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Introduction
Carbonic anhydrases (CAs) are zinc enzymes that catalyze 

the reversible hydration of carbon dioxide in the reaction 
CO2 + H2O ⇔ HCO3

− + H+ and are important for pH homeostasis 
in body tissues and ϐluids and for removal of intracellular 
carbon dioxide [1]. In mammalian cells, CAs are involved 
in several biological processes, including HCO3

− dependent 
metabolic processes, secretion of electrolytes, respiration, 
pH regulation, bone resorption, biomineralization, and 
odontogenesis [2]. Today, 16 different CA isoenzymes have 
been identiϐied in humans, of which 13 have been shown to be 

enzymatically actives. Some isoenzymes are expressed in most 
tissues, while others are tissue- or organ-speciϐic. Five are 
cytosolic (I, II, III, VII, and  XIII), ϐive are membrane-bound (IV, 
IX, XII, XIV and XV) and two are present in the mitochondria 
(VA and VB), and one (VI)  is a secreted isoenzyme [3].

CA VI is secreted into saliva with considerable individual 
variation in concentration and activity [4] and it is incorporated 
in the protein pellicle on tooth enamel and in dental bioϐilms 
[5,6]. CA VI supports the  neutralization of lactic acid and other 
acid-producing bacteria through conversion of saliva HCO3

− to 
water and carbon dioxide and pH maintenance through the 
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subsequent buffering phase [7]. CA VI is therefore suggested 
to be an important enzyme in oral physiology and tooth tissue  
integrity, i.e., resistance to caries and dental erosion [5,8]. It 
is possible that besides the concentration, the activity of CA 
VI in saliva may also be inϐluenced by other variables such 
as genetic polymorphism found in the coding sequences that 
may modulate the activity of this isoenzyme [9]. However, 
data are conϐlicting as both high and low concentrations and 
activities of CA VI have been associated with caries [3,10-12].

Typically, the saliva in the mouth has sufϐicient buffering 
capacity to neutralize the organic acids produced by bacterial 
metabolism and repair acid-damaged enamel. However, the 
increased thickness and density of exopolysaccharide-rich 
bioϐilm prevents both diffusions of saliva into the bioϐilm 
and acids  out of the bioϐilm [13]. With the progression 
of this positive feedback loop, the rate of acid damage 
(demineralization) of the tooth enamel outpaces repair 
(remineralization), leading to early caries lesion. Considering 
CA VI in dental bioϐilm, an early investigation by Kimoto, et al. 
[5], has demonstrated its activity in dental bioϐilm and Peres, 
et al. [9], have claimed that the CA VI presence contributes to 
the neutralization of plaque acid, mainly in stimulated saliva 
in which buffering is mainly performed by bicarbonate. 

Regarding the role of CA VI in protecting teeth from dental 
caries, conϐlicting evidence has  been provided in  the literature. 
The study of Szabó [14] has shown that the concentration of 
CA VI was higher in the saliva of caries-free children. On the 
other hand, Frasseto, et al. [10] have shown  that CA VI activity 
was higher in the saliva of caries-active children. According to 
Yan, et al. [15], the total salivary protein, including CA VI, was 
higher in the  caries-active children group. In the same way, 
the investigation performed by Kivelä, et al. [16] has shown 
that a low CA VI concentration in saliva was associated with 
a higher caries index. These latter authors have also found 
a negative correlation between CA VI concentration and the 
decayed, missing, and ϐilled teeth index  in individuals with 
poor oral hygiene. In addition, Picco, et al. [11,17] have found 
that CA VI was shown to be more active in saliva and bioϐilm 
of school children with caries. However, Ozturk, et al. [18] 
have found no signiϐicant difference in CA VI concentration 
when caries and caries-free young adults were compared. 
In short, the preliminary detection of these isoenzymes may 
lay some foundation for biomarker research on  dental caries 
susceptibility. 

Thus, the recognized clinical importance of this isoenzyme 
is confronted with the conϐlicting information presented by 
the available scientiϐic evidence. Hence, the aim of this paper 
was to conduct a systematic review of the literature on the 
protective potential of carbonic anhydrase VI against tooth 
decay. This review provides a summary of evidence related 
to the relationship between CA VI expression/activity in 
saliva and in dental bioϐilm, by applying explicit methods and 
systematic search, critical assessment and synthesis of the 

selected information. The available scientiϐic evidence of CA 
VI, as well as the relationship between the expression/activity 
of CA VI in saliva and/or dental bioϐilm and caries experience, 
were collected.

