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Abstract

Aim: To study the effects of the sodium-glucose co-transporter-2 (SGLT2) inhibitor

empagliflozin, the angiotensin receptor blocker (ARB) losartan, and their combination

on blood pressure, while studying the mechanisms potentially involved.

Methods: A total of 24 people with type 2 diabetes (T2D) (age: 66 ± 6 years; body

mass index: 31.0 ± 3 kg/m2; estimated glomerular filtration rate: 90 ml/min/1.73m2)

received a 1-week treatment with empagliflozin 10 mg once daily, losartan 50 mg

once daily, their combination, and placebo, in a randomized double-blind crossover

design, with 4-week washout periods in between. Blood pressure, arterial stiffness,

autonomic nervous system activity and plasma volume, extracellular fluid and serum

albumin were assessed.

Results: Versus placebo (139 mmHg), empagliflozin reduced systolic blood pressure

(SBP) by 8 mmHg (P = .001), losartan by 12 mmHg (P = .001) and empagliflozin +

losartan by 15 mmHg (P < .001). Combination therapy had a larger SBP-lowering

effect versus empagliflozin monotherapy (-7 [95% CI -12; -2] mmHg) and numerically

larger effects versus losartan monotherapy (-3 [-8; 2] mmHg). Empagliflozin reduced

sympathetic nervous system (SNS) activity, arterial stiffness and extracellular fluid,

while increasing serum albumin. Losartan reduced SNS activity and arterial stiffness.

Combination therapy induced volume contraction variables, together with a reduction

in SNS activity and arterial stiffness.

Conclusion: In people with T2D, SGLT2 inhibition in combination with an ARB had a

larger blood pressure-lowering effect versus placebo than either of the drugs alone.
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Our data further suggest that the mechanisms underlying these blood pressure reduc-

tions at least partially differ between these agents.

K E YWORD S

angiotensin receptor blocker, autonomic nervous system activity, blood pressure, empagliflozin,
losartan, SGLT2 inhibitor, systemic haemodynamic function, type 2 diabetes

1 | INTRODUCTION

At the time of diagnosis, approximately 60% of people living with type

2 diabetes (T2D) experience hypertension.1 Hypertension is a major

independent risk factor for stroke and death.1 This may, at least partly,

be explained through activation of the renin angiotensin system (RAS)

and the sympathetic nervous system (SNS), both of which are associ-

ated with macrovascular dysfunction, including increased arterial stiff-

ness and increased vascular tone.2,3

Blockade of the RAS pathways with angiotensin-converting

enzyme inhibitors or angiotensin receptor blockers (ARBs) improves

cardiovascular (CV) and kidney outcomes in people with T2D.4-6 ARBs

act by selectively blocking the binding of angiotensin II to the AT1

receptor.7 In addition, ARBs promote renal sodium and water excre-

tion by decreasing aldosterone secretion.8 Besides their well-known

antihypertensive properties, achieved by blocking the vasoconstrictive

actions of angiotensin II, ARBs improve endothelial function9 and vas-

cular tone.10,11 Finally, ARBs reduce the collagen content of the arter-

ies and attenuate extracellular matrix remodelling, thereby improving

arterial distensibility.12

Over the last few years, sodium-glucose co-transporter-2 (SGLT2)

inhibitors have been introduced as a therapeutic option for T2D man-

agement. These agents induce glycosuria, thereby reducing hypergly-

caemia, and reduce the risks of CV disease and end-stage kidney

disease in people with or without diabetes and in people with chronic

kidney disease (CKD).13-18 In addition to their glucose-lowering effect,

SGLT2 inhibitors lower systolic blood pressure (SBP) with an average

of 4 mmHg.19 The mechanisms underlying their blood pressure-

lowering effect remain incompletely understood, but haemodynamic

actions including volume contraction could contribute.20,21 Because

the reductions in blood pressure occur without a compensating

increase in heart rate (HR), it has been suggested that SGLT2 inhibi-

tors reduce SNS activity.22-25 Furthermore, improvements in arterial

stiffness and endothelial function have been proposed to contribute

to the reduction in blood pressure.26-28

As SGLT2 inhibitors and RAS blockers are progressively used in

combination in people with diabetes, it is of interest to assess their

combined effect on blood pressure and systemic haemodynamic func-

tion, in particular as their mechanism of action is different, which

could result in complementary beneficial actions. Therefore, the aim

of this study was to assess the mechanisms underlying the blood pres-

sure reduction with the SGLT2 inhibitor empagliflozin, the ARB losar-

tan, and the empagliflozin + losartan combination compared with

placebo in people with T2D.

