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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 IS 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.
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INTRODUCTION

Sodium bicarbonate is known as baking soda andnbagowder. Molecular mass of this compound is 184.0
g/mole, its density is 2.20 g/cm3 and soluble inev@l]. The LB (Lethal Dose, 50%) toxicity of this substance in
mouse is 4.2 g/kg. This substance degrades intbocadioxide, sodium carbonate and water and with ga
production; carbon dioxide causes a faster fernient$2,3]. Thus, this compound is used to bakeesaknd bread.
In Iran, despite laws preventing the use of sodhicarbonate, but it is used in some bakeries akd aad pastry
centers [4,5]. In recent decades, some studiesimHave shown that using sodium bicarbonate ifbtbad causes
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damage to general health [5,6] . Such these prienpniles have been approved in Iran while in Earapd in the
United States of America, this compound is an apgutanaterial which is widely used in foods and roeedis [3, 7-
8]. Some studies have shown that the use of sobioarbonate in the flour fermentation process caubat the
available phytic acid in the flour enters into ltear pastry without break down and decreases tkerption of
metals such as iron, zinc, calcium and etc. [8-K$0, some studies in Iran have shown that usiogjusn

bicarbonate will reduce the serum levels of irom a@lcium [11]. Also official and unofficial websi have
mentioned the increased absorption of heavy metaiseasing waste of bread and bad taste of bré2pvhile

some studies have pointed to ineffectiveness of ithe bread quality [13]. On the other hand, sstndies have
shown the useful effect of using sodium bicarbormteathletic performance [14-17]. Use of sodiumabionate
along with bromelain and some other anti-acidshia treatment of indigestion [18,19]and calcium a&odium

bicarbonate is used to treat hyperkalemia [20-B&heficial or harmful effects that are dose-depehd®dium
bicarbonate therefore, we attempted to do a ddtassessment of the effects of this chemical comgpam human
health by a systematic review on the credible stidihich have evaluated the health effects of usodjum

bicarbonate in food (bread, pastry and etc.), dnigmkvater and medicine on human.

MATERIALSAND METHODS

The present study was a systematic review of thecétion between Sodium bicarbonate consumptidnhaman
health. To find the conducted studies in Iran ama world, were used the databases of Pubmed, ScOwir,
Embase and ISI Web of Science.

1.2. Thecriteria of selection and evaluating quality of studies

At first, a list of titles and abstracts of all #ahle studies in databases mentioned by threarelsers (Ya.F, Ha.K,
At.R) was developed to avoid biased investigatoRelated titles were examined independently themwcbein

studies which were published between the dates &®2016, were done. Searching was done for twdksvéem

23.01.2016 to 07.02.2016, then the related werkiated initially as blind and independently wereeeed into the
research process. Similar studies were excludegl.nfdin inclusion criteria of different to this syudere referring
to the Sodium bicarbonate consumption and humalthhe&he researches which were not the primargissior

were about treatment, determining the clinical ahteristics, clinical decision making and evaluasimot Sodium
bicarbonate consumption and human health. In thengephase, the abstracts of different selectediestuvere
evaluated by a researcher using Strengtheningetperting of observational studies in epidemiolo§f ROBE)

check list which is a standard check list. Thisathkst contains 43 various sections and aspectaathodology
including sampling methods, measuring variablesjsdical analysis and evaluates the objectivestudies [23]. In
this check list, the minimum and maximum scoresewemsidered as 40 and 45, respectively. Findlb/top paper
which had been obtained at least 40 score givémetgquestions of the check list were entered t@vev

2.2. Data extraction

In this study, 14 studies which almost a same nutlogy was used in all of them and were perfornrechf1992
to 2015, were evaluated. The required importamrimftion to analyze data including the informatietated to the
topic, titte and methodology such as method of istidtype of studies, location of studies, datelist) target
population, side effects and outcome were gathered.

