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ABSTRACT
Hydration practices may confound heart rate variability (HRV) measurements when collected in
the pre-training period. We aimed to determine the effects of ingesting a hypertonic, sugarsweetened sports beverage on HRV and hemodynamic parameters in physically active young men.
Fifteen subjects consumed 591 ml of Gatorade (6% carbohydrate, ~330 mOsmol/kg), 591 ml
water, or 10 ml water (control) in random order on separate days following overnight fasting. HRV
and hemodynamics were evaluated in 5-min windows immediately before (T1) and 5-10 min (T2),
25-30 min (T3), 40-45 min (T4), and 55-60 min (T5) post-drinking. Root-mean square of
successive differences and the standard deviation of normal RR intervals increased post-water
intake at all time-points relative to T1 (P <0.05). No increases were observed post-Gatorade intake,
though small effect sizes (ES) were noted at T2 and T3 (P >0.05, ES = 0.27 - 0.32). Systemic
vascular resistance increased at T2 post-Gatorade intake and at T2 and T3 post-water intake (P
<0.05). No interactions were observed for blood pressure measures, stroke volume, or cardiac
output. Gatorade does not evoke cardiovascular adjustments to the same magnitude as water.
Practitioners should wait at least 45 min to record HRV post-Gatorade intake and >60 min postwater intake.
Key Findings:
● Equal volumes of cold water and Gatorade produce inequivalent cardiac-autonomic and
hemodynamic responses.
● HRV responses of greater amplitude and duration were observed following intake of water
versus Gatorade.
● Failure to account for recent fluid intake may result in misinterpretation of autonomic
status.
Keywords: Gatorade, Heart rate variability, Parasympathetic, Vagal
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INTRODUCTION
Heart rate variability (HRV) refers to the variation in time between successive heart beats
and reflects activity of the autonomic nervous system (Camm et al. 1996). Greater HRV is
indicative of increased cardiac-parasympathetic modulation (Camm et al. 1996) and is associated
with superior health (Dekker et al. 2000) and stress resilience (Souza et al. 2013). Lower HRV is
suggestive of vagal withdrawal and has been linked to a variety of disease states and fatigue
(Laborde et al. 2018). Due to its time efficient, inexpensive, and readily accessible nature, there
has been profound interest as of recent in the application of HRV in a variety of settings ranging
from clinical care to sports medicine. In the field of sport and exercise science, HRV has become
an increasingly popular tool to monitor training adaptations and to tailor exercise prescription
among general (da Silva et al. 2019), athletic (Javaloyes et al. 2018), and clinical populations
(Behrens et al. 2015).
Intrinsic (e.g., age, gender, ethnicity) and extrinsic (e.g., stimulants, chronobiology,
medications) factors may influence HRV (Laborde et al. 2018). Food and beverage consumption
are also widely recognized to affect HRV parameters (Monrroy et al. 2019), yet experimental
control for these variables is ignored by more than half of published studies in the field (Heathers
2014). Self-performed post-waking HRV recordings limit the effects of confounding factors, but
maintaining long-term compliance from athletes is challenging (Plews et al. 2014). Thus,
standardized HRV acquisition supervised by team staff at the training facility is becoming more
common. For instance, pre-training HRV measures have been used to assess autonomic status in
futsal (Nakamura et al. 2015), rugby (Nakamura et al. 2017), soccer (Proietti et al. 2017), and
American football teams (Flatt et al. 2020). Though a convenient alternative to post-waking
measures, these procedures are potentially problematic since athletes are encouraged to hydrate
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with water or a sports beverage in the hours preceding physical conditioning or competition
(Sawka et al. 2007).
Fluid ingestion is a recognized confound to HRV measurement (Heathers 2014) and
previous studies have helped to elucidate the underlying physiological adjustments to water
ingestion . Water drinking significantly and rapidly raises vasoconstrictor activity via the pressor
response, leading to an acute but profound rise in arterial blood pressure (Jordan et al. 2000;
Routledge et al. 2002). Subsequent stimulation of arterial baroreceptors triggers an increase in
vagal discharge to lower blood pressure via a reduction in cardiac output, consequently increasing
HRV (Brown et al. 2005; Heathers et al. 2018). Thus, HRV assessment shortly following fluid
intake will capture its physiological effects rather than a resting state, resulting in misinterpretation
of autonomic status. For example, staff may misinterpret fluid-induced elevations in HRV to
reflect favorable recovery from physical exertion (Stanley et al. 2013) or sport-related concussion
(Flatt et al. 2019). Subsequent training prescription would therefore be unmatched to the athlete’s
true functional state and may carry potential risk in clinical exercise settings (Behrens et al. 2015;
Senthinathan et al. 2017). Intriguingly, cardiovascular responses to water intake are not observed
following ingestion of an equivalent dose of physiological saline (0.9%) (Brown et al. 2005).
portending to a role of fluid osmolality in shaping autonomic and hemodynamic adjustments.
Meanwhile, insulin infusion and glucose challenge lower HRV, interpreted to reflect autonomic
shifting in the sympathetic direction (Chapman et al. 2021; Perpiñan et al. 2019; Rowe et al. 1981).
Hypertonic, sugar-sweetened sports beverages (e.g., Gatorade) are particularly popular among
athletes in whom HRV measures may be of interest, however, the cardiac-autonomic and
hemodynamic repercussions of ingesting these beverages are unclear.
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The primary purpose of the present study was to characterize the cardiac-autonomic and
hemodynamic responses to a commercially available, hypertonic, sugar-sweetened sports
beverage. We also aimed to examine the time-course of cardiovascular changes following sports
beverage ingestion to provide team staff, clinicians, and researchers with an understanding of the
persistence of these effects to guide HRV acquisition methodology conducted beyond the
immediate post-waking period. To this end, we monitored HRV and hemodynamic adjustments
for 60 minutes following ingestion of 591 ml of Gatorade (6% CHO, ~330 mOsmol/kg) (Rowlands
et al. 2011) and compared them to those following ingestion of an equivalent volume of water and
a control (10 ml water). We hypothesized that Gatorade would induce cardiac-autonomic and
hemodynamic adjustments of a magnitude comparable to or less than what is seen with water.