2 | METHODS

2.1 | Trial design

This was a prespecified secondary analysis of the RECOLAR trial:

a phase 4, monocentre, randomized, double-blind, comparator

controlled, four-armed crossover mechanistic intervention study

conducted from September 2020 to September 2021 at the

Amsterdam University Medical Centers (location VUmc,

Amsterdam, The Netherlands). The study consisted of 1-week

intervention periods for each treatment followed by a 4-week

washout period (Figure S1). The study protocol, protocol amend-

ments and other protocol-specific documents were reviewed and

approved by local authorities and the medical ethical review board

of the VU University Medical Center (Amsterdam, The

Netherlands). The study complied with the Declaration of Helsinki

and Good Clinical Practice guidelines and was registered at

ClinicalTrials.gov (ID: NCT04238702).

2.2 | Study population

Participants were recruited from our outpatient clinic database at

Diabetes Center Amsterdam UMC. Eligible people were men or

postmenopausal women (to prevent confounding effects of the

menstrual cycle), aged 45-75 years, with a body mass index of

more than 25 kg/m2 and diagnosed with T2D. For the current

treatment of T2D, metformin with or without sulphonylurea deriv-

atives was allowed (stable dose for ≥ 3 months), with HbA1c from

6.5% to 10.5% (48-91 mmol/mol). In the case of previously diag-

nosed hypertension, only treatment with alpha blockers and/or

beta blockers was allowed at a maximum tolerable dose during the

study (background medication was actively converted to alpha

and/or beta blockers if necessary). Exclusion criteria were a recent

(i.e. < 6 months) history of cardiovascular disease (i.e. acute coro-

nary syndrome, stroke or transient ischaemic neurological disorder),

diagnosis of heart failure, unstable or rapidly progessing kidney

disease, an estimated glomerular filtration rate of less than 60 ml/

min per 1.73m2, macroalbuminuria (i.e. albumin-to-creatinine

ratio > 300 mg/g), urinary retention (bladder ultrasonography at the

screening visit was performed to objectively assess bladder empty-

ing), (re)current urinary tract or genital infection, diabetic ketoaci-

dosis within 6 months before inclusion, or the use of non-steroidal

anti-inflammatory drugs or diuretics that could not be discontinued
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3 months before and during the intervention period. Written

informed consent was obtained from all participants.

2.3 | Randomization and intervention

Participants were randomized to crossover sequences for empagliflo-

zin 10 mg + losartan 50 mg combination therapy, empagliflozin

monotherapy, losartan monotherapy and placebo (block size of four,

performed by an independent trial pharmacist using computer-

generated numbers; Figure S1) (NCT04238702). Boehringer Ingelheim

(Germany) provided the empagliflozin and matching empagliflozin pla-

cebo tablets. The losartan and losartan placebo tablet were bought at

Tiofarma (Oud-Beijerland, the Netherlands). The tablets were encap-

sulated, resulting in identical oral capsules (Trial Pharmacy,

Amsterdam UMC, location AMC, Amsterdam, The Netherlands);

encapsulation did not change pharmacokinetics or pharmacodynam-

ics. Participants and investigators remained blinded to treatment sta-

tus until database lock. Patients were instructed to take their study

medication once daily at 08:00 PM during each treatment period.

Adherence was followed up by counting the remaining capsules at all

visits.

2.4 | Endpoint measurements

All measurements were taken after 1 week of each treatment. The

week before each kidney testing visit, participants adhered to a stan-

dardized sodium chloride (9-12 g/d) diet to minimize variation in

kidney physiology because of salt intake (compliance checked by 24-h

sodium collection) (Figure S1B). After an overnight fast, patients

arrived at 08:00 AM at the research unit. Prior to each measurement,

patients were acclimatized for at least 10 minutes. All measurements

were performed in the fasting state, in a semi-supine position, and in

a temperature-controlled room (23.0 ± 1.0�C). Measurements were

performed at the non-dominant arm comfortably placed at heart level

and appropriate cuff sizes were used where applicable.

