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Abstract
Oral ingestion of sodium bicarbonate (bicarbonate loading) has acute ergogenic effects on short-
duration, high-intensity exercise. Because sodium bicarbonate is 27% sodium, ergogenic doses
(i.e. 300 mg·kg−1) result in sodium intakes well above the Dietary Reference Intakes upper limit of
2300 mg/day. Therefore, it is conceivable that bicarbonate loading could have hypertensive
effects. Therefore, we performed a double-blind cross-over trial to evaluate the hypothesis that
bicarbonate loading increases resting and exercise blood pressure (BP). A secondary hypothesis
was that bicarbonate loading causes gastrointestinal distress. Eleven endurance-trained men and
women (exercise frequency, 4.6±0.4 sessions/wk; duration, 65±6 min/session) underwent testing
on two occasions in random sequence: once after bicarbonate loading (300 mg·kg−1) and once
after placebo ingestion. BP and heart rate (HR) were measured before bicarbonate or placebo
consumption, 30 minutes after consumption, during 20 min of steady state submaximal cycling
exercise, and during recovery. Bicarbonate loading did not affect systolic BP during rest, exercise,
or recovery (p=0.38 for main treatment effect). However, it resulted in modestly higher diastolic
BP (main treatment effect, +3.3±1.1 mmHg, p=0.01) and higher HR (main treatment effect,
+10.1±2.4 bpm, p=0.002). Global ratings of gastrointestinal distress severity (0–10 scale) were
greater after bicarbonate ingestion (5.1±0.5 vs. 0.5±0.2, p<0.0001). Furthermore, 10 of the 11
subjects (91%) experienced diarrhea, 64% experience bloating and thirst, and 45% experienced
nausea after bicarbonate loading. In conclusion, although a single, ergogenic dose of sodium
bicarbonate does not appear to have acute, clinically important effects on resting or exercise BP, it
does cause substantial GI distress.
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1. INTRODUCTION
A large body of evidence indicates that oral ingestion of sodium bicarbonate (bicarbonate
loading) has ergogenic effects on subsequent short-duration, high-intensity exercise (for
reviews and meta-analyses, see [1–3]). For example, it increases running time to exhaustion,
increases maximal-effort swimming velocity, and results in greater power output during
cycling [4–7]. Based on a meta-analysis of 59 studies, bicarbonate loading increases high-
intensity, short-duration exercise power output by 1.7% [2]. These effects result from
increases in serum and extracellular bicarbonate levels, which increase acid buffering
capacity and attenuate the development of metabolic acidosis during intense exercise [4–9].
Although the prevalence of bicarbonate loading and dosing methods among athletes has not
been studied, the most commonly used ergogenic dose of sodium bicarbonate in scientific
studies is 300 mg·kg−1 [2]. Because sodium bicarbonate is 27% sodium (i.e. 23 g of the 84 g
molar mass of sodium bicarbonate is sodium [10]), this dose provides quantities of sodium
that greatly exceed the Dietary Reference Intakes Tolerable Upper Intake Level of 2300 mg
per day [11]. For example, the ergogenic dose for a 70 kg athlete contains ~5700 mg
sodium.

Changes in dietary sodium are known to alter blood pressure (BP) [12–15]. Although the
acute blood pressure effects of a single oral sodium load in humans has not been studied, a
10–20 min infusion of 800–2500 mg sodium in solution increases mean and systolic BP by
~10 mmHg [16–18]. Additionally, BP increases by ~6 mmHg systolic and ~3–4 mmHg
diastolic after increasing dietary sodium by 2300 mg/d for 4 weeks [19]. Therefore, it is
conceivable that the large doses of sodium ingested during bicarbonate loading could have
adverse effects on BP. Such an effect might be especially concerning if it persists during
exercise, when BP increases in proportion to exercise intensity, and might increase the risk
of adverse events, such as hemorrhagic stroke [20].