MATERIALS & METHODS
Participants
Fifteen recreationally-active (≥150 minutes/week) men with >2 years resistance training
experience (age = 24.9 ± 3.5 years, height = 181.6 ± 8.2 cm, weight = 83.6 ± 13.6 kg) were
recruited to represent athletic populations using pre-training HRV assessment (Flatt et al. 2020;
Nakamura et al. 2015; Nakamura et al. 2017; Proietti et al. 2017). All participants were free from
acute or chronic illness (cardiac, pulmonary, liver, or kidney abnormalities, cancer, uncontrolled
hypertension, insulin- or non-insulin dependent diabetes or other known metabolic disorders), free
from orthopedic limitations, not taking any heart rate-altering medications (e.g., β-blockers or
βeta2-2 agonists), and they did not smoke or participate in other forms of tobacco use. The study
was approved by the affiliated University’s Institutional Review Board and prior to participation
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all study procedures, risks, and benefits were explained to the subject and written informed consent
was obtained.

Study Design
Using a cross-over design, participants reported to the laboratory for three trials, each of
which was separated by a minimum of 24 h and all of which were completed within 14 days. On
the day of each trial, participants were asked to consume 1) 591 ml of bottled water, 2) 591 ml of
a hypertonic sports beverage (orange flavored Gatorade: 6% CHO, ~20 mmol/L Na+, ~330
mOsmol/kg), or 3) 10 ml of bottled water (control), the order of which was counterbalanced.
Subjects consumed fluids at their own pace within a 2-min window. Beverage bottles were
refrigerated for 24 h prior to consumption in a commercial refrigerator (1.6 °C) for ecological
validity (athletes are served beverages from coolers and refrigerators) and to control for the known
effects of temperature on autonomic modulation (Girona et al. 2014). HRV and hemodynamic
variables were assessed for 10 min immediately before and 60 min after fluid ingestion. All visits
were scheduled during morning hours (0600-1000 AM) and participants were asked to arrive in a
fasted state, having abstained from all food or drink for at least 8 h. Vigorous physical activity and
the use of caffeine or alcohol was discouraged 24 hours prior to each testing visit.

