//doc.rero.ch

http

Published in "Clinical Autonomic Research doi: 10.1007/s10286-020-00673-6,
2020" which should be cited to refer to this work.

Dose-dependent heart rate responses to drinking water: a randomized
crossover study in young, non-obese males

Erik Konrad Grasser’

Abstract

Purpose The aim of the study was to explore a potential dose effect of water on heart rate responses and markers of vagal

tone modulation.

Methods This was a randomized crossover study involving eight men whose heart rate and heart rate variability parameters
were continuously measured following ingestion of different volumes of still mineral water (200, 400, 600, and 800 mL).
Results A significant volume by time effect for heart rate (p < 0.005) was observed. Ingestion of all volumes of drink
water of more 200 mL significantly decreased the heart rate. Significant time effects for heart rate variability

parameters were observed.

Conclusion Ingestion of a mineral water drink affected the heart rate in men in a time-dependent manner, possibly by changes

in cardiac vagal modulation.
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Introduction

Water drinking in humans results in a distinct activation of
the autonomic nervous system that, in patients with severe
autonomic neuropathies, leads to substantial increases in
arterial blood pressure [1, 2]. Interestingly, such a blood
pressure response is not seen in young, healthy humans,
in whom a similar amount of water does not raise blood
pressure values above baseline levels [2-6]. These obser-
vations suggest that a fully functional autonomic nervous
system (i.e., sympathetic and parasympathetic branches) is
necessary to balance the effect of water drinking on blood
pressure. Indeed, evidence from studies on young, healthy
subjects has shown that drinking water results in a concom-
itant activation of the parasympathetic system, by raising
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cardiac vagal modulation, and acutely induces a brady-
cardic response [3, 6]. However, research is lacking on the
dose-response of drinking water on heart rate and autonomic
markers representing cardiac vagal modulation. Hence, we
chose a randomized crossover study design, in which the
subjects did not know the order of the drinks, to investigate
the effect of drink volume (200, 400, 600, and 800 mL) on
both heart rate and the spectral autonomic markers sugges-
tive of cardiac vagal modulation.

Methods
Study design

This study was conducted according to the guidelines laid
down by the Helsinki Declaration of 1964, as revised in
2013, and all procedures involving human subjects were
approved by the institute’s ethical review board. Written
informed consent was obtained from all subjects. Electronic
Supplementary Material (ESM) Table 1 provides detailed
information on the characteristics of the subjects.

All test sessions started between 0800 and 0830 hours in
a quiet, air-conditioned (~22 °C) laboratory. Each subject
participated in four separate test sessions (separated by at
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least 2 days but by no more than 7 days) in a randomized
crossover fashion. The session order was determined prior to
the start of the study by using a random sequence generator
(https://www.randomizer.org/), and heart rate and autonomic
responses were monitored continuously for each experimen-
tal session. The drink water provided was a still mineral
water (Evian, Danone S.A., Paris, France; composition:
360 mg L' bicarbonate, 6.5 mg L™! sodium, 80 mg L™
calcium, 26 mg L™' magnesium, 1 mg L™! potassium,
3.8 mg L~! chloride, and 12.6 mg L! sulfate), served at
room temperature (~22 °C). Following ingestion of the pre-
scribed volume (200, 400, 600, and 800 mL)—presented in
a randomized order—responses of the subjects to the drink
water were recorded. On arrival at the laboratory, subjects
were asked to wear light trousers and a T-shirt, to empty
their bladders if necessary, and to sit in a comfortable arm-
chair. The study protocol sequence, as described below, is
shown in ESM Fig. 1.

Assessment of heart rate and heart rate variability
parameters

A Task Force Monitor (CNSystems, Medizintechnik, Graz,
Austria) was used to perform heart rate and autonomic
recordings. Electrocardiography electrodes were posi-
tioned according to the manufacturer’s guidelines in order
to acquire high-resolution six-channel electrocardiograms,
from which RR-intervals (RRI) were continuously extracted
[5]. Very low-frequency (VLF_RRI: 0.003-0.04 Hz),
low-frequency (LF_RRI: 0.04-0.15 Hz), high-frequency
(HF_RRI: 0.15-0.40 Hz), and total power spectral density
(PSD_RRI: 0.003-0.40 Hz) components were evaluated
in absolute values (ms?). These components were normal-
ized (HF_RRI%) by the application of an autoregressive
method to minimize disruptive effects of changes in total
power [7], and they refer to autonomic modulation of the
sinoatrial node and of vasomotion [7]. Although potential
changes in the breathing pattern between intake of the four
water drinks could alter heart rate variability [8], breathing
was not controlled in the experiments in order to simulate
a real-life scenario, which is characterized by spontaneous
respiratory activity.

Data and statistical analysis

Beat-to-beat values for heart rate, VLF_RRI, LF_RRI,
HF_RRI, PSD_RRI, and HF_RRI_% were averaged for the
last 10 min of a 30-min baseline period and over 10-min
intervals within the 60-min post-drink period, respectively.