We hypothesized that acute oral bicarbonate loading, which has been shown in many studies
to have beneficial effects on exercise performance [1–3], may have adverse effects on
health. More specifically, the primary research objective was to evaluate, in humans, if a
single, 300 mg·kg−1 oral dose of sodium bicarbonate increases resting and exercise BP, as
compared to BP measured after placebo ingestion. Furthermore, because some studies have
reported that bicarbonate loading causes gastrointestinal (GI) distress [21–23], a secondary
objective was to determine if bicarbonate loading is associated with the development of
symptoms of GI distress. The rationale for performing this study was to identify potentially
adverse effects of a well-known nutrition practice that is used for enhancing exercise
performance in humans.

2. METHODS AND MATERIALS
a. Participants

Exercise trained men and women were recruited from the Saint Louis metropolitan area.
Screening consisted of questionnaires to evaluate medical history, medication use, and
exercise and diet histories. Body weight was measured on a calibrated balance beam scale
(Detecto, Webb City, MO) with the participant dressed in light clothing (e.g. shorts and t-
shirt) and no shoes. Height was measured with a wall-mounted stadiometer (Health-o-meter,
Sunbeam Products, Inc., Boca Raton, FL). Height and weight were used to calculate body
mass index (BMI, kg/m2). In accordance with published standards [24], waist circumference
was measured at the narrowest bilateral aspect of the abdomen and hip circumference was
measured at the maximal posterior protuberance of the buttocks. Screening BP was
measured according to published criteria [25], as described below. Volunteers were
excluded if they: (a) were not in the age range of 18–55 yr, (b) were not exercise trained
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(defined as performing vigorous endurance exercise at least 30 min/d, 3 times per week, for
the past 3 months), (c) had major chronic disease or conditions in which exercise or sodium
bicarbonate supplementation was contraindicated, (d) were taking anti-hypertensive
medications, or (e) were classified as “moderate” or “high” risk for medical complications
during exercise according to American College of Sports Medicine guidelines [26]. The
Saint Louis University Institutional Review Board approved the study protocol and all
participants provided informed written consent to participate in the study.

b. Study Design and Randomization
The study consisted of a double-blind cross-over trial in which study participants underwent
testing on two occasions: once after bicarbonate loading (300 mg·kg−1) and once after
placebo ingestion. The intervention sequence was randomized, such that half of the
participants received the bicarbonate treatment first, and the others received placebo first.
The two trials were separated by 1 to 2 weeks. The bicarbonate and placebo solutions were
prepared and administered to the participants by study personnel who were not involved in
data collection. Investigator and subject blinding was maintained until all data collection
was completed.

c. Bicarbonate Loading and Blinding
Sodium bicarbonate and placebo solutions were administered to the participants in opaque
bottles to avoid visual differentiation. The sodium bicarbonate solution consisted of 300
mg·kg−1 sodium bicarbonate mixed into 592 mL of water, which is similar to acute loading
protocols used in previous studies [22,27–30]. The placebo consisted of 582 mL of sodium-
free carbonated water (La Croix, Sundance Beverage Co, Fort Lauderdale, FL) with 10 mL
of non-alcoholic bitters, which together provided a similar taste and effervescent quality to
the bicarbonate solution. The participants were encouraged to consume the beverages in ≤5
minutes. To determine the efficacy of blinding, and after all other aspects of study
participation were complete, the participants were asked if they knew which drink
(bicarbonate or placebo) they received in each of the 2 trials.

d. Study Trials
During each trial, the participants reported to the laboratory after a 4-hour fast. BP and heart
rate (HR) were measured multiple times as follows: (a) after arriving at the laboratory and
resting (seated) for 5 minutes, (b) 30 minutes after consuming the experimental drink (i.e.
sodium bicarbonate solution or placebo), (c) after 10 and 20 minutes of steady-state exercise
on a mechanically-braked cycle ergometer (Monark 827e, Monark Exercise AB, Vansbro,
Sweden), and (d) after 2 minutes of passive recovery from exercise with the subject seated
in a chair. On average (±SE), steady state exercise started 41± 1 min after drink
consumption; therefore, the exercise BP measures were taken at approximately 50 and 60
minutes after dosing. The timing for our protocol was based on research which demonstrates
that changes in plasma pH and bicarbonate concentrations are near maximal (~70%) 30
minutes after a 300 mg·kg−1 oral bicarbonate load at maximum change 60 min after loading
[27,31].