Cardiovascular Measures
Upon arrival, participants were taken to a quiet, temperature-controlled room (21 ⁰C)
where they were outfitted with a clinically validated single-lead electrocardiographic (ECG) sensor
(Bittium Faros 180, 1000 Hz, Oulu, Finland) (Vandecasteele et al. 2017). RR interval recordings
were then performed while subjects were seated comfortably in a back-supported chair.
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Throughout data collection, participants remained quiet, still, and breathed spontaneously. RR
intervals were extracted from ECG recordings in 5 min segments (Camm et al. 1996) immediately
before fluid ingestion (T1, following a 5-min stabilization period) and then again 5-10 min (T2),
25-30 min (T3), 40-45 min (T4), and 55-60 min (T5) following the intervention. All subjects
urinated in a nearby restroom following T4, after which they returned to the seated position at least
5 min before T5. RR data were exported to KubiosTM software (University of Kuopio, Finland) for
manual inspection and processing of artifact and ectopic beats with a low pass filter. HRV
parameters recorded for this study were the mean RR interval, the root-mean square of successive
RR interval differences (RMSSD), and the standard deviation of normal-to-normal RR intervals
(SDNN). RMSSD reflects parasympathetic modulation and is commonly used for monitoring
athletic training status (Buchheit 2014). SDNN reflects global variability from sympathetic and
parasympathetic influences and has widespread interest as a marker of cardiovascular health
(Camm et al. 1996).
Concomitant with ECG recordings, finger plethysmography was used for beat-to-beat
blood pressure measurement using an automated continuous non-invasive arterial pressure
(CNAP) 500 Monitor HD (CNSystems, Graz, Austria). The CNAP device uses a volume clamp
method based on the Penaz principle (Penaz 1973). Participants placed their left index and middle
fingers into the double finger cuff and the vascular unloading technique was used to generate an
arterial pressure waveform (Smolle et al. 2015). Changes in arterial diameter and wall tension were
subsequently detrended using concentrically interlocking control loops (Fortin et al. 2006) and the
VERIFI-algorithm (“Vasomotoric Elimination and Reconstructed IdentiFication of the Initial
setpoint”) (Fortin et al. 2013). Finger cuff-derived arterial pressure measures were calibrated to
oscillometric brachial blood pressure measurements on the ipsilateral arm. Pulse contour analysis
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of the arterial pressure waveform was then used to estimate stroke volume (SV), cardiac output
(CO), and systemic vascular resistance (SVR, mean arterial pressure - central venous pressure /
cardiac output) using a proprietary algorithm taking into consideration the participant’s gender,
age, height, and body mass (Wagner et al. 2018). Hemodynamic measures were refreshed and
recorded in 20 sec increments and 5 min averages of these values were used at the pre- and posttime points (Watso et al. 2020). Automated brachial systolic and diastolic blood pressures were
recorded immediately before each 5-min time point.

Statistical Analyses
Natural logarithm (Ln) transformations were applied to the non-normally distributed
RMSSD and SDNN values (Shapiro-Wilks tests, P <0.05). Linear mixed models were used to
evaluate changes in RR interval, LnRMSSD, LnSDNN, systolic and diastolic blood pressure, SV,
CO, and SVR across time and between conditions. Condition (water vs. Gatorade vs. control) was
included as a fixed effect, time (T1 vs. T2 vs. T3 vs. T4 vs. T5) as a repeated fixed effect, the
condition x time interaction as a fixed effect, and subject identification as a random effect. Tukey’s
post-hoc tests were used for follow-up assessment. Hedges’ g effect sizes (ES) were calculated to
determine standardized differences between mean values (Lininger and Riemann 2016). ES were
qualitatively interpreted as follows: <0.20 = trival, <0.60 = small, <1.20 = moderate, <2.0 = large,
and >2.0 = very large (Hopkins et al. 2009). All between-condition comparisons were assessed at
the same time-points only. Statistical significance was set at P < 0.05. Procedures were carried out
using JMP 13 (SAS Institute., Cary, North Carolina, USA).