2.5 | Systemic haemodynamic function

SBP, diastolic blood pressure (DBP) and HR were determined by an

automated oscillometric device (Dinamap, GE Healthcare, Little Chal-

font, UK). All measurements were performed in triplicate at

1-2 minute intervals; the mean of the three measurements was used

for each time point. Pulse pressure was calculated by subtracting DBP

from SBP. Stroke volume (SV), cardiac output (CO) and systemic vas-

cular resistance (SVR) were assessed using a non-invasive beat-to-

beat finger arterial photoplethysmography BP device (Nexfin,

Amsterdam, The Netherlands). A 30-second average was derived

using dedicated software (Nexfin@PC version 2, BMEYE, Amsterdam,

the Netherlands). The rate-pressure product (RPP), a marker reflecting

SNS activity, was calculated as HR � SBP.29

2.6 | Pulse wave analysis

To assess arterial stiffness, pulse wave analysis was performed at

the radial artery using applanation tonometry with a high fidelity

micromanometer (SPT-301; Millar Instruments, Houston, TX)

coupled to a SphygmoCor System (Atcor Medical, West Ryde,

Australia).30,31 To obtain adequate pulse wave profiles and high-

quality control, the mean of two recordings (of ≥ 12 s) was used,

defined as an in-device quality index of more than 80%. The central

aortic pressure waveform was derived from the radial artery wave-

form using the software's mathematical transfer function.30,31 The

augmentation index (an indicator of arterial stiffness) was calculated

as the augmentation pressure, that is, the pressure of the second

systolic peak minus the pressure at the inflection point, expressed as

percentage of the pulse pressure and normalized for a HR of 75 bpm

(AIX@HR75).

2.7 | HR variability measures

Cardiac autonomic nervous system (ANS) balance was assessed by

resting heart rate variability (HRV). Measurements were obtained by

using an electrocardiogram (ECG)-equipped Nexfin device for a

5-minute RR-interval period, during which patients were instructed to

breath spontaneously (range 10-18 breaths/min) and refrained from

sleeping or speaking. ECG measurements were visually inspected and

artifacts were manually corrected using linear interpolation. Patients

with atrial fibrillation or severe sinus arrhythmias were excluded from

analysis. ECG recordings were loaded into Kubios HRV analysis soft-

ware 2.2 (University of Eastern Finland, Biosignal Analysis and Medi-

cal Imaging Group, Kuopio, Finland). After the removal of trend

components and additional automated low-level artifact correction,

fast Fourier spectral analyses were performed to obtain normalized

low frequency (LF; 0.04-0.15 Hz) and high frequency (HF;

0.15-0.5 Hz) bands. The LF/HF ratio, a validated marker for ANS

balance,32 was calculated and used for the current analysis, with LF

contributing to the sympathetic activity and HF to the parasympa-

thetic activity.33,34

2.8 | Volume variables

Participants collected 24-hour urine samples that ended on the morn-

ing of the testing visit. Urinary volume and excretion of sodium and

glucose were subsequently measured. Bioimpedance spectroscopy

(ImpediMed Limited, Pinkenba, Queensland, Australia) for standard-

ized measurements of extracellular and intracellular volume was per-

formed. Blood was drawn to measure haematocrit (Hct) and

haemoglobin (Hb). The percentage change in estimated plasma vol-

ume (ePV) was calculated by the Strauss formula35:

ΔePV¼ l 00� Hbplacebo=Hbtreatmentð Þ� 1�Hct treatmentð Þ½
= l�Hctplaceboð Þ�–100:

SCHOLTES ET AL. 3
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A calculation of ePV was derived from the Strauss formula and

compared between treatment arms. The formula used was:

ePV¼ 1�Hctð Þ= Hb�0:01ð Þ½ ��1000 mlð Þ:

2.9 | Outcome measures and statistical analyses

All measurements were taken after 1 week of each treatment. Primary

endpoints included treatment-induced changes in measured glomeru-

lar filtration rate (mGFR) and effective renal plasma flow as derived

from iohexol and para-aminohippuric acid clearance methodology,

respectively, with timed blood sampling.36 All other secondary end-

points were prespecified and included all derived systemic haemody-

namic measures and volume variables. We based our sample size on

the expected difference between placebo and the intervention arms

in mGFR using Stata version 11 (College Station, TX). Assuming a

standard deviation (SD) of 17.0 ml/min and considering α = .05 as sig-

nificant, it was calculated that 23 participants were needed to achieve

a power (1 - β) of 90% to detect a mGFR difference of 10 ml/min.

Therefore, to have equal arms in the crossover randomization

sequence and to account for a dropout, we included 24 participants.

Thus, we did not power for the outcomes described here.