During the first of the two trials for each subject, cycling consisted of an initial stepwise
increase in work rate until 60% heart rate reserve (HRR) was attained [where 60% HRR =
0.60 × (maximal HR − resting HR) + resting HR]; then, an additional 20 minutes of steady
state exercise was performed at the work rate that initially elicited 60% of HRR. For the
incremental portion of the exercise protocol, resistance on the cycle ergometer was set at 1.0
kg and was then increased by 0.5 kg every 3 minutes until target HR was attained. On
average (±SE), 60% of HRR was attained 6.8±0.5 min after initiating exercise. Pedal rate
was initially self-selected but was required to remain constant throughout the exercise
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protocol. Pedal rate and resistance were continuously monitored by the technician to ensure
that they remained constant during the 20 minutes of steady state exercise. During the
second of the two trials for each subject, the work rate and pedal rate from trial 1 was
replicated and was not dependent on HR response. No warm-up exercise was performed in
either trial.

e. Dietary and Exercise Control
To avoid possible confounding effects of variations in dietary factors (e.g. sodium or fluid
intake) and exercise on study outcomes, participants kept a diary of all foods and beverages
consumed and all exercise performed during the 24 hours prior to the first trial and were
instructed to follow the same diet and exercise routine during the 24 hours prior to their
second trial. Participants were also advised to refrain from using nutritional supplements and
over-the-counter medications for 1 week before each study trial.

f. Blood Pressure, Heart Rate, and Rate Pressure Product Measurements
All BP and HR measures were performed by a technician who was formally trained in these
methods and certified by the American College of Sports Medicine as a Health/Fitness
Specialist. BPs were measured using auscultation and a mercury sphygmomanometer
according to JNC 7 guidelines [25]. In brief, resting BP was initially measured twice in each
arm after 5 minutes of seated rest; thereafter, the arm with the higher BP was used for all
subsequent BP measurements. If duplicate measures were discrepant by >5 mmHg,
additional measures were made. Duplicate measures at each assessment time point were
averaged [25]. During exercise, BP was measured after 10 and 20 minutes of steady-state
exercise.

Resting HRs were measured by manually palpating the radial artery for a 60 seconds.
Exercise HRs were monitored with a wristwatch-type HR monitor (Polar RS200, Polar
Electro Oy, Kempele, Finland) at the same time intervals as described for exercise BPs.

Mean BP was calculated as 2/3rds diastolic BP + 1/3rd systolic BP. Rate pressure product
was calculated as the product of HR and systolic BP and was used as an index of myocardial
oxygen consumption (or myocardial work) [32].

g. Cardiorespiratory Fitness
Predicted maximal oxygen uptake (VO2max) was measured using standard methods [26]
and used as an index of cardiorespiratory fitness. In brief, a regression equation was
generated for each subject based on the relationship between resting and submaximal
exercise HR and predicted oxygen uptake (VO2). Resting HR was measured as described
above and resting VO2 was assumed to be 3.5 mL/kg/min. Exercise HR was measured
during the submaximal exercise which was performed during the placebo exercise trial to
avoid any possible effects of bicarbonate on HR. Exercise VO2 was predicted based on a
standard equation for predicting VO2 from cycle ergometry work rates [26]. The resulting
regression equation was used to predict VO2 at age-predicted maximal HR, where age-
predicted maximal HR = 208−0.7*age in years [33] and this value was considered VO2max.

h. Gastrointestinal Discomfort
The participants were advised to inform the investigators about any symptoms of
gastrointestinal (GI) distress or discomfort experienced at any time during the study trial
(such as nausea, vomiting, diarrhea, bloating, cramping, lightheadedness, and thirst). Thus,
the nature of the symptom monitoring was open-ended and did not involve specific
questions at set time intervals. At the end of the trail, participants were asked to use a verbal
numeric rating scale to provide a global rating of the severity of GI distress when it was at

