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Abstract
Consumption of beverages is prevalent among children and adolescents, of which the most popular beverages
were sugar-sweetened beverages (SSBs). There is evidence that common beverage consumption, like coffee and
tea, is associated with oral ecosystem. However, little is known about the effect of SSBs on the composition and
functional potential of childhood oral microbiota.To examine the associations between SSBs consumption with
oral microbiota diversity among school-aged children.Data came from the fourth wave follow-up of an ongoing
child growth and development cohort established in 2016. Oral microbiota in buccal cheek swab samples were
collected from 180 children (78 boys and 112 girls, aged 11.33±0.55 years old) using 16S rDNA gene sequencing.
Students’ questionnaire was used to collect SSB consumption. Oral health problems, such as dental caries,
gingivitis, was examined by a professional dentist. Higher SSBs consumption (≥ 1 serving/week) was
associated with lower oral microbiota richness and diversity. Children with higher SSBs consumption showed
altered abundance of several oral microbiota at genus level, including increases in Streptococcus, Gemella,
Neisseria,Capnocytophaga and Lautropia (and decreases in Fusobacterium, Lachnoanaerobaculum, Soonwooa,
Tannerella and Moraxella (p< 0.05). Functional analysis illustrated that oral microbiota was more conducive to
the pathway activated of lysine biosynthesis (p=0.045), protein export (p=0.020), D-glutamine and D-glutamate
metabolism (p=0.013), as well as pantothenate and CoA biosynthesis (p=0.004) in children with higher SSBs
intake. Our nding suggests that higher SSBs consumption may disturb oral microecology and reduce diversity
and abundance of oral microbiota during childhood.

Introduction
The oral cavity is among the most heavily colonized areas of the human body and harbors the second most
diverse human microbiome [1]. Previous studies of the oral microbiome have estimated the presence of up to 700
bacterial species [2], plays a central role in the maintenance of oral health [3], of which approximately one third
cannot be cultured [4–6]. The mouth is also the site where the most prevalent human diseases occur, including
caries, gingivitis, and periodontal disease [1.7,8], and oral dysbiosis has been associated with systemic diseases,
such as diabetes, cardiovascular disease [1, 6] and cancers (head and neck, pancreatic and esophageal cancer) [9–
11].

While the importance of the oral microbiome in human health is becoming increasingly clear, little is known

regarding factors that in uence oral microbiome composition. Previous studies suggest that long-term dietary
habits have been shown to affect the diversity and composition of the human gut microbial community [12–14].
Few studies have explored the contribution of beverages consumption e.g. sugar-sweetened beverages in
shaping the oral microbial community.
Over-consumption of dietary sugar is a public health concern [15], especially in children and adolescents. A study
of 2 032 children aged from 6 to 18 reported that 21.7% Chinese children had more than one SSB serving per
week, while 9.5% had one or more SSB servings per day [16]. The national nutrition survey in Australia indicated
that daily intake of added sugars is highest (exceeds recommended intake) among adolescents [17], and SSBs
are the main food sources of added sugars [18, 19]. Intake of added sugars, particularly sugar sweetened
beverages (SSBs) may reduce the intake of more nutritious foods, leading to a poor quality diet, contributing to
the development of dental caries [20, 21] that is associated with shifts of microbiota in dental bio lms [22]. In
addition, studies have demonstrated that frequent intake of sugars (especially sucrose) and other carbohydrates
lowers the pH and changes the microenvironment of the mouth, in uencing plaque bacteria [20,22−25]. Other
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evidence suggests that excessive consumption of acidic drinks or re ned sugar could further impact on the oral
ecosystem [26–28], which could be a further mechanism for the effects of these beverages on oral and/or
systemic health, including their chemopreventive properties. However, previous studies have focused on adults, or
very young infants, with studies on children and adolescents lagging behind, and that the associations of sugarsweetened beverages with oral microbiota diversity and composition have not been well investigated.
The current study collected buccal swabs samples from the buccal mucosa of 180 school-aged children from an
ongoing child growth and development cohort in China (78 boys, 102 girls, ranging in age from 10.33 to
12.50 years). Oral microbiota was assessed via next-generation 16S rRNA gene sequencing [29, 30], and oral
microbiome diversity and composition were evaluated in relation to frequency of coffee and tea intake.