Materials and methods
Data sources and searches

This systematic review was conducted based on the 
Preferred Reporting Items for Systematic Reviews available 
at http://prisma-statement.org [19] and on the PICOS model 
[20] for the deϐinition of the inclusion criteria as follows: 
P (Population): “human children from 2 to 12 years old”, 
I (Intervention: in this case, analysis performed): “Analysis 
of concentration and/or activity of carbonic anhydrase VI in 
saliva and/or in dental bioϐilm”, C (Comparison): “children 
with no caries experience”; O (Outcomes): “relationship 
between concentration and/or activity of CA VI in saliva and/
or in dental bioϐilm and dental caries”; and S (Study Design): 
“transverse or longitudinal study”. The study protocol was 
not registered. Because this study was a systematic review, 
ethical approval was not required. 

The electronic databases PubMed/MEDLINE, EMBASE, 
Cochrane Library, PEDRO, as well as the search engine Google 
Scholar were systematically searched with the search terms 
(carbonic anhydrase VI) AND (saliva) AND (dental plaque OR 
bioϐilm) AND (dental caries) AND (children). The  language 
was restricted to English. All study designs, except systematic 
reviews, were included. The literature search was concluded 
on February 1st, 2020.

Data extraction and quality assessment 

Two investigators experienced in the signal  analysis 
performed the whole data extraction process independently. 
Discussion took place after every fulϐilled part of the protocol 
until consensus was achieved. The investigators independently 
screened all titles for eligibility, based on the prior-deϐined  
PICOS inclusion criteria. In case of disagreement, the 
consensus was achieved through discussion. In the event of 
controversial  persistency, the study was taken to the next step 
which was the reading of the abstracts. Afterward , the same 
process was performed to screen the abstracts and ϐinally to 
screen the full texts for eligibility. If no consensus was found 
after the full-text  reading and discussion, a third investigator 
decided whether the study should be included or excluded. In 
the further process, the quality of the included studies and the 
risk of bias was  analyzed using “The Cochrane Collaboration`s 
tool for assessing the risk of bias” [21]. The criteria list 
included six items from which each paper was scored with 
“+” if the criteria were  fulϐilled, with “-” if  the criteria were  
not fulϐilled, or  with “?” if the data was not provided or was 
unclear. According to Viswanathan, et al. [22], the downgrade 
of the studies not designed as an  RCT (randomized controlled 
trials) was limited by rating the selection bias as unclear risk 
of bias if the method was appropriate. 
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Data synthesis and analysis

Data from the selected articles were independently 
extracted and analyzed by two investigators using a standard-
ized extraction form: First author, year; subject characteristics; 
analysis performed; outcome: measures & variables.

Results
Figure 1 presents the ϐlow chart of the selected studies. 

The literature search revealed a total of 217 records. After the  
removal of duplicates, 167 papers remained to be screened 
on titles and abstracts. A number of papers (n = 152) did not 
meet the inclusion criteria. Therefore, 15 full-text articles 
remained to be assessed for eligibility. Another 10 studies 
had to be excluded because they did not fulϐill the inclusion 
criteria (1 study in adolescents; 4 studies in adults; 1 study in 
the Chinese language; 4 studies on genetic factors). Finally, 5 
studies were included for further analysis.

Methodological quality

Following “The Cochrane Collaboration`s tool for assessing 
the risk of bias”, all studies showed an unclear risk of allocation 
concealment. All studies showed a low risk of bias concerning 
the blinding of participants and personnel and 1 study a high 
risk of selective reporting bias. All studies featured a low risk 
of other bias, except one due to the unclear description. The 
summary of bias is depicted in Table 1. 

Study characteristics

The activity and concentration of CA VI were investigated 
in 5 studies. The summary of the  data analysis is depicted 
in Table 2. In the included studies, two main topics were 

discussed: the expression/activity of CA VI in saliva and in 
dental bioϐilm and its relationship with dental caries. These 
topics are deϐined in the following section and summarized in 
Table 2. 