RESULTS
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A condition × time interaction was observed for RR interval (P <0.0001, Figure 1). Withincondition effects showed that RR interval increased following water ingestion at all time-points
relative to T1 (P <0.05, ES = 0.36 – 0.51). RR interval increased following Gatorade ingestion at
T2 relative to T1 (P <0.05, ES = 0.35) and decreased at T5 relative to T2 (P <0.05, ES = -0.39)
and T3 (P <0.05, ES = -0.32). Between-condition effects showed that RR interval at T2 (P <0.05,
ES = 0.58) and T3 (P <0.05, ES = 0.48) was greater following Gatorade versus control.
FIGURE 1 HERE
A condition × time interaction was observed for LnRMSSD (P <0.0001, Figure 1). Withincondition effects showed that LnRMSSD increased following water ingestion at all time-points
relative to T1 (P <0.05, ES = 0.51 – 0.83). Though non-significant (P >0.05), small ES increases
in LnRMSSD that may be practically relevant were observed following Gatorade ingestion at T2
(ES = 0.32) and T3 (ES = 0.27). In addition, LnRMSSD decreased following Gatorade ingestion
at T5 relative to T2 (P <0.05, ES = -0.42). Between-condition effects showed that LnRMSSD
following water ingestion was greater at T2 versus control (P <0.05, ES = 0.40).
A condition × time interaction was observed for LnSDNN (P <0.0001). Within-condition
effects showed that LnSDNN increased following water ingestion at all time-points relative to T1
(P <0.05, ES = 0.53 – 0.98) and that T2 was greater than T4 (P <0.05, ES = 0.47). Though nonsignificant (P >0.05), a small ES increase in LnSDNN that may be practically relevant was
observed following Gatorade ingestion at T2 (ES = 0.28). LnSDNN decreased following Gatorade
ingestion at T5 relative to T2 (P <0.05, ES = -0.47). No between-condition effects were observed.
No main effects were observed for systolic BP (P = 0.392 – 0.653). A main effect of time
was observed for diastolic BP (P = 0.009). Diastolic BP at T4 was greater than T1 (73.6 ± 7.5 vs.
70.5 ± 7.5 mmHg, P = 0.004, ES = 0.36).
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A main effect of time was observed for SV (P = 0.004). SV at T1 (109.0 ± 17.9 ml, P <0.05,
ES = 0.28 - 0.29) and T2 (109.0 ± 16.3 ml) were greater than T5 (104.3 ± 14.7 ml) (P <0.05, ES =
0.28). Main effects of condition (P = 0.009) and time (P <0.0001) were observed for CO. CO for
control (6.7 ± 1.1 L⋅min-1) was significantly greater than water (6.2 ± 1.0 L⋅min-1, P = 0.01, ES =
0.46) and Gatorade (6.3 ± 1.1 L⋅min-1, P = 0.039, ES = 0.35). Additionally, CO at T1 (6.8 ± 1.0
L⋅min-1) was significantly higher (P = 0.0002 - 0.0008, ES = 0.28 - 0.56) than T2 (6.5 ± 1.0 L⋅min-1)
T3 (6.2 ± 1.1 L⋅min-1), T4 (6.2 ± 1.2 L⋅min-1), and T5 (6.3 ± 1.1 L⋅min-1).
A condition × time interaction was observed for SVR (P <0.05). Within-condition effects
showed that SVR for water at T1 (954.8 ± 202 mmHg⋅min⋅ml-1) was lower than T2 (1095.5 ± 202
mmHg⋅min⋅ml-1, P <0.05, ES = -0.57) and T4 (1142.3 ± 202 mmHg⋅min⋅ml-1, P <0.05, ES = 0.80). SVR for Gatorade at T1 (957.3 ± 202 mmHg⋅min⋅ml-1) was lower than T2 (1113.2 ± 202
