

2.3 | Intervention and randomization

After baseline measurements, participants were randomly assigned in

a 1:1 ratio (with a block size of four; performed by an independent
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trial pharmacist using computer-generated numbers) to linagliptin

5 mg QD (Trajenta, Boehringer Ingelheim Pharma GmbH & Co.,

Ingelheim am Rhein, Germany) or glimepiride 1 mg QD added to

ongoing metformin (dose unchanged throughout the study). Patients

were instructed to take their study drug daily at the same time in the

evening with water. The investigational medicinal products were

over-encapsulated, producing visually identical oral capsules (ACE

Pharmaceuticals, Zeewolde, the Netherlands); patients and investiga-

tors remained blinded to treatment status until database lock.

2.4 | Study protocol and endpoint measurements

The study protocol and endpoint measurements are detailed in

Appendix S1 (see the supporting information). In brief, after an over-

night fast, endpoint measurements were performed. In 26 patients,

these measurements were repeated after intake of a standardized liq-

uid meal (Nutridrink Yoghurt style, Nutricia; energy 150 kcal, 5.8 g fat,

18.7 g carbohydrates and 5.9 g protein).

2.4.1 | BP and heart rate

SBP and DBP, mean arterial pressure and heart rate (HR) were mea-

sured by a trained observer using an automatic oscillometric device

(Dinamap, GE Healthcare, Little Chalfont, UK).

2.4.2 | Systemic haemodynamic functions

Stroke volume (SV), cardiac output (CO) and systemic vascular resis-

tance (SVR) were calculated non-invasively by a beat-to-beat finger

arterial photoplethysmography BP-monitoring device (Nexfin, Amster-

dam, The Netherlands). These variables were normalized to body sur-

face area, to acquire SV index (SVI), cardiac index (CI) and SVR index

(SVRI), respectively.

2.4.3 | Pulse wave analysis

Pulse wave analysis (PWA) was performed at the level of the radial

artery using applanation tonometry with a high-fidelity micro-

manometer (SPT-301, Millar Instruments, Houston, TX, USA) coupled

to a SphygmoCor apparatus and version 6.31 software (Atcor Medical

Pty Ltd, West Ryde, Australia).

2.4.4 | Heart rate variability assessments

Using an electrocardiogram (ECG)-equipped Nexfin device, 5-minute

recordings were obtained in the resting state. These ECG strips were

entered into Kubios HRV Analysis Software 2.1 (University of Eastern

Finland, Biosignal Analysis and Medical Imaging Group, Kuopio,

Finland), where fast Fourier spectral analyses were performed on

intervals between R-peaks to obtain cardiac ANS balance.

2.4.5 | Cardiovascular reflex tests

In the fasting state, cardiovascular reflex tests (CARTs) were per-

formed after the heart rate variability (HRV) assessment. The follow-

ing CARTs were employed in this study: cyclic deep breathing,

Valsalva manoeuvre and the orthostatic test. HR and BP were

recorded using the Nexfin device.

2.4.6 | Renal sodium excretion

Inulin-based fractional sodium excretion (FENA) was measured, as

described previously.11

2.4.7 | Laboratory measurements

Venous plasma glucose, sodium, inulin, insulin, glucagon, SDF-1α,

NPY (pro and active) and substance-P were measured as described in

Appendix S1.

2.5 | Sample size calculation, data management
and statistics

As current data are secondary and exploratory endpoints, no formal a

priori power calculation was performed for these objectives. How-

ever, for the primary endpoints, it was calculated that 21 subjects per

treatment arm would be needed (to detect a change in GFR of 15%,

with an assumed standard deviation of 10 mL/minute, α = 0.05 and

power [1-β] of 80%). We increased this to 24 to allow for potential

drop-outs. All data were double-entered into an electronic data man-

agement system (OpenClinica LLC, version 3.6, Waltham, MA, USA)

and transferred to the final study database.

