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ABSTRACT
Sodium bicarbonate or baking soda is a chemical compound dissolved in water which is widely used as an additive
in foods and mineral water and as a medicine. In Iran, due to the introduction of harmful effects of this compound,
using it in baking is prohibited. Therefore, we tried to search and evaluate all health effects of using this compound
with a systematic review. In this study, all available evidences on the beneficial and harmful effects of sodium
bicarbonate were searched. The method was based on systematic study of reputable databases including Embase,
Ovid, Scopus, Pubmed and ISI Web of science. Invalid studies were found that shows the relationship of harmful
effects of sodium bicarbonate on general health. In addition to that, the studies showed therapeutic aspects and
useful effects of this material. Some studies showed the harmful effects of therapeutic using of sodium bicarbonate
with high dose that randomly happened. Reviewing of credible studies showed that not only using sodium
bicarbonate is not harmful for human health, but also using it as a drug can be useful in treatment and relief of
some diseases.
Keywords: Sodium bicarbonate, food material, drinking water, adverse effects, beneficial effects and human health.
_____________________________________________________________________________________________
INTRODUCTION
Sodium bicarbonate is known as baking soda and baking powder. Molecular mass of this compound is 184.007
g/mole, its density is 2.20 g/cm3 and soluble in water [1]. The LD50 (Lethal Dose, 50%) toxicity of this substance in
mouse is 4.2 g/kg. This substance degrades into carbon dioxide, sodium carbonate and water and with gas
production; carbon dioxide causes a faster fermentation [2,3]. Thus, this compound is used to bake cakes and bread.
In Iran, despite laws preventing the use of sodium bicarbonate, but it is used in some bakeries and cake and pastry
centers [4,5]. In recent decades, some studies in Iran have shown that using sodium bicarbonate in the bread causes
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damage to general health [5,6] . Such these preventing rules have been approved in Iran while in Europe and in the
United States of America, this compound is an approved material which is widely used in foods and medicines [3, 78]. Some studies have shown that the use of sodium bicarbonate in the flour fermentation process causes that the
available phytic acid in the flour enters into bread or pastry without break down and decreases the absorption of
metals such as iron, zinc, calcium and etc. [8-10]. Also, some studies in Iran have shown that using sodium
bicarbonate will reduce the serum levels of iron and calcium [11]. Also official and unofficial websites have
mentioned the increased absorption of heavy metals, increasing waste of bread and bad taste of bread [12]while
some studies have pointed to ineffectiveness of it on the bread quality [13]. On the other hand, some studies have
shown the useful effect of using sodium bicarbonate on athletic performance [14-17]. Use of sodium bicarbonate
along with bromelain and some other anti-acids in the treatment of indigestion [18,19]and calcium and sodium
bicarbonate is used to treat hyperkalemia [20-22]. Beneficial or harmful effects that are dose-dependent sodium
bicarbonate therefore, we attempted to do a detailed assessment of the effects of this chemical compound on human
health by a systematic review on the credible studies which have evaluated the health effects of using sodium
bicarbonate in food (bread, pastry and etc.), drinking water and medicine on human.
MATERIALS AND METHODS
The present study was a systematic review of the association between Sodium bicarbonate consumption and human
health. To find the conducted studies in Iran and the world, were used the databases of Pubmed, Scopus, Ovid,
Embase and ISI Web of Science.
1.2. The criteria of selection and evaluating quality of studies
At first, a list of titles and abstracts of all available studies in databases mentioned by three researchers (Ya.F, Ha.K,
At.R) was developed to avoid biased investigators. Related titles were examined independently then search in
studies which were published between the dates 1990 to 2016, were done. Searching was done for two weeks from
23.01.2016 to 07.02.2016, then the related were evaluated initially as blind and independently were entered into the
research process. Similar studies were excluded. The main inclusion criteria of different to this study were referring
to the Sodium bicarbonate consumption and human health. The researches which were not the primary studies or
were about treatment, determining the clinical characteristics, clinical decision making and evaluations not Sodium
bicarbonate consumption and human health. In the second phase, the abstracts of different selected studies were
evaluated by a researcher using Strengthening the reporting of observational studies in epidemiology (STROBE)
check list which is a standard check list. This check list contains 43 various sections and aspects of methodology
including sampling methods, measuring variables, statistical analysis and evaluates the objectives of studies [23]. In
this check list, the minimum and maximum scores were considered as 40 and 45, respectively. Finally, the top paper
which had been obtained at least 40 score given to the questions of the check list were entered to review.
2.2. Data extraction
In this study, 14 studies which almost a same methodology was used in all of them and were performed from 1992
to 2015, were evaluated. The required important information to analyze data including the information related to the
topic, title and methodology such as method of studies, type of studies, location of studies, date studies, target
population, side effects and outcome were gathered.
RESULTS
By searching in data sources of Ovid, Scopus, Embase, ISI Web of Science and Pubmed using the independent study
and strategy, totally 1954 were obtained. After reviewing their titles by two persons, the studies were selected which
pointed out the presence and absence of side effects and benefits in humans that the number rose to 921 . At this
stage, review and case reports were removed and the number of articles were reached to 284. Then, the studies that
referred to sodium bicarbonate in human, were selected for a detailed studies with a total number of 14 articles
(Figure 1). No study was not found in this study that examined the harmful effects of using sodium bicarbonate on
human health. The obtained evidences included observational studies and clinical trials and more in the field of
treatment and useful effects of this compound. According to studies that were done on the selected, the effects of
sodium bicarbonate can be divided into cardiovascular, gastrointestinal, hematologic, pulmonary, renal, oncology,
endocrinology and metabolism, electrolyte and functional categories. Most of studies indicate that sodium
bicarbonate is ineffective on these cases or even has a beneficial effect. The complications which have been
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reported, included gastrointestinal and partial electrolyte symptoms in the therapeutic dose. Only in some case report
studies, it was noted to the using complications of sodium bicarbonate in high dose.