RESULTS

By searching in data sources of Ovid, Scopus, Emi& Web of Science and Pubmed using the indepersdudy
and strategy, totally 1954 were obtained. Afteigeing their titles by two persons, the studieseveglected which
pointed out the presence and absence of side ®ffect benefits in humans that the number rose 0. 92 this
stage, review and case reports were removed anauthéer of articles were reached to 284. Thensthdies that
referred to sodium bicarbonate in human, were tefefor a detailed studies with a total number 4fatticles
(Figure 1). No study was not found in this studgttbxamined the harmful effects of using sodiunatiionate on
human health. The obtained evidences included waenal studies and clinical trials and more ie field of
treatment and useful effects of this compound. Adiog to studies that were done on the selectexgffects of
sodium bicarbonate can be divided into cardiovascgastrointestinal, hematologic, pulmonary, repakology,
endocrinology and metabolism, electrolyte and fiometl categories. Most of studies indicate thatiwod
bicarbonate is ineffective on these cases or ewwn & beneficial effect. The complications which éndoeen
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reported, included gastrointestinal and partiattetdyte symptoms in the therapeutic dose. Onlgdme case report
studies, it was noted to the using complicationsaafium bicarbonate in high dose.

Identification and
screening

Eligibility

Including to review

Y

Record identified through database in the
Ovid, Scopus, Embase, ISI web of science and
PubMed studies; (n=1954)

\ 4

Excluded on basis of title and
abstract (n=954)
Excluded for other reason (n=79)

Full text article Sodium bicarbonate
and human health (n=921)

case reports
Animal stud

Reviews, editorials, commentaries, and

studies (n = 254)
Irrelevant exposures or outcomes (n = 94)

(n=559)
ies and human in vitro or in vivo

4

Case-control studies (n=6)

Prospective studies (n=8)

Figure 1. Theresultsof study in database of Ovid, Scopus, Embase, I S| Web of Science and Pubmed using studies strategy