Paired t-tests (Gaussian distributed data) or Wilcoxon signed rank

tests (non-Gaussian distributed data) were carried out for within-

group comparisons. Multivariable linear regression models were used

to examine the effects of linagliptin versus glimepiride. Corresponding

baseline values were added as independent variables, to correct for

potential between-group baseline differences. For the postprandial

data, linear mixed models were used. Intervention and time were

added as fixed factors, and the intervention-by-time interaction was

the variable of interest. With these analyses, any difference in base-

line values is taken into account and, moreover, it corrects for

repeated measurements. In addition, the interaction with angiotensin-

converting enzyme (ACE) inhibitors was explored by adding ACE

inhibitor use and the interaction between treatment allocation and

ACE inhibitor use to the model. Spearman’s signed-rank test was used

to analyse associations between changes in variables. All analyses
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were performed using SPSS 22.0 (IBM SPSS, Chicago, IL, USA), and a

two-sided P-value of <.05 was considered statistically significant. Data

are presented as means ± SEM, median (IQR) or mean difference with

a two-sided 95% confidence interval, unless stated otherwise.

3 | RESULTS

Demographic and clinical characteristics were well balanced between

treatment groups (Table 1). Most patients received other treatments

in addition to metformin, most relevantly antihypertensive agents. For

the fasting study, the prescription pattern was similar in both treat-

ment groups. For the postprandial study, the linagliptin-assigned

patients used more ACE inhibitors, beta-blockers and calcium-

blockers.

Of 70 patients screened, 48 were included and randomized

(Appendix S2). In the linagliptin arm, one patient was excluded

because of initiation of a disallowed co-medication (oral cortico-

steroids) to manage an adverse effect (generalized pruritus) during

the intervention period. In the glimepiride group, one participant

was excluded because of technical issues during the testing

days (Appendix S2). In a subset of 26 patients (N = 13 per treat-

ment group), postprandial systemic haemodynamic data were

available.

3.1 | Fasting state (main study)

Both linagliptin and glimepiride tended to numerically reduce SBP and

DBP from baseline to week 8, although this did not reach statistical

significance (between-group mean difference SBP 1.5 ± 2.7 mmHg,

P = .583; and DBP 0.8 ± 1.6 mmHg, P = .514) (Figure 1 and Appendix

S3). Similarly, no difference between linagliptin and glimepiride was

seen at the safety visit after 4 weeks of treatment (Figure 1). There

were no within-group or between-group differences in HR, SVI, CI,

SVRI and augmentation index normalized to an HR of 75 beats/

minute (AIX@HR75) from baseline to week 8.

Neither linagliptin (0.5 ± 1.5, P = .759) nor glimepiride (0.1 ± 0.4,

P = .693) affected the LF/HF-ratio (Figure 1 and Appendix S3). With

linagliptin, the Valsalva ratio (median effect linagliptin −0.04 [IQR

−0.22 to 0.08]; glimepiride −0.07 [−0.14 to 0.07]; P = .021) and E/I

ratio (median effect linagliptin −0.01 [IQR −0.05 to 0.02]; glimepiride

−0.02 [−0.24 to 0.01]; P = .027) decreased less compared with

glimepiride. The other CARTs were not altered by either treatment.

Reductions in HbA1c were similar in the linagliptin (−0.45% ±

0.09%) and glimepiride (−0.65% ± 0.10%) groups after 8 weeks of

administration (between-group mean difference 0.17 ± 0.40;

P = .101). At week 8, mean decreases in fasting plasma glucose were

−1.17 ± 0.34 mmol/L with linagliptin and −1.54 ± 0.40 mmol/L with

glimepiride (between-group P = .817). Body weight slightly but non-

TABLE 1 Demographic and baseline clinical characteristics in the main study, and postprandial sub-study

Variable

Fasting (main study) Postprandial (sub-study)

Linagliptin
5 mg (N = 23)

Glimepiride
1 mg (N = 23)

Linagliptin
5 mg (N = 13)

Glimepiride
1 mg (N = 13)

Age, y 62.4 ± 9.2 63.5 ± 7.9 62.8 ± 7.5 66.4 ± 6.4

Male, n (%) 20 (87.0) 18 (78.3) 13 (100) 9 (69)