Discussion
Saliva works as a protective factor of the oral hard 

and soft tissues as it facilitates clearance of food debris 
and sugars, contributes to aggregation and elimination of 
microorganisms, has a buffering capacity to neutralize acids, 
promotes the  remineralization of tooth enamel, and  has some 
antimicrobial properties [23]. Thus, salivary composition and 
functional properties such as ϐlow rate have been found to be 
associated with dental caries to varying degrees [24]. Such 
salivary properties can be used as biomarkers for the  risk of 
future disease and could potentially inform interventions to 
address this risk [25].

The protein concentration in saliva is approximately 2 mg/
ml, about one-thirtieth of that of the plasma so a  few amino 
acids still have a signiϐicant buffering effect in the usual pH 
of the oral cavity. The salivary proteins are also involved in 
modulating the  colonization of microbes on the teeth and soft 
tissue in the oral mucosa and in the  chemical modulation of 
salivary calcium and phosphate [26]. The salivary proteins also 
participate in the formation of the acquired enamel pellicle, 
which is not only protective but also inϐluences the initial 
microbial colonization on the tooth surface. The production 
of bases from basic amino acids and peptides in saliva may aid 
in neutralizing acids in the plaque. Collectively, the salivary 
proteins, show a broad range of functional activities that 
can assist in maintaining the integrity of the mouth, as well 
as in offering protection against oral and non-oral microbial 
infections [27].

The existence of carbonic anhydrase in human saliva has 
been known for 60 years [28], but to this day, little is known 
about the physiological role and the importance of CA VI in 
the saliva of children. Salivary CA VI, a zinc metalloenzyme is 
the only known secreted isoenzyme of the CA family, which 
has been detected in the saliva secreted by the serous acinar 
cells of the  mammalian parotid and submandibular glands. 
It catalyzes the reaction that bicarbonate ions to  neutralize 
the acids formed by plaque bacteria (CO2 + H2O ↔ HCO3

- + H+).
By catalyzing this reaction, CA VI is believed to provide a 
greater buffering capacity to saliva by penetrating dental 
bioϐilm and facilitating acid neutralization by salivary 
bicarbonate [5]. There is evidence suggesting that salivary CA 
is a multifunctional enzyme, which affects taste bud growth, 
protection of the teeth from caries, and acts as an anti-
inϐlammatory agent [18]. 

Salivary CA VI  appears to protect teeth from caries via 
mechanisms other than direct regulation of salivary pH and 
buffering capacity [29]. In this sense, several researchers  have 
investigated the relationship between the CA VI concentration 
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and caries experience [14-18,30] and between the CA VI 
activity and caries experience [10,11,23]. The relationship 
between caries, pH, and buffering effect  of the saliva has 
frequently been examined and some investigators have found 
that the buffering capacity and pH show a difference when 
comparing caries-active and caries-free groups [31,32]. 

As the literature has shown conϐlicting evidence regarding 
the relationship between the concentration and activity of CA 
VI in saliva or in the dental bioϐilm of subjects with and without 
caries, this systematic literature review was conducted to 
critically evaluate this issue. The study designs of the included 
studies were appropriate regarding their research questions.

The study of Szabó [14] was performed with school 
children and adolescents aged 7 to 12 years old and has 
shown that in both stimulated and unstimulated saliva, 
CA VI concentration was higher in the saliva of caries-free 
children living under standardized conditions. However, the 
authors were not able to ϐind a signiϐicant difference in CA VI 
activity in saliva of caries and caries-free subjects when they 
investigated children who lived and had their meals with their 
family at home. These results give emphasis the importance 
of selecting subjects whose nutritional and living conditions 
are easily controllable, identical, and constant for at least 21/2 
years. However, a homogenous sample may not represent the 
CA VI behavior in the whole population. Moreover, although 
these authors claimed they determined CA VI activity in saliva, 
the methodology used in their research made it possible to 
determine just the concentration of CA VI in saliva. In this 
view, one should keep in mind that considering the relevance 

of salivary proteins in the caries dynamic process, it seems 
more important to investigate the activity of this isoenzyme 
in saliva and in bioϐilm. In addition, it is known that during 
the cariogenic challenges in the oral environment, this active 
CA VI catalyzes the reversible reaction of carbon dioxide in 
the reaction of CO2 + H2O ↔ H+ + HCO3

- and thus accelerates 
the  neutralization of acid from the local environment of tooth 
surface [3,5].