mmHg⋅min⋅ml-1) (P < 0.05, ES = -0.71). Between-condition effects showed that SVR at T2 for
Gatorade was greater than control (931.4 ± 157.6 mmHg⋅min⋅ml-1) (P <0.05, ES = 0.96).
All within- and between-condition ES are presented in Tables 1 and 2. Group and
individual within-condition changes (%) in HRV parameters relative to T1 are displayed in Figure
2.
TABLE 1 & 2 HERE
FIGURE 2 HERE
DISCUSSION
The main finding of our study was that drinking a hypertonic, sugar-sweetened sports
beverage (i.e., Gatorade) did not evoke the rapid and prolonged cardiac-autonomic and
hemodynamic responses associated with water ingestion. In line with previous research (Routledge
et al. 2002), shortly following water ingestion we observed an increase in SVR and RR interval
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with a corresponding increase in HRV parameters. Meanwhile, changes in SVR and RR interval
following Gatorade were qualitatively small and short-lived (i.e., 5-10 min post), and HRV
parameters were unaltered relative to baseline. Taken together, and interpreted in the context of
previous literature (Brown et al. 2005), these findings suggest that the hypertonic nature of
Gatorade seems to blunt the cardiac-autonomic and hemodynamic adjustments associated with
hypo-osmotic fluid ingestion, despite the added sympathetic stimulus of a glucose challenge.
The dearth of cardiac-autonomic modulation following sports beverage ingestion supports
our hypothesis, which was partly based on an anticipated glucose- and insulin-mediated
sympathetic outflow (Rowe et al. 1981) reflected by a reduction in HRV indices, or an attenuated
increase. Our findings are consistent with those of Prasertsri et al. (2019) who observed no
significant changes in heart rate or HRV in young healthy individuals following ingestion of a
comparable fluid volume of glucose-fructose solution or passion fruit juice. However, our findings
are in contrast to observations showing that glucose administration during an oral glucose tolerance
test (OGTT, 300 ml fluid volume) is associated with a significant increase in the ratio of low and
high frequency spectral power (LF/HF) in apparently healthy young individuals (Paolisso et al.
1997) and reduced RMSSD in type I diabetics (Eckstein et al. 2020). Comparably, a recent
investigation reported reductions in RMSSD and cardiovagal baroreflex sensitivity in healthy
young individuals following sugar-sweetened, caffeinated (~75 mg) soft drink consumption
(Chapman et al. 2021). Notably, cardiac-autonomic responses (LF/HF) to glucose ingestion
(Paolisso et al. 1997) and insulin infusion are shown to be dose-dependent and inversely related to
body fat (Paolisso et al. 1999). Given our purposeful inclusion of only healthy and active young
individuals, it seems unlikely that impairments in insulin sensitivity were responsible for the lack
of observed cardiac-autonomic responses to Gatorade. Rather, we attribute this finding to the