Figure 1. The results of study in database of Ovid, Scopus, Embase, ISI Web of Science and Pubmed using studies strategy
Table 1. Content analysis of inserted studies in the systematic review
Article
No.

First author
(Date)

Type of
studies

Target population

1

Schorr
et
al(1996)

Prospective

21 healthy women and
men

2

Verove et
al (2002)

prospective

18 patients with renal
insufficiency

3

Brady et al
(1998)

prospective

166
patients
with
chronic hemodialysis

4

Tamura et
al (2004)

Case
control

10
patients
colorectal cancer

Case
control

18
postmenopausal
women who did not use
any medicines

with

5

Schoppen
et al (2004)

6

Swartz et al
(1992)

prospective

157 patients who are
candidates
of
colonoscopy

7

BritoAshurst et
al (2009)

Case
control

129 patients with renal
insufficiency with low
level
of
serum

Side effects compared to the
control group
Causes an increased urinary
sodium excretion, decreased
urinary
calcium
excretion,
hypotension at the rest, no effect
on 24-hour blood pressure
No
patient
with
the
complications such as fluid
retention, weight changes and
blood pressure changes
No complications including
hypertension before dialysis or
weight gain during dialysis were
seen. Weight loss was even seen
during dialysis
No difference in the incidence of
diarrhea, anorexia and alopecia.
The rate of weight loss in the
group
receiving
sodium
bicarbonate was a little higher
No change was occurred in the
blood pressure
In half of cases, patients
experience nausea, abdominal
fullness, abdominal cramps and
vomiting which were mild and
transient
A clear difference in terms of
hospitalization due to congestive
heart failure, hypertension and