In this regard, the investigation performed by Frasseto, 
et al. [10], has determined the activity of CA VI in the saliva 
of preschool children and has investigated the relationship 
between dental caries and salivary CA VI activity, salivary 
ϐlow rate as well as bioϐilm pH before and after a 20% sucrose 
rinse. In this study, the pre-rinse CA VI activity was higher 
in the saliva of children with dental caries. This result does 
not agree with those reported by Szabó [14], who found a 
higher activity of CA VI in caries-free children. However, it 
should be emphasized that while the methods of analysis 
employed by the previous authors were able to determine 
just the expression of salivary CAVI, in the study of Frasseto, 
et al. [10] the authors used the zymography method [33] to 
quantitatively determine the  activity of CA VI in the saliva of 
preschool children after a cariogenic challenge. They have also 
evaluated the variation of CA VI salivary activity after a 20% 
sucrose rinse and demonstrated that in the saliva of preschool 
children, the difference between the pre-rinse CA VI activity 
and the post-rinse CA VI activity was associated with caries. 
In addition, after a 20% sucrose rinse a decrease in the CA VI 
activity was observed only in the  saliva of children with caries. 
This ϐinding can  be explained by the fact that CA VI catalyzes 

Table 1: Cochrane risk of bias analysis.

Author, year Allocation concealment 
(selection bias)

Blinding of participants and personnel 
(performance bias)

Selective reporting 
(reporting bias) Other bias

Picco, et al. 2019 [17] ? + + +
Picco, et al. 2017 [11] ? + + +
Borghi, et al. 2017 [23] ? + + +

Frasseto, et al. 2012 [10] ? + + +
Szabó, 1974 [14] ? + - ?

+ low risk of bias / - high risk of bias /? unclear risk of bias.

Table 2: Data extraction: Summary of CA VI analysis and dental caries.

Main objective First author, 
year

Subject characteristics: sample 
size (n), group-specifi cation, age Analysis performed Outcomes, Measures & Variables

Correlation between CA VI 
concentration/ activity and dental 

caries in dental biofi lm.

Picco, et al. 2019 
[17] 74 school children aged 7 - 9 years

 pH and the correlation between 
concentration and activity of CA VI and 

caries.

CA VI was shown to be more active 
in the biofi lm of school children with 
caries in order to contribute to the 

neutralization of biofi lm acid.

Correlation between CA VI 
concentration/ activity and dental 

caries in saliva.

Picco, et al. 2017 
[11] 74 school children aged 7 - 9 years

Salivary fl ow, pH, buff er capacity and the 
correlation between concentration and 

activity of CA VI and caries.

Children with a higher activity of CA 
VI in saliva and a lower salivary fl ow 

rate were more likely to develop dental 
caries.

Relationship between early 
childhood caries and CA VI 

activity.

Borghi, et al. 
2017 [23]

37 preschool children aged 2 - 4 
years

Correlation among α-amylase, CA VI, 
and the presence of visible biofilm and 

early childhood caries.

No correlation was detected between 
dental caries and the activity of salivary 

CA VI.

Correlation between CA VI 
activity and dental caries.

Frasseto, et al. 
2012 [10]

30 preschool children aged 3 - 6 
years

The relationship between dental caries 
and salivary CAVI activity, salivary fl ow 
rate, and plaque pH before and after a 

20% sucrose rinse.

The pre-rinse CA VI activity and its 
variation were higher in the saliva from 

caries children than from caries-free 
children.

Correlation between CA VI 
concentration and dental caries. Szabó, 1974 [14]

52 children aged 7 - 14 years 
living under heterogeneous and 

standardized conditions

Investigation about the diff erence in the 
CA VI content in the saliva of carious 

and caries-free groups.

CA VI concentration in saliva of non-
carious children was higher than in 

children with active caries.
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the reaction of CO2 + H2O ↔ HCO3
- + H+ in both directions 

which means that this isoenzyme may neutralize or acidify the 
media depending on the oral environment conditions. Besides 
that, it is known that children who develop caries are more 
frequently exposed to daily sugar consumption and that this 
routine is signiϐicantly correlated with early childhood caries 
[34,35]. With regard to salivary ϐlow rate and bioϐilm pH, no 
correlation was found between these variables and dental 
caries.