All statistical analyses were performed in the per protocol popula-

tion using SPSS 24.0 (IBM SPSS, Chicago, IL). A linear mixed model

analysis was used to compare our outcome measures between treat-

ments and placebo. The model included a random intercept for sub-

ject to take into account the dependency of the observations within

one subject and included treatment order as a factor to exclude carry

over effects. The assumption of a normal distribution was checked by

plotting the residuals of the outcome variable. In case the residual was

not normally distributed after log transformation, analyses were per-

formed by using the log-transformed variable. Baseline characteristics

were summarized using mean and SD or median and interquartile

range. As stated, we powered for the treatment effects versus pla-

cebo only. Differences, 95% confidence intervals (CIs) and corre-

sponding P values were reported for each treatment compared with

placebo. However, we provide the comparisons between combination

therapy versus empagliflozin monotherapy and losartan monotherapy

for SBP, the most important clinical variable, with treatment differ-

ence and 95% CIs. A P value of less than .05 was considered to indi-

cate statistical significance.

3 | RESULTS

A total of 24 participants were included and randomized to a 1-week

treatment with empagliflozin, losartan, empagliflozin + losartan or

placebo (Figure S1A). One participant withdrew consent after the

first visit and was excluded from all analyses. Overall adherence to

study medication was 99%. Background medication remained

unchanged during the treatment period. In total, three participants

were excluded from the current analysis for ANS activity; two partici-

pants because of atrial fibrillation and one because of sinus arrhyth-

mia. Full baseline demographic and clinical characteristics are

presented in Table 1.

3.1 | Systemic haemodynamic function

Compared with placebo, all treatment arms significantly reduced

blood pressure (Table 2 and Figure 1). Empagliflozin treatment

resulted in a SBP reduction of 8 (95% CI -14; -3) mmHg and a DBP

reduction of 3 (95% CI -5; -0.4) mmHg. Losartan reduced SBP by

12 (95% CI -17; -7) mmHg and DBP by 6 (95% CI -8; -3) mmHg, and

empagliflozin + losartan reduced SBP by 15 (95% CI -21; -10) mmHg

and DBP by 7 (95% CI -9; -4) mmHg. Empagliflozin and losartan com-

bination therapy had a larger SBP-lowering effect versus empagliflozin

monotherapy (-7 [95% CI -12; -2] mmHg) and numerically larger

effects versus losartan monotherapy (-3 [-8; 2] mmHg).

HR was not affected by any treatment (Table 2). Compared with

placebo, none of the treatment arms had an effect on SV, CO or SVR.

TABLE 1 Baseline characteristics

N = 24

Age, y 66 ± 6

Male, n (%) 21 (87.5)

Weight (kg) 98 ± 15

BMI (kg/m2) 31.0 ± 3

Ethnicity–White (n) 24/24

Diabetes duration, y 11 (IQR 8-16)

Current smoker, n (%) 2 (8.3)

Alcohol intake, units/week 4 (IQR 2-11)

ASCVD, n (%) 3 (12.5)

Hypertension, n (%) 14 (58.3)

eGFR (CKD-EPI), ml/min/1.73m2 89.5 (IQR 80-90)

Albuminuria, mg/24 h 13 (IQR 6-26)

HbA1c, % 7.4 ± 0.9

Fasting plasma glucose (mmol/L) 8.8 ± 2.3

Systolic blood pressure, mmHg 145 ± 16

Diastolic blood pressure, mmHg 86 ± 7

Medication use

Platelet aggregation inhibitor, n (%) 5 (20.8)

Metformin, n (%) 24 (100)

SU, n (%) 11 (45.8)

Statin, n (%) 17 (70.8)

Beta blocker, n (%) 2 (8.3)

Both alpha and beta blocker, n (%) 5 (20.8)

Note: Data are represented as mean ± SD, median (IQR) or frequency.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body

mass index; CKD-EPI, Chronic Kidney Disease Epidemiology

Collaboration; eGFR, estimated glomerular filtration rate; SU,

sulphfonylurea derivative.

4 SCHOLTES ET AL.
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3.2 | Arterial stiffness

None of the treatments had a significant effect on AIX@HR75, while

pulse pressure was significantly reduced in all treatment arms

(Table 2). Compared with placebo, empagliflozin reduced pulse

pressure by 6 (95% CI -9.0; -2.3) mmHg, losartan by 7 (95% CI -10.1;

-3.4) mmHg and empagliflozin + losartan by 8 (95% CI -11.8;

-4.9) mmHg.

F IGURE 1 Changes in blood
pressure and potentially involved
mechanisms. Changes in blood
pressure, autonomic function and
indirect measurements of plasma
volume. Datapoints represent mean
with SEM. P = Placebo,
E = Empagliflozin, L = Losartan,
E + L = Empagliflozin + Losartan.