Statistical analyses were performed using GraphPad
Prism version 6 statistical software (GraphPad Software,
Inc., La Jolla, CA, USA). All values reported in this study
are presented as means =+ standard deviation. Testing for

normal distribution was performed by using the D’Agostino
and Pearson omnibus normality test. Natural logarithmic
transformation was employed for absolute heart rate vari-
ability parameters (VLF_RRI_LN, LF_RRI_LN, HF_RRI_
LN, and PSD_RRI_LN) due to their skewed distribution.
Two-way repeated measures analysis of variance (ANOVA)
was used with treatment and time as within-subject factors to
determine a potential dose effect (treatment X time) for the
applied drinks. Where time effects were observed in the two-
way repeated measures ANOVA, one-way repeated meas-
ures ANOVA with Holm-Sidak’s post-hoc testing was used
to determine where these differences resided and to check
for between-drink differences. For all tests, significance was
setat p < 0.05.

Results

At baseline, heart rate, heart rate variability parameters, and
blood pressure were similar between the four drink condi-
tions, and no adverse effects were observed in any subject
during the observational period (ESM Table 1).

Two-way repeated measures ANOVA analysis revealed
a significant treatment difference in average heart rate
responses over the time intervals 0-30 min (p <0.005), 0-60
min (p <0.005), and 30—60 min (p=0.01). Significant time-
course changes were observed for water intake of 400, 600,
and 800 mL, but not for 200 mL, where the heart rate ini-
tially decreased for at least 30 min after ingestion followed
by a slow and gradual increase towards baseline thereafter.
Heart rate responses to 800 mL only persisted significantly
below baseline values until the end of the investigation (min
60: —2.9+3.0 beats min~!; p=0.03) (Fig. 1).

Two-way repeated measures ANOVA revealed no sig-
nificant treatment difference in average heart rate variability
responses over the post-drink time intervals 0-30 0-60, and
30-60 min (all p > 0.05). However, significant time-course
effects, with increasing values compared to baseline levels,
were observed for VHF_RRI_LN, LF_RRI_LN, HF_RRI_
LN, and PSD_RRI_LN. Moreover, the majority of signifi-
cant time effects and the peak values were seen within the
first 30 min after water ingestion and mostly involved the
high-frequency component of heart rate variability and the
total power (ESM Table 2).

Discussion

There is now compelling evidence that in young and
healthy people a tap water drink exerts an acute brady-
cardic effect, which persists for up to 45 min after its
ingestion [3—6]. The results presented here not only con-
firm a negative chronotropic effect in response to drinking
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Fig. 1 a Time course of changes in heart rate after ingestion of dif-
ferent volumes of water (200, 400, 600, and 800 mL) in young, non-
obese subjects. Each mean value (i.e., 10-min blocks) corresponds
to the average over the respective interval that was subtracted by its
baseline (BL) values. Data are presented as means + standard devia-
tion. b Boxes (minimum to maximum values) represent individual
mean responses (open circles) averaged over min 0-30 post-drink
relative to baseline values and represented as a delta (A) for each
drink volume, respectively. In both panels, asterisks show statistically
significant differences over time from baseline values (both panels) at
*p<0.05, **p<0.01, and ***p <0.005; in b, statistically significant
overall drink volume effect indicated by hashtag for 200 vs. 800 mL
(*p <0.005) and by at sign for 200 vs. 400 mL (®p <0.05), as ana-
lyzed by one-way repeated measures analysis of variance with Holm—
Sidak’s post-hoc testing

water, but provide novel evidence that a drink volume of
> 200 mL is necessary to achieve a significant reduction
in heart rate that persists at least for 30 min. We did not
observe significant differences in heart rate between the
ingestion of 400, 600, and 800 mL drink volume, which
indicates that a drink volume of 400 mL is sufficient to
elicit significant decreases in resting heart rate. How-
ever, drink volumes that exceeded 400 mL, in particular

800 mL, tended to extend the bradycardic effect beyond
30 min after ingestion.

We are only aware of two studies that have compared
heart rate responses to the ingestion of different volumes
of water [3, 9]. In this context, and in opposition to our
observations presented here and findings by Routledge and
colleagues, who compared the ingestion of tap water at
volumes varying from 20 to 500 mL [3], Boschmann and
collegues failed to observe significant different heart rate
responses to the ingestion of 50 and 500 mL of tap water
[9]. However, these latter authors measured heart rate dis-
continuously every 5 min using a Dinamap blood pressure
monitor. Consequently, it is possible that the electrograph-
ically and continuous measurements used by Routledge
and colleagues [3] and our group were able to pick up
subtle changes in heart rate not recorded by Boschmann
et al. [9], thereby providing more accurate results.

Drinking water acutely perturbs gastrointestinal homeo-
stasis by changing osmolality at or distal to the duodenum
[10], thereby potentially activating the autonomic nervous
system. Recent evidence suggests that a transient receptor
potential, the vanilloid 4 channel (TRPV4), is an essential
component in the autonomic response to water ingestion
[10], thereby suggesting that water drinks differing in
volume might elicit a dose-dependent activation of car-
diac vagal fibers. Our spectral data provide evidence that
modulated efferent cardiac vagal fibers could participate
in the observed dose-dependent heart rate response. We
observed significant bradycardic responses within the first
10 min after ingestion, which, and in consideration of the
gastric emptying time of liquids (i.e., ~ 30 min for 500 mL
water) [11], provide evidence that a drop in intragastric
temperatures might contribute to our observed heart rate
responses. This hypothesis is in line with recent findings
from our laboratory [6].

In conclusion, this study provides evidence that the
volume of a water drink significantly affects heart rate
responses in young and non-obese males, which could be
triggered by changes in cardiac vagal modulation. How-
ever, the low number of test subjects limits the conclusions
which can be drawn from the study.
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