The longitudinal study of Borghi, et al. [23] was performed 
with 100 preschool children aging 24–48 months. In this 
study, the authors have investigated the relationship between 
CA VI and α -amylase activity in saliva and early childhood 
caries and have shown that the activity of the CA VI was 
significantly higher in the saliva of pre-school children with 
caries than in saliva of caries-free children. Also, the activity 
of salivary ɑ-amylase was significantly higher in the saliva 
of caries-free children. The authors have also demonstrated 
a significant moderate negative correlation between dental 
caries and the activity of ɑ -amylase. Moreover, no correlation 
was detected between dental caries and activity of salivary CA 
VI, despite the authors employing  an appropriate  number of 
individuals as evidenced by their sample power calculation. 
In addition, it was clear that the presence of visible biofilm on 
the buccal surfaces of upper incisors and low salivary activity 
of ɑ -amylase increased the risk of children developing  early 
childhood caries. This investigation had some limitations 
since the authors did not determine the activity of CA VI and 
α -amylase at the  follow-up to add information on how these 
proteins would behave, as caries remineralize  or progresses. 
In this way, additional longitudinal studies are strongly 
suggested. In addition, considering that in their study only 
children with a speciϐic caries pattern and with a narrow age 
range were investigated, it would be relevant to know how 
these proteins would behave in saliva and in dental bioϐilm as 
children got older.

For this purpose, the study performed by Picco, et al. 
[11], studied both parameters: isoenzyme concentration and 
activity and their relationship with dental caries in 74 school 
children aged 7-9 years old divided into caries and caries-
free children. The results have shown that the activity of CA 
VI isoenzyme in saliva was signiϐicantly higher in children 
with caries than in caries-free children. This study has  also 
demonstrated that the concentration of CA VI was signiϐicantly 
higher in the saliva of caries-free children than in children with 
caries. In addition, a moderate positive correlation between 
CA VI activity and concentration was noted in the carious 
group. Also, a negative weak correlation between saliva pH 
and CA VI concentration was observed in the caries-free 
group and a moderate negative correlation between buffering 
capacity and CA VI activity was observed in the carious group. 
Their results have ϐinally demonstrated that children with a 
salivary ϐlow rate lower than 1.06 mL/min have a 3.88 times 
higher chance of developing caries. In addition, children with 

an activity of CA VI in saliva higher than 1.75 are 4.88 times 
more likely to develop caries. These authors suggested that 
the activity of CA VI in saliva may be considered a biomarker 
for caries development.

Finally, in the most recent study of this review, Picco, et al. 
[17] investigated pH, activity, and  concentration of CA VI in 
dental bioϐilm of caries and caries-free children of 7 - 9 years 
old divided into caries and caries-free children. The results of 
this study demonstrated that CA VI is not only concentrated 
in bioϐilm, but more importantly, the isoenzyme is active 
in order to increase acid neutralization after the frequent 
cariogenic challenges that children with caries are expected 
to be exposed.  Indeed, CA VI activity was signiϐicantly higher 
in the bioϐilm of children with caries than in the bioϐilm of 
caries-free children. This result suggests that the isoenzyme is 
being more constantly activated in individuals with caries as 
a protective mechanism to neutralize the pH of the medium, 
speciϐically of dental bioϐilm, to provide a greater defense 
against enamel demineralization. 

As previously discussed, all studies have limitations and, 
in this sense, future investigations that address the above 
referred methodological aspects are strongly encouraged. In 
addition, it is worth noting that this research has as signiϐicant 
limitations the limited number of studies in the literature 
on the subject addressed, considering the inclusion criteria 
established for this proposal, besides to the fact that only ϐive 
studies were included in this systematic review project, which 
may also have inϐluenced the results obtained. However, 
the simultaneous information concerning the activity and 
concentration of CA VI in the saliva is of high clinical relevance 
because it offers valuable information about its potential 
protective effect in modulating the caries dynamic process. 
This knowledge allows us to optimize the experimental 
protocols for this biomarker, as well as to develop preventive 
measures against dental caries with increasing precision. 
These aspects should be considered in future studies.  

In conclusion, available data on the scientiϐic evidence 
about CA VI, as well as  the relationship between the 
expression/activity of CA VI in saliva and in dental bioϐilm 
and caries experience suggests that there is an association 
between the expression/activity of CA VI in saliva and caries 
experience. However, additional prospective observational 
cohort studies are strongly encouraged to evaluate if taking 
into account the relevance of CA VI in saliva and in bioϐilm, 
this isoenzyme can be considered a reliable risk factor or risk 
indicator for caries development. 
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