Current smoker, n (%) 5 (21.7) 5 (21.7) 3 (23.1) 2 (15.4)

Diabetes duration, y 7.6 ± 4.1 6.4 ± 5.3 7.7 ± 4.7 7.5 ± 5.5

Body weight, kg 101.5 ± 16.1 95.0 ± 14.5 104.9 ± 15.1 92.8 ± 15.0

BMI, kg/m2 31.3 ± 4.2 30.1 ± 3.5 31.6 ± 4.9 30.4 ± 3.9

HbA1c, % 7.0 (6.6-7.6) 7.0 (6.7-7.7) 7.3 ± 0.9 7.4 ± 1.2

HbA1c, mmol/mol 53 (49-60) 53 (50-61) 56.5 ± 10.4 56.8 ± 12.6

Fasting plasma glucose, mmol/L 7.90 (7.30-9.20) 8.50 (7.00-9.80) 7.23 (6.76-8.86) 8.39 (6.84-9.55)

eGFR-MDRD, mL/minute/1.73m2 95.5 ± 17.2 91.3 ± 13.3 97.7 ± 16.1 90.5 ± 11.9

Albumin-creatinine ratio, mg/

mmol

0.80 (0.49-3.60) 1.11 (0.47-3.71) 0.63 (0.45-5.25) 0.89 (0.45-2.53)

Metformin dose, mg 1748 ± 764 1696 ± 726 1603 ± 694 1576 ± 772

Use of

ACE inhibitor (n [%]) 8 (34.8) 6 (26.1) 6 (42.6) 3 (23.1)

ARB (n [%]) 8 (34.8) 5 (21.7) 4 (30.8) 4 (30.8)

Beta-blockers (n [%]) 6 (26.1) 5 (21.7) 3 (23.1) 1 (7.7)

Calcium-blockers (n [%]) 4 (17.4) 4 (17.4) 3 (23.1) 2 (15.4)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin-II receptor blocker; BMI, body mass index; BPM, beats per minute; DBP, diastolic

blood pressure; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; HR, heart rate; SBP, systolic blood pressure;

T2D, type 2 diabetes.

Data are mean ± SD or median (IQR), unless stated otherwise.
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significantly increased with linagliptin (P = .059), although this was

statistically less compared with glimepiride relative to baseline

(between-group mean difference − 0.8 kg; −1.5 to −0.1 kg; P = .022).

Only linagliptin increased FENA (+17 ± 7%; P = .050) after

8 weeks of administration, although this did not reach statistical sig-

nificance compared with glimepiride relative to baseline. SDF-1α was

significantly reduced with linagliptin compared with glimepiride

(−838 ± 65, P < .001) (Figure 2). Insulin, glucagon, NPY and sub-

stance-P were not affected by either agent.

Correction for the use of ACE inhibitors did not yield different

results. Because no significant changes in BP were observed, no cor-

relation analyses were performed.

3.2 | Postprandial state (sub-study)

Before randomization, in all patients meal ingestion induced a

decrease in SBP and DBP of −7.6 ± 1.6 and −13.7 ± 2.7 mmHg,

respectively. At baseline, only one patient (randomized to linagliptin)

showed a drop in SBP of ≥20 mmHg, and as such could be classified

as having PPH. The postprandial drop in BP at week 0 was accompa-

nied by a decrease in SVRI (maximum decrease −572.3 ±

122.3 dyn*s/cm5/m2), while HR and SVI increased in all patients

(maximum increase +11.6 ± 0.8 beats per minute [BPM], and

2.9 ± 0.7 mL/1.73m2, respectively; Appendix S4).