Kahle et al. Page 4

Nutr Res. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



its worst during the trial (0–10 scale, with zero reflecting no GI distress at all and 10 being
the most severe GI distress imaginable). Verbal numeric rating scales are common and valid
for measuring patient-assessed global pain [34,35] and have also been validated for use in
evaluating global symptom severity in patients with irritable bowel syndrome [36].

i. Sample Size Determination
Sample size was calculated a priori based on a standard deviation for duplicate BP measures
of 10 mmHg, a desired statistical power of 0.80, an alpha error rate of 0.05 for a two-tailed
test, and a clinically relevant blood pressure effect size of 10 mmHg. Results indicated that
10 subjects would be needed. Eleven subjects were enrolled to account for possible drop out;
however, no subjects dropped out.

j. Statistical Analyses
Baseline values (before dosing) for quantitative outcomes were compared by using paired t-
tests. For quantitative outcomes measured after dosing, two-factor (treatment × time)
repeated measures ANCOVAs were used in which the dependent variable was the outcome,
as measured after dosing, and the covariate was the baseline value of the outcome (as
measured before dosing). GI symptom frequencies were compared by using single-sided
non-parametric Cohen’s Kappa Coefficients, which account for the repeated measures
nature of the data. Significance was accepted at the p≤0.05 level. All values are reported as
means ± standard error of the mean. Statistical analyses were performed with SAS
(Enterprise Guide, version 4.3, SAS Institute Inc., Cary, NC).

3. RESULTS
a. Subject Characteristics

Eleven volunteers met the inclusion criteria for the study and were enrolled; all completed
both trials and provided valid data. Subject characteristics are provided in Table 1. Although
18–55 year-old individuals were eligible, all enrolled participants were 22–28 years of age.
Similar numbers of men and women participated. Some of the men had BMI values >25.0
kg/m2, suggesting that they were overweight. Although body composition was not
measured, none of these individuals had waist circumferences that would suggest
overweight or obesity (i.e. all were <102 cm [37]) and based on our subjective observations,
BMI was high in these individuals because of high muscle mass, not adiposity. Strength
training histories were not obtained.

Based on normative data for cardiorespiratory fitness (i.e. VO2max) in 20–29 year old men
and women [26], men in our study were at the 71st percentile and women were at the 67th

percentile, indicating that the participants were moderately exercise trained. Most study
participants (n=10, 91%) reported that they did not avoid salt or sodium in their diet; one
subject reported intentionally avoiding dietary sodium for health purposes.

b. Bicarbonate Dosing
The average dose of sodium bicarbonate that was administered was 22.0 ± 1.7 g (3.6% in
solution) with a range of 15.4–31.6 g. This provided 5857 ± 454 mg sodium (range 4109–
8437 mg).

c. Blood Pressure, Heart Rate, and Rate Pressure Product
At baseline (before bicarbonate or placebo ingestion) no differences were observed between
the bicarbonate and placebo trials for resting BP (systolic, diastolic, or mean), HR, or rate
pressure product (Figure 1). As expected, exercise resulted in increases (all p<0.0001 for
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main effect of time) in systolic and mean BPs, a decrease in diastolic BP, and increases in
HR and rate pressure product; all measures returned toward baseline during recovery from
exercise (Figure 1). This pattern of change from rest to exercise and recovery did not differ
between the bicarbonate and placebo trials for any of the outcomes (p-values for treatment
by time interaction were as follows: systolic BP, p=0.76; mean BP, p=0.87; diastolic BP,
p=0.80; HR, p=0.08; and rate pressure product, p=0.80). Because none of the interactions
effects were significant, no time point-specific paired comparisons were performed.
However, tests for main treatment effects indicate that bicarbonate loading resulted in higher
diastolic BP (3.3±1.1 mmHg, p=0.01), HR (10±2 bpm, p=0.002), and rate pressure product
(1254±575 bpm x mmHg, p=0.05). No significant main treatment effects were observed for
systolic and mean BP (Figure 1).