© The Author(s) or their Institution(s)

Appl. Physiol. Nutr. Metab. Downloaded from cdnsciencepub.com by Dr. Rhonda Wilson on 03/31/21
For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.

Applied Physiology, Nutrition, and Metabolism (Author Accepted Manuscript)

relatively low glucose load in the sports beverage (36 g), which was approximately half of what
was administered in previous studies showing cardiac-autonomic adjustments following
consumption of a sugar-sweetened (~61 g), caffeinated soft drink (Chapman et al. 2021), or in
response to an OGTT (75 g) (Eckstein et al. 2020; Paolisso et al. 1997).
Vagal enhancement following water drinking, evidenced by unidirectional changes in
HRV parameters, is consistently observed in healthy young individuals (Girona et al. 2014;
Heathers et al. 2018; Routledge et al. 2002). This finding is attributable to an up-regulation of
parasympathetic modulation to decrease cardiac output as a means of compensating for pressormediated sympathetic activation (Jordan et al. 2000). We observed a peak in HRV 5-10 min after
water drinking (i.e., T2) in agreement with Girona et al. (2014), which is faster than what has been
observed previously (~20-min) (Brown et al. 2005; Heathers et al. 2018; Routledge et al. 2002).
This more rapid up-regulation of cardiac-vagal activity may be explained by the administration of
colder fluids in the present study (1.6 vs. 4-22 °C), as temperature is known to influence
cardiovascular responses to fluid ingestion (Girona et al. 2014). A relatively novel aspect of the
present investigation was the longer time-course of the cardiovascular adjustments to fluid
ingestion compared to what has been studied previously (i.e., 60 vs. 45 min) (Heathers et al. 2018;
Routledge et al. 2002), allowing us to obtain unique insight into the persistence of these
adaptations. Though some studies included follow-up of 60-90 min post-fluid ingestion, lack of a
control condition makes it difficult to determine if alterations in heart rate were due to persisting
effects of fluid, or natural variation (Girona et al. 2014; Grasser 2020). Relative to baseline in the
current study, HRV values were elevated following water drinking throughout the observation
period (Figure 1 and 2). However, comparison of HRV following water consumption to measures
made at the same time-points in the control condition provide evidence for a pronounced
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diminution of the effects of water drinking on cardiovagal activity at T5 (no significant difference
and trivial ES, Table 2). We also note that small or nearly small ES increments (ES = 0.19-0.30 in
HRV parameters were detected at T5 for the control condition relative to T1 (Table 1), which were
similar in magnitude to the ES observed for water at T5 relative to T1. This is an important finding
suggesting that accurate resting HRV parameters may be safely obtained 60-min post water
drinking, a point that should be carefully considered in research studies and applied settings where
day-to-day tracking of HRV is of interest.
Owing to functional baroreflex buffering, we observed no changes in systolic blood
pressure following water or Gatorade ingestion. This finding is in contrast to autonomic failure
patients in whom profound systolic blood pressure increases are observed after drinking a lower
volume of water (480 ml) (Jordan et al. 2000). However, we did observe a rise in SVR shortly
following (i.e., 5-10 min, T2) ingestion of both water and Gatorade, though this change was only
sustained in the water condition. Comparably, Brown et al. (2005) observed a gradual rise in total
peripheral resistance after water drinking, but no change after ingestion of isotonic saline (0.9%).
These findings are in contrast to those of Rontoyanni et al. (2015) who reported a drop in SVR,
explained by an increase in CO and SV following a 400 ml carbohydrate beverage (57g). These
increases in CO and SV following beverage ingestion, which was not observed in our study, may
be related to greater inotropic influence of insulin (Klein and Visser 2010) following
administration of a higher carbohydrate beverage (37 vs. 57g). Interestingly, hyperosmotic
solutions have been demonstrated to exhibit a negative inotropic influence on cardiac muscle
(Wildenthal et al. 1975), and thus it is possible that the hyperosmotic content of Gatorade may
have blunted increases in cardiac contractility due to insulin alone.
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Strengths of the present study include our use of sensitive and reliable techniques for
constant monitoring of cardiovascular and hemodynamic variables for 60 min post-beverage
ingestion and our consideration of physical activity level in subject enrollment. Failure to measure
and thus our inability to account for baseline hydration status, insulin and glucose levels, and
plasma osmolality in our participants can be viewed as limitations of the present investigation, as
is inclusion of only men. Measures of blood pressure variability and cardiovagal baroreflex
sensitivity, and exploration of the relationship between changes in these variables with changes in
HRV among men and women would provide a more comprehensive understanding as to the effects
of sports beverage ingestion on cardiovascular control, and should be considered in the future. We
note that sex-related differences have been reported in HRV responses to post-exercise fluid
ingestion (Matias et al. 2019). The applicability of the current findings are therefore limited to
healthy young men. Finally, data collection occurred following an overnight fast. Thus, whether
responses would be of different magnitude following shorter periods (e.g., between meals) is
unclear.
In conclusion, ingestion of a hypertonic, sugar-sweetened sports beverage does not evoke
the rapid and sustained cardiac-autonomic and hemodynamic adjustments associated with water
drinking. While water consumption should unequivocally be considered a confounder to accurate
HRV measurement, a hypertonic sports beverage seems to have less of an effect on resting HRV
despite an associated glucose perturbation. To avoid fluid-induced inflation of HRV parameters in
physically active young men, HRV should be obtained at least 45 min following 591 ml of cold
Gatorade ingestion and 60 min following an equal volume of cold water.
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FIGURE CAPTIONS:
Figure 1. Condition × time interaction plots for mean RR interval, natural logarithm (Ln) of the
root-mean square of successive RR interval differences (RMSSD), Ln of the standard deviation of
the normal-to-normal RR intervals (SDNN), and systemic vascular resistance (SVR). Standard
deviations are not displayed for clarity.
Within-condition significant effects are noted by time-point.
Between-condition significant effects are noted by condition
G = Gatorade, W = water.