Linagliptin treatment for 8 weeks significantly blunted the maxi-

mum postprandial decrease in SBP (from −7.8 ± 2.3 to

−0.7 ± 2.3 mmHg, P = .009; Figure 3 and Appendix S5); this was sig-

nificant compared with glimepiride (between-group difference:

8.4 ± 3.2 mmHg, P = .010). The patient with PPH did not meet the

definition after 8 weeks of treatment with linagliptin. DBP was not

affected by either linagliptin or glimepiride. Linagliptin increased HR

compared with glimepiride in the postprandial state (maximum meal-

induced difference between linagliptin and glimepiride: 9.2 ± 2.5

BPM, P < .001), without affecting SVI or CI. SVR was not affected by

either treatment. Although the mean AIX@HR75 was significantly

F IGURE 1 Effects in fasting study. Effects of linagliptin (red bars) and glimepiride (grey bars) on fasting haemodynamics: (A) systolic blood
pressure; (B) diastolic blood pressure; (C) heart rate (HR); (D) stroke volume index (SVI); (E) cardiac index (CI); (F) systemic vascular resistance
index (SVRI); (G) augmentation index normalized to an HR of 75 beats/minute (AIX@HR75); (H) ratio of low frequency to high frequency (LF/HF-
ratio); all values are expressed as mean ± SEM
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higher in the glimepiride group at the start of each testing day, the

meal-induced changes from baseline were not significantly different

between groups. Furthermore, no differences were observed in the

LF/HF ratio.

Although in this subgroup analysis both linagliptin and glimepiride

improved HbA1c, this effect was more pronounced in the glimepiride-

treated patients (between-group difference −0.3% ± 0.1%; P = .012).

Correction for the use of ACE inhibitors was not applied because of

low numbers of patients for this analysis. However, visually, the use

of ACE inhibitors was not associated with different results. In order to

try to understand why a decrease in SBP drop was seen with

linagliptin, correlation analyses were performed (see Appendix S6).

Apart from an inverse relation between SVI and DBP (R −0.727,

P = .011) in the linagliptin-treated group, these were not significant.

4 | DISCUSSION

The current secondary analysis of a head-to-head mechanistic inter-

vention study is the first to assess glucose-independent effects of a

DPP-4 inhibitor versus an SU in patients with T2D without chronic

kidney disease. We did not observe a significant difference in BP or

HR in the fasting or postprandial state between linagliptin and

glimepiride after 8 weeks of treatment; only modest numerical reduc-

tions in fasting BP were observed with both treatments. Interestingly,

linagliptin reduced a postprandial decrease in SBP, which could make

it a potentially interesting agent for postprandial hypotension to pre-

vent symptoms and morbidity.

The current study was designed to not only assess effects on BP

per se, but to focus on potential underlying mechanisms. Physiologi-

cally, BP is determined by the product of CO and SVR. Using non-

invasive techniques, we found no effect of prolonged linagliptin or

glimepiride treatment on any of these variables in patients with T2D

with well-controlled baseline BP. A possible explanation could be that

the observed effect size on BP in our study is too small to dissect

changes in underlying mechanisms. Nevertheless, as per our design,

we additionally assessed several variables which could change CO or

SVR. First, linagliptin modestly increased renal sodium excretion,

although this change was not significant compared with glimepiride.

An effect of DPP-4 inhibitors on FENA remains under debate as

F IGURE 2 Effects on metabolic variables. Effects of linagliptin (red line, red bars) and glimepiride (black line, black bars) on glucose, hormones
and peptides; the dashed lines indicate pretreatment values: (A) glucose, (B) insulin, (C) glucagon, (D) active NPY, (E) substance-P and (F) SDF-1α
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studies have provided conflicting results.11,12 Interestingly, we previ-

ously observed that sitagliptin increased FENA after 2 weeks, yet this

effect seemed to disappear after 12 weeks.11 Because no effect of

linagliptin on BP was seen in the within-group analysis, and change

from baseline in FENA was not correlated with change in BP (data not

shown), we believe that the modest effect on FENA is probably not

F IGURE 3 Effects in postprandial study. Effects of linagliptin (red line) and glimepiride (black line) on postprandial haemodynamics; the
dashed lines indicate pretreatment values. The liquid meal was administered immediately after time point zero: (A) systolic blood pressure; (B)
diastolic blood pressure; (C) heart rate (HR); (D) stroke volume index (SVI); (E) cardiac index (CI); (F) systemic vascular resistance index (SVRI); (G)
augmentation index normalized to an HR of 75 beats/minute (AIX@HR75); (H) ratio of low frequency to high frequency (LF/HF ratio); all values
are expressed as mean ± SEM. Significant differences between linagliptin and glimepiride are denoted as * (P < .05), within-group differences
(before and after treatment) as # (P < .05)
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responsible for the reduction in BP as seen in meta-analyses.1 Second,