d. Gastrointestinal Distress
At baseline, before bicarbonate and placebo administration, none of the study participants
reported symptoms of GI distress. In response to bicarbonate loading, all 11 subjects (100%)
reported symptoms of GI distress, with diarrhea, thirst and bloating being the most common
complaints (Table 2). In the bicarbonate trial, all subjects reported having at least two of the
symptoms shown in Table 2, with one subject who reported having 5 of the 9 different
symptoms, two who reported having 4 symptoms, six who reported having 3 symptoms, and
one who reported 2 symptoms. In contrast, the only complaints about GI discomfort in the
placebo trial were thirst by one subject and hunger by another subject. During the
bicarbonate trial, the average rating of global GI distress severity was 5.1±0.5 (0–10 rating
scale). This was 10-fold greater (P< 0.0001) than the average rating of 0.5±0.2 during the
placebo trial.

4. DISCUSSION
The principal finding of this study is that bicarbonate loading, with a dose of sodium
bicarbonate that is commonly used for exercise performance enhancement (i.e. 300
mg·kg−1), modestly increases diastolic blood pressure (~3–4 mmHg, p=0.01) during rest,
exercise, and recovery from exercise in healthy young adults. While a long-term increase of
this magnitude would be expected to increase the risk of death due to stroke and other
vascular diseases by ~30–40% [38], it is not likely to be problematic with isolated
occurrences of bicarbonate loading because the effects are short-lived. Furthermore, while
an increase in systolic pressure might be expected to acutely increase the risk of
hemorrhagic stroke [20], especially during exercise when systolic pressures are high,
diastolic pressure, which decreases modestly during exercise, would not increase peak forces
on the vasculature and therefore wouldn’t be expected to increase the risk of vascular
rupture. Therefore, form a clinical perspective, it doesn’t seem likely that the small transient
increases in diastolic blood pressure that results from bicarbonate loading would be
associated with health risks. In this context, we reject the research hypothesis and conclude
that bicarbonate loading does not have clinically relevant adverse effects on BP.

Research has demonstrated that an 800–2500 mg infusion of sodium [16–18] and a daily
increase in dietary sodium of 2300 mg/d [19] increase blood pressure by ~6–10 mmHg
systolic and ~3–4 mmHg diastolic. Therefore, it is not clear why a sodium load of nearly
6000 mg in our study did not affect systolic BP at all and did not have larger effects on
diastolic BP; however, several factors warrant consideration. First, our study sample
consisted of young men and women who, by virtue of being young, were not likely to be
salt-sensitive (salt sensitivity is often defined as a ≥5 mmHg increases in BP with a ~3500–
7000 mg/d increase in dietary sodium [39,40], although testing protocols and definitions
vary). The prevalence of salt-sensitivity in young adults is ~13% [41]. Future studies should
target populations in which salt-sensitivity is more prevalent such as middle- to older-aged
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individuals (≥45–50 yr, ~20–40% prevalence [41,42]) or African Americans (~20–50%
prevalence [40,43]). It is also possible that sodium from sources other than sodium chloride
does not affect BP. Some research has demonstrated that moderate sodium doses (~3200
mg/d) from sodium bicarbonate [44] and large sodium doses (~5520 mg/d, similar to that
used in the present study) from sodium citrate [45] do not adversely affect BP, while
equimolar amounts of sodium chloride do increase BP (~5–16 mmHg). Other research,
however, has demonstrated that sodium bicarbonate (5750 mg/d sodium) does increase BP
(mean arterial pressure increases ~5 mmHg), albeit to a lesser extent than equimolar doses
of sodium chloride (~11 mmHg) [46]. It is also conceivable that athletes and exercise trained
individuals, who frequently have large sodium losses in the form of sweat, may be able to
tolerate large doses of sodium without adverse effects on BP.

Another possible explanation for the negligible changes in BP is that the sufficient time was
not allowed for the full effect of the sodium load to develop, as resting BP was measured 30
min after dosing and exercise measures were taken at 50 and 60 min after dosing. To our
knowledge, the time course of BP changes after a single, large oral sodium load has not been
studied. However, a 3% sodium chloride infusion (~800 – 2500 mg sodium in solution)
increases BP by ~10 mmHg within 20 minutes [16–18]. Because intestinal sodium
absorption is rapid (~6900 mg/h) [47], rapid effects on BP might also be expected after an
oral sodium load.