Table 1. Content analysis of inserted studiesin the systematic review

Article | First author Type of Target nopulation Side effects compared to the Outcome
No. (Date) studies get pop control group
Cau_ses an |n_creased UMNAYrhere is no difference between blogd
sodium  excretion, decreased . - L
Schorr et . 21 healthy women and =~ : ) glucose, insulin and blood lipids of twp
1 Prospective urinary  calcium  excretion
al(1996) men . roups
hypotension at the rest, no effec value<0.001)
on 24-hour blood pressure P )
. . No . papent with th? Serum albumin and pre-albumin levgls
2 Verove et prospective 18 patients with renal complications such as fluid after correction of acidosis were cleafly
al (2002) insufficiency retention, weight changes and.
increased
blood pressure chang
No complications including Increased serum bicarbonate level was
. .. | hypertension before dialysis arnot associated with any complicatian
3 Brady et al prospective 166 _ patients \.N'th weight gain during dialysis were and is well tolerated. No difference
(1998) chronic hemodialysis . : :
seen. Weight loss was even seebetween serum albumin and potassiiim
during dialysis levels was seen (p value<0.01)
No difference in the incidence qgf . L
. .. | diarrhea, anorexia and alopec aPhysu:aI condition anq amount ¢f
Tamura et| Case 10 patients with ' ) . pleasure from food in the group
4 The rate of weight loss in the o . ;
al (2004) control colorectal cancer - . receiving sodium bicarbonate wefe
group receiving sodium -
. 4 ; better and vomiting was lower
bicarbonate was a little higher
Decrease in total cholesterol, LDL,
18 postmenopausal . sVCAM-1, sICAM-1, an indicator of
5 Schoppen Case women who did not use No change was occurred in th Ccardiovascular disease and fasting
et al (2004) | control s blood pressure h
any medicines blood sugar increased HDL (p
value<0.001)
In  half of cases, patents
Swartz et al 157 patients who are experience nausea, abdominal
6 (1992) prospective | candidates off fullness, abdominal cramps ard-
colonoscopy vomiting which were mild and
transient
Brito- Case 129 patients with renal A clear difference in terms of Causes slow progression in renal
7 Ashurst et insufficiency with low | hospitalization due to congestieinsufficiency and improvement of
control - . "
al (2009) level of serum| heart failure, hypertension andnutritional status
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bicarbonate edema with need to sever@R=0.13, (Cl: 0.04-0.4)
treatment was not seen
Causes an increase in theNo difference was seen in the
3 Cameron Case 25 male athletes incidence of bloating, abdominal performance of athletes receivirjg
et al (2010) | control pain, diarrhea, nausea and blopdodium bicarbonate supplementatipn
lactate levels compared to the control group
9 Moreno Case 24 patients with t':ligasrllad:n:tf;e(:tcﬁzfjen? tt?orSIOd\'AL;,T;_
et al (2006) | control gastrointestinal cancer P 9
reportet
Improvement of metabolic acidos|s
Oriet al _ 13 _ patients _ with| It is fol_lowed by decreafsed ureq,with a decreas_e in IL-10 secretion,l no
10 (2015) prospective | chronic renal disease potassium, pH and increasedchange in weight, pressure, creatite,
(12 women and 1 man) serum bicarbonate sodium, calcium, PTH, Hg and CRP
was seen (P value<0.001)
Wang et al _ Ile?/9e|patlecr)1]fs W'tgemg: No side' effect related_ t Incn_'eased efficacy of CRP in the
11 (2015) prospective potassium consumption of sodium patients. Men:OR:1.99 (Cl:1.33-2.96)
. bicarbonate was seen for women: OR:2.47 (Cl:1.22-5)
(hyperkalemia)
12 gerezd ' Case 80 young volunteers Decreased systolic bloojDﬁclr(:“atlsec‘| LDL, dretduiﬁd tottill
alr(aznoio(;s €l control without cardiac disease pressure ;rgu%s(;e)r\?alucggg)r.)g(r)i) 0 the contio
Wu et al No side effect related to sodiumReduced lactate and increased pH|in
13 prospective | 9 tennis players bicarbonate consumption wasthe blood compared to the contrpl
(2010)
reported group (p value<0.05)
Mer et al _ _ N_o side effect related tp sodiumincreased in the speed of swimmers
14 (2013) prospective | 30 swimmers bicarbonate consumption wascompared to the control (p
reported value<0.001)
DISCUSSION

In this study strategy were studies for finding tieneficial and harmful effects of sodium bicarltenand no
studies were found to point to the harmful effaeaftsodium bicarbonate in food materials on humaaltheBut in
the meantime, some beneficial effects have beesrtexpthat will be outlined below. Some studiesalibtiave only
evaluated the effect of sodium bicarbonate on gigor of other materials and pointed only to treatinand
beneficial effects of it and not the complicatiafssodium bicarbonate. Some studies were not aabkpin terms
of quality, such as case control studies and dirtigal in their results was observed. Many stadiave shown the
inhibitory effects of phytic acid on the absorptioinessential elements such as iron, calcium amd[8i, 24-28].