we observed changes in the ANS. Although the LF/HF ratio was not

affected, linagliptin increased the E/I ratio and the Valsalva ratio. Both

reflect increased vagal activity during the CARTs. An increase in vagal

tone could explain a reduction in BP, yet one would either expect a

reduction in vascular tone or cardiac output, neither of which was

observed here. Finally, the observed reduction in total SDF-1α with

linagliptin could explain a reduction in BP, as this peptide potentiates

sympathetic activity.8 However, DPP-4 inhibition may be expected to

increase, rather than decrease, active SDF-1α, as previously

shown.12,13 Potentially, the currently observed decrease in SDF-1α is

an assay-specific effect, because several other trials (vildagliptin,14,15

sitagliptin16,17) observed a similar decrease using the same ELISA as

used here. Further studies on the effect of DPP-4 inhibition on SDF-

1α and the relation with BP are warranted.

In addition to systemic haemodynamics, we measured variables

of arterial stiffness by PWA. After 8 weeks, we observed no effects of

linagliptin on AIX@HR75, a widely used standardized marker of arte-

rial stiffness, which contrasts with the results of previous studies. For

example, linagliptin and alogliptin reduced aortic pulse wave velocity,

indicating reduced vascular stiffness,18,19 while vildagliptin and

sitagliptin improved AIX@HR75 in patients with T2D compared with

baseline.20 Potential explanations for the different results are treat-

ment duration (only 8 weeks in our study, compared with 3 months or

more in previous trials), and the use of an active comparator in the

current trial.

Based on previous and current data, DPP-4 inhibitors have at best

only limited systemic haemodynamic effects in patients with T2D that

do not differ from traditional glucose-lowering drugs such as SUs. It is

important to note that the small effect sizes observed in our trial are

in the same range as in a large meta-analysis1 and cardiovascular out-

come trials (CVOTs). It is probable that the minor changes do not have

clinical consequences for patients at high cardio-renal risk. Although

primarily designed as safety studies, the landmark CVOTs involving

DPP-4 inhibitors versus placebo (CARMELINA for linagliptin, EXAM-

INE for alogliptin, SAVOR-TIMI 53 for saxagliptin and TECOS for

sitagliptin) did not find a beneficial effect on cardiovascular events or

hard renal endpoints.21–24 Moreover, in the recent landmark CARO-

LINA trial involving 6033 high-risk patients with T2D, linagliptin was

non-inferior to glimepiride when added to usual care after a median

follow-up of 6.3 years.25 The current study is in line with these large

trials, as we found no mechanistic signs that linagliptin would be ben-

eficial for or detrimental to the cardiovascular system.