Statistically significant mean
differences of treatments compared
with placebo are indicated with
brackets
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3.3 | ANS activity

No effect on LF/HF ratio was observed in any of the treatment arms.

RPP was significantly reduced in all arms compared with placebo.

Empagliflozin reduced RPP by 689 (95% CI -1182; -195) mmHg*beats

min�1, losartan by 794 (95% CI -1289; -301) mmHg*beats min�1 and

empagliflozin + losartan by 1120 (95% CI -1620; -619)

mmHg*beats min�1.

3.4 | Body composition and indicators of plasma
volume

Compared with placebo, empagliflozin and empagliflozin + losartan

significantly decreased body weight by 1.4 kg (95% CI -2.0; -0.8) and

1.1 kg (95% CI -1.7; -0.4), respectively, while losartan did not change

body weight (Table 2). Hct numerically increased by 0.3 (95% CI -0.4;

1.1)% and 0.7 (95% CI 0.0; 1.5)% during empagliflozin and

empagliflozin + losartan treatment, respectively, but this did not

reach statistical significance. Serum albumin was significantly

increased by empagliflozin and empagliflozin + losartan treatment,

but did not change during losartan monotherapy (Table 2).

Compared with placebo, empagliflozin and empagliflozin + losar-

tan significantly decreased extracellular fluid by 0.5 L (95% CI -1.0;

-0.1) and 0.4 L (95% CI -0.9; -0.02), respectively, while losartan did

not change extracellular fluid (Table 2). No changes in intracellular

fluid were observed.

No significant alterations in estimated plasma volume were

observed in the empagliflozin and losartan arms, while empagliflozin

+ losartan tended to reduce estimated plasma volume by 2.1% (95%

CI -4.8; 0.5), not reaching statistical significance (Table 2).

Urinary volumes were significantly increased by empagliflozin +

losartan (+338 ml; 95% CI 57; 620) and tended to increase by empa-

gliflozin monotherapy (+235 ml; 95% CI -46; 516), while no changes

were observed in the losartan monotherapy arm (Table 2). There were

no significant associations between changes in blood pressure and

changes in urine volume, extracellular fluid or estimated plasma vol-

ume (data not shown).

4 | DISCUSSION

The first goal of this secondary prespecified analysis of a randomized,

double-blind, crossover trial was to determine whether combined RAS

inhibition and SGLT2 inhibition had larger effects on blood pressure

than either of the drugs alone, as compared with placebo. Second, we

investigated the involved mechanisms underlying these blood

pressure-lowering effects. Compared with placebo, we observed a

greater reduction in blood pressure in the empagliflozin + losartan

combination arm than the effects of the empagliflozin and losartan

monotherapy arms versus placebo. In addition, combination therapy

had a significant larger effect on SBP than empagliflozin monotherapy

and a numerically larger effect versus monotherapy. This may indicate

that combination therapy may induce synergistic effects on blood

pressure lowering, which is in line with a recently published meta-

analysis,37 although we were underpowered to formally test this.

ARBs have antihypertensive properties, achieved by blocking the

vasoconstrictive actions of angiotensin II.10 In addition, ARBs reduce

systemic vascular resistance9 and improve endothelial function,11

potentially being factors contributing to the blood pressure-lowering

effect observed in the losartan monotherapy arm. Furthermore, ARBs

reduce the collagen content of the arteries and attenuate extracellular

matrix remodelling, thereby improving arterial distensibility.38 A

reduction in pulse pressure leads to improvement of arterial distensi-

bility and thereby reduction of arterial stiffness.39 We observed a sig-

nificant reduction in pulse pressure in the losartan arm compared with

placebo. This may indicate that a reduction in arterial stiffness may

play a role in the blood pressure-lowering effect of losartan.

Angiotensin II exerts different actions on the SNS, including a

central action to increase sympathetic stimulation, stimulatory effects

on sympathetic ganglia and adrenal medulla, and actions at sympa-

thetic nerve endings that serve to facilitate sympathetic neurotrans-

mission. There is considerable evidence that the actions of

endogenous angiotensin II on the SNS enhance the cardiovascular

responses elicited by the activation of the SNS.40 By inhibiting angio-

tensin II using ARBs, these actions on SNS activity are consequently

diminished. We indeed observed a reduction in SNS activity, mainly

by a reduction in RPP, which may indicate a dampening effect of

ARBs on SNS activity. In this trial, we did not find any changes in vol-

ume variables in the losartan monotherapy arm compared with pla-

cebo, suggesting that a reduction in arterial stiffness and SNS activity

contributes to a larger extent than volume contraction to the blood

pressure-lowering effect of RAS inhibition.