24

Outcome
There is no difference between blood
glucose, insulin and blood lipids of two
groups
(p value<0.001)
Serum albumin and pre-albumin levels
after correction of acidosis were clearly
increased
Increased serum bicarbonate level was
not associated with any complication
and is well tolerated. No difference
between serum albumin and potassium
levels was seen (p value<0.01)
Physical condition and amount of
pleasure from food in the group
receiving sodium bicarbonate were
better and vomiting was lower
Decrease in total cholesterol, LDL,
sVCAM-1, sICAM-1, an indicator of
cardiovascular disease and fasting
blood sugar increased HDL (p
value<0.001)

-

Causes slow progression in renal
insufficiency and improvement of
nutritional status
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bicarbonate

edema with need to severe
treatment was not seen
Causes an increase in the
incidence of bloating, abdominal
pain, diarrhea, nausea and blood
lactate levels
No side effect related to sodium
bicarbonate consumption was
reported

RR=0.13, (CI: 0.04-0.4)
No difference was seen in the
performance of athletes receiving
sodium bicarbonate supplementation
compared to the control group

8

Cameron
et al (2010)

Case
control

25 male athletes

9

Moreno
et al (2006)

Case
control

24
patients
with
gastrointestinal cancer

It is followed by decreased urea,
potassium, pH and increased
serum bicarbonate

Improvement of metabolic acidosis
with a decrease in IL-10 secretion, no
change in weight, pressure, creatine,
sodium, calcium, PTH, Hg and CRP
was seen (P value<0.001)
Increased efficacy of CRP in the
patients. Men:OR:1.99 (CI:1.33-2.96)
for women: OR:2.47 (CI:1.22-5)

10

Ori et al
(2015)

prospective

13
patients
with
chronic renal disease
(12 women and 1 man)

11

Wang et al
(2015)

prospective

109 patients with high
level
of
serum
potassium
(hyperkalemia)

No side effect related to
consumption
of
sodium
bicarbonate was seen

12

Perez
Granados et
al (2010)

Case
control

80 young volunteers
without cardiac disease

Decreased
pressure

13

Wu et al
(2010)

prospective

9 tennis players

14

Mer et al
(2013)

prospective

30 swimmers

systolic

blood

No side effect related to sodium
bicarbonate consumption was
reported
No side effect related to sodium
bicarbonate consumption was
reported

-

Decreased
LDL,
reduced
total
cholesterol compared to the control
group (p value<0.001)
Reduced lactate and increased pH in
the blood compared to the control
group (p value<0.05)
Increased in the speed of swimmers
compared
to
the
control
(p
value<0.001)