Significant postprandial reductions in BP frequently occur in

patients with T2D, and PPH may occur in up to 70% of patients.26

PPH is a condition with symptoms ranging from postprandial dizziness

to collapse and cardiovascular death.5 A recent study found PPH to

be associated with a hazard ratio of 11.2 to develop cardiovascular

disease.27 Despite its prevalence and consequences, no therapeutic

strategy is available. Because two case reports have suggested the

efficacy of vildagliptin and sitagliptin for improving PPH symptoms,3,4

we performed a subgroup analysis to assess the effects of linagliptin

on postprandial BP. Here, the decrease in SBP following the

standardized liquid meal was blunted. Moreover, this effect was sta-

tistically significant compared with glimepiride. Theoretically, a

decreased drop in SBP might be explained by an increase in CI and/or

SVRI. However, in this study, CI and SVRI were not significantly

affected by the study treatment (nor was a trend visible), and more-

over, changes in these variables were not correlated with changes in

BP. Changes in measured hormones were also not correlated with BP,

with the caveat that we did not assess these hormones in the post-

prandial setting, nor did we assess concentrations in the portal vein

(where they may directly affect neuronal pathways involved in sys-

temic haemodynamic regulation).28 Whether GLP-1, the most studied

hormone when regarding DPP-4 inhibition, might be involved is

unclear, as data with endogenous GLP-1 or the GLP-1 receptor antag-

onist exendin (9-39) are lacking. Interestingly, infusion of GLP-1 pep-

tide to reach postprandial levels (~30 pmol/L),29 as well as treatment

with the short-acting GLP-1 receptor agonist liraglutide,30 decreases

the postprandial drop in BP. However, this is presumably caused by

reducing gastric emptying speed. It is important to note that gastric

emptying has been identified as a major target for PPH, as a reduced

glucose delivery to the duodenum reduces PPH symptoms.31 How-

ever, all current data argue against an inhibiting effect of DPP-4 inhib-

itors on gastric emptying rate.32 To understand which hormone might

be involved in preventing PPH, we need studies with receptor antago-

nists after meal ingestion during DPP-4 inhibition. Finally, it is impor-

tant to observe that the glimepiride-treated patients used fewer

antihypertensive agents, and had better glycaemic control after

8 weeks. Both variables are associated with less PPH, indicating that

the difference between linagliptin and glimepiride might even be

bigger.

Fascinatingly, although case reports suggest beneficial effects of

DPP-4 inhibitors on PPH,3,4 the available trials are conflicting. Stevens

et al observed no effect on postprandial BP after two doses of

sitagliptin.33 Our own group previously showed that 12 weeks of

sitagliptin versus placebo augments the postprandial drop in DBP.2

Moreover, Wilson et al recently reported that 1 week of sitagliptin

augments the drop in mean arterial pressure compared with placebo,

but only when combined with an ACE inhibitor, and not during angio-

tensin II or calcium channel blockage.34 This interaction probably

depends on hormones/peptides degraded by both DPP-4 and ACE,

such as substance-P and NPY. Finally, in the current trial, linagliptin

diminishes the meal-induced drop in DBP. The reason behind these

very different trial results remains unclear. One explanation could be

the use of co-medication. ACE inhibitors are an obvious option34;

however, arguing against this, we found that sitagliptin augments

while linagliptin diminishes the postprandial BP drop, while the

sitagliptin group used fewer ACE inhibitors (25% vs. 42%, respec-

tively).2 Other co-medication, such as beta-blockers, might still be

involved. Another explanation could lie in differences in the meal used

in the study (e.g. meal size,35 differences in macronutrients,36 and

possibly meal consistency37), which is known to affect BP response.5

Also, compound-specific effects might be involved, i.e. effects not

generalizable to all DPP-4 inhibitors, and comprise (for example) struc-

tural differences and different selectivity to DPP-4.38 However,
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because this is the first study with linagliptin, and trials with many

other DPP-4 inhibitors are lacking, conclusions cannot be drawn yet.

As the burden of PPH in patients with T2D is high, and no therapy for

this condition is currently at hand, further studies that assess the

effects of DPP-4 inhibitors on postprandial systemic haemodynamics

in different populations are warranted.

Our study has several limitations that merit consideration. First,

all employed vascular measurement techniques are non-invasive.

Importantly, for determination of CI, the non-invasive arterial BP

monitoring device has been well validated against intra-arterial mea-

surements.39 Second, we limited the measurements of ANS activity to

Ewing tests and HRV. Other measures of sympathetic activity (e.g.

muscle sympathetic nervous activity or plasma norepinephrine) are

possible. Finally, the sample size was comparatively small, especially

for the postprandial sub-study. This could have caused type II statisti-

cal errors. To reduce any further risk of false-negative findings, we

decided not to correct for multiple testing, allowing the possibility that

the observed changes are the result of a type I error.

We conclude that 8 weeks of treatment with the DPP-4 inhibitor

linagliptin or SU glimepiride in overweight patients with T2D has no

effect upon fasting BP. Interestingly, in the postprandial state,

linagliptin blunted the drop in SBP, which could decrease postprandial

dizziness, collapse and cardiovascular mortality in patients with PPH,

and thus requires further study.
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