An unexpected finding was a higher HR after bicarbonate loading, which was evident during
rest, exercise (at the same work rate in the two trials), and recovery. An explanation for this
phenomenon is not possible based on data from the present study. However, it is
conceivable that the marginally higher diastolic BP might have been involved through its
effects on vascular conductance and cardiac hemodynamics [48]. Alternatively, it is possible
that the GI effects of bicarbonate loading were associated with alterations in autonomic
nervous system activity, which would have their own effects on HR and cardiovascular
function [49]. Nonetheless, the finding of a higher HR during steady-state exercise (and the
resulting rise in rate pressure product, as an index of myocardial oxygen consumption [32])
raises the possibility that bicarbonate loading may have negative effects on aerobic exercise
performance, although proper studies on this issue are needed.

A secondary but important finding of this study was the ubiquitous and severe
gastrointestinal distress that resulted from bicarbonate loading. While the reason for this is
not clear, ingestion of hypertonic solutions, such as the sodium bicarbonate solution
provided in the study (~880 mOsm/L), causes an intraluminal osmotic load and water shift
from plasma (~300 mOsm/L) and extracellular fluid to the intestinal lumen [50]. This would
be expected to contribute to osmotic diarrhea (gastric dumping) and/or related
gastrointestinal distress, and might contribute to systemic dehydration (this might explain
the lack of increase in BP and the high prevalence of thirst). Accordingly, all participants
reported multiple forms of GI distress after bicarbonate loading. These findings are
consistent with those from other studies, in which GI distress was prevalent (63–100%) and/
or severe (~6 on 10-point visual analog scale) [21,23,51] but not with others in which GI
distress was less problematic [5,22,52].

Studies have not evaluated the prevalence and frequency of bicarbonate loading by athletes
in the “real world.” Therefore, it is somewhat difficult to know the full ramifications of the
findings from our study. For example, if athletes use bicarbonate loading to enhance daily
training sessions and these practices continue for years, it is conceivable that the modest BP
effects observed in the present study might have long-term health consequences [38].
Furthermore, studies have not characterized the bicarbonate loading methods that are used
by athletes; therefore, it is difficult to know if our loading protocol is similar to “real world”
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practices. It is possible that athletes are using loading protocols that circumvent GI distress
problems. In this context, it is noteworthy that laboratory research has identified some
bicarbonate loading strategies that may reduce GI distress problems including co-ingestion
of the bicarbonate with a large volume of fluid (14 mL/kg body mass, ~ 1 liter for a 70 kg
athlete), using a long ingestion period (60 min), and taking the bicarbonate in capsule form,
rather than solution [22]. It is also likely that smaller bicarbonate doses result in less GI
distress than large doses; however, based on a recent meta-analysis, this would also likely
result in a smaller ergogenic effect [2].

A limitation of the present study was that the subject blinding was not effective, as all
participants were able to distinguish the bicarbonate solution from placebo. While a lack of
blinding is a major concern for studies in which exercise performance is the outcome (as this
depends heavily on motivation) [53], this could not explain the BP results because the
results were essentially negative. Furthermore, it is unlikely that the lack of blinding caused
the GI distress that we reported. Therefore, in the context of the present study, the lack of
effective blinding was not problematic. However, it would be prudent for future studies to
utilize a different strategy for blinding (e.g. use of sodium bicarbonate capsules and
matching placebo capsules). Another limitation is that we evaluated BP during steady-state
endurance exercise, not the high-intensity, short duration types of exercise that bicarbonate
loading benefits. The rationale for this was that BP measurements taken during sprinting or
other types of high-intensity exercise are very difficult to obtain and would be of
questionable validity. However, because bicarbonate loading did not affect systolic pressure
and diastolic pressure was only minimally affected, it does not seem likely that BPs during
higher intensity exercise would be of concern. Perhaps future studies could use intra-arterial
catheters to acquire blood pressure measurements during high-intensity sprint-type exercise.