DISCUSSION
In this study strategy were studies for finding the beneficial and harmful effects of sodium bicarbonate and no
studies were found to point to the harmful effects of sodium bicarbonate in food materials on human health. But in
the meantime, some beneficial effects have been reported that will be outlined below. Some studies which have only
evaluated the effect of sodium bicarbonate on absorption of other materials and pointed only to treatment and
beneficial effects of it and not the complications of sodium bicarbonate. Some studies were not acceptable in terms
of quality, such as case control studies and clinical trial in their results was observed. Many studies have shown the
inhibitory effects of phytic acid on the absorption of essential elements such as iron, calcium and zinc [8, 24-28].
Various methods cause a decrease in the available phytic acid in cereals which is included membrane separation,
milling and fermentation [29-32]. According to the conducted systematic review studies, no evidences for the
inhibitory effect of sodium bicarbonate on phytic acid degradation were observed. On the other hand, other studies
showed that without the addition of any yeast material or sodium bicarbonate and only with natural fermentation, the
most part of phytate degradation (almost 50%) is done in the first 15 minutes and no considerable change was
observed within 2 hours [33,34]. In regard to cardiovascular system, it is reported that consumption of water rich by
sodium bicarbonate (32.5 mmol/l of HCO3 in amount of 1.5 liters in 4 weeks) with a low-salt diet had no effect on
blood pressure in healthy individuals [35]. Also, 2094.4 mg/l of sodium bicarbonate in 1 liter per day for 2 months
can reduce heart disease index [36]. Also, consumption of one liter of mineral water per day with a concentration of
48 mmol and 35 mmol for 2 months causes decreased LDL-cholesterol, total cholesterol and blood pressure
compared to the control group. In fact, this study showed that sodium bicarbonate consumption reduces the risk of
cardiac diseases in young men and women [37]. Also, consumption of calcium and sodium bicarbonate in 109
hyperkalemia patients (serum potassium level>6.5 meq/L) results in better performance of CPR [38]. The average of
blood pressure in patients with renal insufficiency by using 3-6 gr of sodium bicarbonate per day for 6 months has
no difference compared to the control group and no fluid retention was reported [39]. In relation to gastrointestinal
side effects, using this compound in high doses can cause nausea, bloating and abdominal discomfort [4] and
vomiting and abdominal cramps [40]. It is interesting that this material in patients with gastrointestinal cancer causes
reduced nausea and diarrhea resulted from chemotherapy [40,41]. In consumption of sodium bicarbonate as a
supplement in athletes (0.3 g/kg), lactate concentration and digestive symptoms such as cramp and abdominal pain,
diarrhea, bloating and nausea in the receiver group were clearly higher than the control group [42]. Another study
showed that sodium bicarbonate consumption in young swimmers can increase their performance compared to the
control group by regulation of blood buffering power [15]. A series of mild gastrointestinal complications such as
diarrhea, nausea and vomiting had been attributed to sodium bicarbonate in the cholera vaccine [43]. In patients with
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gastrointestinal cancer and renal failure, using this compound has no effect on hemoglobin levels and anemia
[44,45]. In conjunction with pulmonary and renal effects, it increases urinary sodium excretion and makes the
progression of renal disease slow [35,46]. Also, taking it as a supplement in the patients with renal failure did not
change blood urea nitrogen and creatinine levels [47]. But, renal thromboplastic activity was clearly reduced that
indicate hemostatic imbalance. Also, pulmonary thromboplastic activity had a change [48]. In relation to metabolic
effects in healthy people, consumption of water rich in sodium bicarbonate creates no change in blood glucose and
insulin, oral glucose and lipid tolerances [35,49]. Also, it causes a decrease in fasting blood glucose, total serum
cholesterol, LDL and cardiovascular risk index and an increase in HDL in healthy postmenopausal women [50]. In
patients with renal failure, blood fasting glucose level was reduced and blood fasting insulin level was increased
compared to the control group [51]. Also, this compound has no effect on calcium and phosphorus concentration,
but increased the serum potassium concentration and serum albumin level clearly and made the nutritional status of
these patients better [44]. In athletes, consumption of sodium bicarbonate in 9 tennis players (0.3 g/kg) causes an
increase in their performance through reducing of blood lactate [52] as well as using sodium bicarbonate (0.3 g/kg)
in 30 male swimmers causes an increase in their speed compared to the other groups (consumer of intracellular
buffer beta-alanine and placebo) [53]. In relation to gastrointestinal disease, consumption of sodium bicarbonate not
only had no harmful effects but also reduced improvement of patients through metabolic acidosis [54]. Since some
studies have shown that IL-10 can have negative effects on cancer resistance hence the effect of sodium bicarbonate
consumption on IL-10 secretion and cancer resistance can be evaluated [55]. Although, the aim of this study was to
find credible evidences, we found a cross-sectional and case reports during this study that have noted to the side
effects of sodium bicarbonate consumption in high doses. However, these cases have been occurred in very high
doses that due to lack of control group, it cannot only be related to sodium bicarbonate. These items including
stomach rupture following a long-term use of high dose of sodium bicarbonate [56,57], metabolic alkalosis [58], and
cardiac arrhythmia due to overdose has been reported [59].
CONCLUSION
Not only evidences about the harmful effects of using sodium bicarbonate on general health were not found, but also
many benefits of using this compound in therapeutic dose have been reported. In relation to the case reports that had
referred to the complications of therapeutic doses of using this material, any chemical compound in the high dose
use can be fatal. Everything is toxin and nothing is without toxin and only the dose makes a thing non-toxic.
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