Figure 2. Condition × time group and individual changes (∆) relative to T1 for mean RR interval,
natural logarithm (Ln) of the root-mean square of successive RR interval differences (RMSSD),
Ln of the standard deviation of the normal-to-normal RR intervals (SDNN), and systemic vascular
resistance (SVR).
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Table 1. Within condition effect sizes for heart rate variability parameters.
Control T1 vs.
T2
T3
T4
T5
Water T1 vs.
T2
T3
T4
T5

RR Interval (ms)
0.05
0.08
0.20
0.30

LnRMSSD
0.05
0.06
0.09
0.20

LnSDNN
0.19
0.10
0.15
0.19

0.51
0.47
0.58
0.36

0.83
0.59
0.58
0.51

0.98
0.64
0.53
0.59

Gatorade T1 vs.
T2
0.35
0.32
0.28
T3
0.28
0.27
0.11
T4
0.16
0.08
0.02
T5
-0.06
-0.07
-0.17
T = time-point, Ln = natural logarithm, RMSSD = root-mean square of successive RR interval
differences, SDNN = standard deviation of normal-to-normal RR intervals.
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Table 2. Between condition effect sizes for heart rate variability parameters.
T1

T2

T3

T4

T5

RR Interval
Gatorade vs. Control
Gatorade vs. Water
Water vs. Control

0.28
0.33
-0.04

0.58
0.18
0.47

0.48
0.14
0.38

0.24
-0.08
0.37

-0.06
-0.09
0.03

LnRMSSD
Gatorade vs. Control
Gatorade vs. Water
Water vs. Control

0.10
0.32
-0.21

0.40
-0.19
0.57

0.31
0.00
0.29

0.08
-0.18
0.25

-0.15
-0.27
0.09

LnSDNN
Gatorade vs. Control
0.10
0.18
0.12
-0.03 -0.27
Gatorade vs. Water
0.38
-0.31 -0.12 -0.08 -0.35
Water vs. Control
-0.27
0.47
0.22
0.04
0.05
T = time-point, Ln = natural logarithm, RMSSD = root-mean square of successive RR interval
differences, SDNN = standard deviation of normal-to-normal RR intervals.
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Figure 1. Condition × time interaction plots for mean RR interval, natural logarithm (Ln) of the root-mean
square of successive RR interval differences (RMSSD), Ln of the standard deviation of the normal-to-normal
RR intervals (SDNN), and systemic vascular resistance (SVR). Standard deviations are not displayed for
clarity.
Within-condition significant effects are noted by time-point.
Between-condition significant effects are noted by condition
G = Gatorade, W = water.
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Figure 2. Condition × time group and individual changes (∆) relative to T1 for mean RR interval, natural
logarithm (Ln) of the root-mean square of successive RR interval differences (RMSSD), Ln of the standard
deviation of the normal-to-normal RR intervals (SDNN), and systemic vascular resistance (SVR).
726x579mm (96 x 96 DPI)

© The Author(s) or their Institution(s)

Page 26 of 26