Various methods cause a decrease in the availélyticpacid in cereals which is included membrangasation,
milling and fermentation [29-32]. According to tlw®nducted systematic review studies, no evidenoeghe
inhibitory effect of sodium bicarbonate on phytiichdegradation were observed. On the other hahéy studies
showed that without the addition of any yeast nialter sodium bicarbonate and only with naturahfentation, the
most part of phytate degradation (almost 50%) isedm the first 15 minutes and no considerable ghamnas
observed within 2 hours [33,34]. In regard to cavdscular system, it is reported that consumptifomater rich by
sodium bicarbonate (32.5 mmol/l of HCO3 in amount & liters in 4 weeks) with a low-salt diet haal effect on
blood pressure in healthy individuals [35]. Al&894.4 mg/l of sodium bicarbonate in 1 liter pey fiar 2 months
can reduce heart disease index [36]. Also, coniompf one liter of mineral water per day with @centration of
48 mmol and 35 mmol for 2 months causes decreag¥ddcholesterol, total cholesterol and blood pressur
compared to the control group. In fact, this statdlgwed that sodium bicarbonate consumption redineessk of
cardiac diseases in young men and women [37]. Alsasumption of calcium and sodium bicarbonate 08 1
hyperkalemia patients (serum potassium level>6.§/Meaesults in better performance of CPR [38]. Blverage of
blood pressure in patients with renal insufficietigyusing 3-6 gr of sodium bicarbonate per day&fanonths has
no difference compared to the control group andluid retention was reported [39]. In relation tasgrointestinal
side effects, using this compound in high doses @arse nausea, bloating and abdominal discomfrard
vomiting and abdominal cramps [40]. It is interegtthat this material in patients with gastrointestcancer causes
reduced nausea and diarrhea resulted from cherapthdd0,41]. In consumption of sodium bicarbonaseaa
supplement in athletes (0.3 g/kg), lactate conatintt and digestive symptoms such as cramp andnaibdbpain,
diarrhea, bloating and nausea in the receiver greene clearly higher than the control group [42hother study
showed that sodium bicarbonate consumption in yawignmers can increase their performance compardhlet
control group by regulation of blood buffering pow&5]. A series of mild gastrointestinal complicais such as
diarrhea, nausea and vomiting had been attribateddium bicarbonate in the cholera vaccine [48pdtients with
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gastrointestinal cancer and renal failure, using tompound has no effect on hemoglobin levels anemia
[44,45]. In conjunction with pulmonary and renafeets, it increases urinary sodium excretion ankenahe
progression of renal disease slow [35,46]. Alskin@g it as a supplement in the patients with refadlre did not
change blood urea nitrogen and creatinine level But, renal thromboplastic activity was clearbduced that
indicate hemostatic imbalance. Also, pulmonary tfisoplastic activity had a change [48]. In relattormetabolic
effects in healthy people, consumption of wateh it sodium bicarbonate creates no change in bifhacbse and
insulin, oral glucose and lipid tolerances [35,48l0, it causes a decrease in fasting blood gkictistal serum
cholesterol, LDL and cardiovascular risk index amdincrease in HDL in healthy postmenopausal wof&éh In
patients with renal failure, blood fasting glucdeeel was reduced and blood fasting insulin levakvincreased
compared to the control group [51]. Also, this campd has no effect on calcium and phosphorus coratem,
but increased the serum potassium concentratiorsamnon albumin level clearly and made the nutrélstatus of
these patients better [44]. In athletes, consumptiosodium bicarbonate in 9 tennis players (0Ky)gtauses an
increase in their performance through reducinglobd lactate [52] as well as using sodium bicarterf@.3 g/kg)
in 30 male swimmers causes an increase in thegdspempared to the other groups (consumer of ielicdar
buffer beta-alanine and placebo) [53]. In relatioryastrointestinal disease, consumption of sodiigarbonate not
only had no harmful effects but also reduced imprognt of patients through metabolic acidosis [S4ce some
studies have shown that IL-10 can have negativectsfion cancer resistance hence the effect of sobiicarbonate
consumption on IL-10 secretion and cancer resist@an be evaluated [55]. Although, the aim of #hisly was to
find credible evidences, we found a cross-sectiamal case reports during this study that have niateébe side
effects of sodium bicarbonate consumption in higkes$. However, these cases have been occurredyirhigh
doses that due to lack of control group, it canorlly be related to sodium bicarbonate. These itarakiding
stomach rupture following a long-term use of higis& of sodium bicarbonate [56,57], metabolic akkialf68], and
cardiac arrhythmia due to overdose has been repfH®g.

CONCLUSION

Not only evidences about the harmful effects ohigsodium bicarbonate on general health were notdpbut also
many benefits of using this compound in therapedige have been reported. In relation to the agsarts that had
referred to the complications of therapeutic dasfessing this material, any chemical compound ia kigh dose
use can be fatal. Everything is toxin and nothswgithout toxin and only the dose makes a thing-tosit.
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