We also investigated the contributing factors that could explain

the reduction in blood pressure with the SGLT2 inhibitor empagliflo-

zin. One of the underlying factors may be volume contraction, sec-

ondary to (osmotic) diuresis, which leads to a reduction in preload and

afterload.20,41 In the current study, compared with placebo, empagli-

flozin induced a significant reduction in extracellular fluid together

with an increase in serum albumin, suggesting volume contraction.

However, despite a significant increase in glucose excretion, empagli-

flozin did not change ePV. As extracellular volume is the sum of

plasma volume and interstitial volume, this may suggest that, although

not directly measured, a proportionally larger decrease in interstitial

volume occurred, which is consistent with the results suggested by

Hallow et al. in a modelling study of SGLT2 inhibitor effects,42 and

reflected by the lack of change in Hct. In addition, we did not find any

changes in sodium excretion, which is in concordance with previous

studies showing that the natriuretic effect with SGLT2 inhibitors is

modest and transient,43-45 possibly because of compensatory kidney

mechanisms.

Normally, a reduction in blood pressure promotes a baroreflex-

mediated increase in SNS activity, leading to an increase in

HR. SGLT2 inhibitors, however, reduce blood pressure without an

increase in HR, which may suggest a diminishing of SNS activity.23 In

line with this knowledge, we did not observe an increase in HR in the
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empagliflozin arm. This premise was underlined by a concomitant

decrease in RPP29 and LF:HF ratio, although the latter did not reach

significance, supporting the potential role of reduced SNS activity.

However, whether the effect of empagliflozin on SNS activity contrib-

utes to the long-term blood pressure reduction cannot be ascertained.

In people with T2D and type 1 diabetes, empagliflozin led to a

reduction in arterial stiffness, which has been associated with

improved blood pressure control.46,47 Although we did not find a sig-

nificant decrease in the variable AIX@HR75, possibly because of the

short-term treatment period, we observed a significant reduction in

pulse pressure following empagliflozin treatment, which is strongly

correlated with arterial stiffness.48

Finally, empagliflozin exerts a consistent significant weight-

lowering effect in patients with T2D.49,50 Weight loss reduces blood

pressure through a variety of mechanisms including anti-inflammatory

effects.51,52 In this study, compared with placebo, empagliflozin signif-

icantly reduced body weight and this reduction was associated with

reductions in SBP (r = 0.4; P = .07). Together, these findings suggest

that volume contraction, a reduction in SNS activity, improvement in

arterial stiffness and body weight reduction are contributing factors

to the blood pressure reduction observed with SGLT2 inhibition

therapy.

Given that the largest reduction in SBP was observed in the com-

bination therapy arm, we believe that these agents have beneficial

combined effects. This is also based on the finding that both drugs

reduced arterial stiffness and SNS activity; empagliflozin, moreover,

induced volume contraction and body weight reductions.

While the double-blind, randomized, four-armed crossover design

is a major strength, we also acknowledge some limitations. First, we

powered on the different treatment arms compared with placebo and

had insufficient power to compare combination therapy with either of

the monotherapies alone for all endpoints. Instead we performed this

analysis for SBP, the most clinically relevant variable that was

obtained. Second, we were unable to reproduce the RAS inhibition-

induced reduction in SVR, which may be explained by the non-

invasive measurement of SVR, which is not the gold-standard invasive

Fick or thermodilution method to assess systemic haemodynamics,53

although the non-invasive measurement devices are well validated

against intra-arterial measurements.54 We also did not measure endo-

thelial function. Moreover, it should be noted that pulse wave velocity

is a more sensitive marker to detect changes in arterial stiffness in

older individuals and might have been a better measure in our popula-

tion.55 Finally, we measured the acute effects of the interventions on

systemic haemodynamic function, while longer treatment duration

could elicit different effects, and we admit limited generalizability as

our participants included White men and postmenopausal women.

In conclusion, we show that SGTL-2 inhibition combined with the

RAS blocker losartan has a larger blood pressure-lowering effect than

either of the agents alone when compared with placebo. We also

show that the drugs have both overlapping and different regulatory

effects on systemic haemodynamic function. Future dedicated and

sufficiently powered studies should address the role for RAS

blockade-SGLT2 inhibitor combination therapy in people with diabe-

tes and hypertension.
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