In conclusion, although the recommended dose of sodium bicarbonate that is used for
exercise performance enhancement (i.e. 300 mg·kg−1) contains a large amount of sodium,
results from the present study suggest that it does not acutely increase resting or exercise
systolic blood pressure and has only minor effects on diastolic pressure, which are likely
negligible from a safety perspective. Therefore, it does not appear as though bicarbonate
loading acutely increases the risk for medical complications associated with resting or
exercise hypertension, at least in young healthy men and women. Future studies are perhaps
needed to evaluate blood pressure responses to frequent bicarbonate loading (as might be
used for regular training sessions) and for longer term loading protocols. Results from this
study also confirm other recent studies by showing that bicarbonate loading has adverse
effects on the gastrointestinal system, as evidenced by diarrhea and other symptoms of GI
distress, which might increase the risk of medical complications for athletes and negate the
performance enhancing effects.
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HRR heart rate reserve

GI gastrointestinal
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Figure 1.
Hemodynamic responses to oral ingestion of sodium bicarbonate (300 mg/kg) and placebo
during rest and steady-state constant workload exercise.
Data (means±SE) were analyzed by using two-factor (treatment × time) repeated measures
ANCOVAs, in which the dependent variable was the outcome, as measured after dosing,
and the covariate was the baseline value of the outcome, as measured before dosing. Initial
analyses evaluated the interaction between treatment and time; only when the interaction
term was not significant (as was the case for all outcomes) were the main effects evaluated.
P-values shown for treatment effects reflect differences in outcome measures when all
values for the bicarbonate trial are compared in aggregate to the values in the placebo trial.
Eleven subjects completed both the bicarbonate and placebo trials.
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Table 1

Subject characteristics.

Age (yrs) 24.6 ± 0.5

Sex

 Men 5 (45%)

 Women 6 (55%)

Height (cm)

 Men 182.9 ± 4.5

 Women 167.4 ± 4.3

Weight (kg)

 Men 90.4 ± 5.7

 Women 58.7 ± 2.2

BMI (kg/m2)

 Men 26.9 ± 0.5

 Women 21.0 ± 0.4

Waist circumference, cm

 Men 89.2 ± 3.0

 Women 70.9 ± 2.3

Waist-to-Hip Ratio

 Men 0.83 ± 0.03

 Women 0.73 ± 0.02

Resting Blood Pressure, mmHg

 Systolic 117 ± 2

 Diastolic 75 ± 2

Predicted VO2max, mL/kg/min

 Men 48.5 ± 6.0

 Women 36.2 ± 1.0

Exercise frequency, days/wk 4.6 ± 0.4

Exercise duration, min/session 65 ± 6

Exercise intensity (subjective exertion during endurance exercise)

 Light 1 (9%)

 Moderate 10 (91%)

 Hard 7 (64%)

Data are means ± SE or frequencies reported as counts and percentages. VO2max, maximal oxygen uptake (predicted based on resting and
submaximal exercise). The total sample size was 11.
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Table 2

Gastrointestinal symptom frequencies during each of the two study trials.

Symptom Bicarbonate Trial Placebo Trial P-value

Nausea 5 (45%) 0 (0%) 0.006*

Vomiting 1 (9%) 0 (0%) 0.153

Diarrhea 10 (91%) 0 (0%) <0.001*

Bloating 7 (64%) 0 (0%) <0.001*

Cramping 2 (18%) 0 (0%) 0.069

Heartburn 1 (9%) 0 (0%) 0.153

Lightheadedness 2 (18%) 0 (0%) 0.069

Thirst 7 (64%) 1 (9%) 0.004*

Hunger 0 (0%) 1 (9%) 0.153

Data are counts with percentages in parentheses. Participants were advised to inform the investigators about any symptoms of gastrointestinal (GI)
distress or discomfort experienced at any time during the study trial. The sampled included all 11 study participants, all of whom completed both
trials. P-values are from one-sided Cohen’s kappa coefficients.

*
Designates a significant difference in symptom frequency between trials based on Bonferroni-corrected p-values of ≤0.006 (i.e. 0.05 ÷ 9

comparisons).
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