Methods

Study Population
The present study used data from the fourth wave follow-up of an established child growth and development
cohort longitudinal study, which recruited grade 1 to 3 from 2 primary school of Bengbu city, Anhui province in
March 2016. Written informed consent was obtained from parents of all children. Questionnaires were used to
collect demographics and sugar-sweetened beverages (SSBs) consumption information annually. Buccal swab
samples were collected by rubbing the inside of both cheeks with a swab at the last follow-up. And a random
sample of 202 children were selected for oral microbiota detection by using 16S rDNA sequencing. The nal
sample of who had available beverage consumption and oral microbiota data consisted of 180 children (78
boys, 102 girls). Average age was 11.33 ± 0.55 (range from 10.33 to 12.50) years and mean BMI was 19.55 ±
3.83 (13.57–31.93) kg/m2. Ethics approval of this study was granted by the Institutional Review Boards at Anhui
Medical University (No. 20160112),

Measurements
General information
Birth and family-related information was collected through parent questionnaire at baseline survey, including
birth weight, early feeding mode (exclusive breastfeeding, formula milk and mixed feeding), delivery mode
(natural delivery and cesarean section), gestational age, monthly household income, parental education level.

Sugar sweetened beverages consumption
Sugar sweetened beverages (SSBs) consumption was measured with the question from children: “During the
past week, how many times have you drunk sugar-sweetened beverages (juice drinks, carbonated drinks, milk tea,
tea drinks, etc.) ?” with responses alternatives: 0 serving/week (no intake), < 1 serving/week, ≥ 1 and < 3
servings/week, and ≥ 3 servings/week.. In this data analysis, participants were categorized into 2 categories as
follows: < 1 serving/week (low intake group, n = 150) and ≥ 1 servings/week (higher intake group, n = 30)

Oral health examination
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Dental caries, gingivitis and debris index were evaluated from visual examinations by 2 professional dentists.

Buccal swabs collection and 16S rDNA sequencing
Buccal swabs were collected by trained researcher according to a standardized protocol. No eating and drinking
30 minutes before sampling, buccal swab samples were collected by rubbing the inside of both cheeks with a
swab for 10 to 15 times. Break off one end with a cotton brush and soak it in the preservation solution, ensured
that sample is thoroughly soaked. All specimens were stored at -20 °C and waited for processing in the lab.
Total bacterial DNA was extracted by PowerSoil™ DNA Isolation Kit (MoBio, CA, USA) and operated according to
the Kit instructions. DNA quality was evaluated on agarose gel after extraction, and the amount of DNA was
determined by Nanodrop 2000 (Thermo Fisher Scienti c, USA) and Invitrogen Qubit 3.0 spectrophotometer
(Thermo Fisher Scienti c, USA). The V3 + V4 region of the 16S rRNA gene was ampli ed by PCR using universal
primers 805 R (5'-ACTACHVGGGTATCTAATCC-3') and 341 F (5'-CCTACGGGNGGCWGCAG-3'). The PCR products
were puri ed and sequenced using Illumina MiSeq/HiSeq platform. PCR e ciencies were obtained between 98
and 106%, with R2 values > 0.99. The quality sequences were then clustered into operational taxonomic units
(OTU) at the 0.03 level; the most abundant sequence was chosen as a representative sequence for each OTU.

Body mass index
Annual physical examination was measured in duplicate during school hours. Height and weight were measured
with an integrated height and weight measuring instrument, and BMI was calculated as weight (in kg) divided by
height squared (in m).

Statistical analysis
We compare the differences in age, BMI, family economic status, birth information and the detection rate of oral
problems among different groups of SSBs consumption using independent sample t test, chi-square test and
Fisher's exact probability method. Spearman rank correlation was used for correlation analysis of the relative
abundance of the ora with age and oral health problems. Statistical signi cance was accepted at p < 0.05.
SPSS 23.0 was used for general statistics analysis.
Original data obtained by bioinformatics analysis and sequencing were ltered out of low-quality reads. The
OTUs were aligned to the Ribosomal Database Project (RDP) database using mothur (classify.seqs) for the
annotation of genus and species [31]. Non-metric multidimensional scaling (nMDS) analysis was applied to
investigate the genus differences between the two groups using the “vegan” package in R (version 3.6.2) [32]. The
taxonomic alpha diversity (as OTU, Chao1 and Shannon index) indices was calculated using the QIIME software.
Metastats analysis was pro led to identify difference of oral bacterial genera among children with different SSBs
intake. Oral microbiota functions were predicted on the basis of 16S rDNA OTUs pro ling using PICRUSt with
default parameters [33].

Results
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In this study population, 16.7% (30/180) of children reported higher sugar-sweetened beverages (SSBs) intake (≥
1 serving/week). Those with higher SSBs intake were more likely to be boys. Table 1 presents description of
demographic variables and oral health problems based on frequency of SSBs consumption. Compared with
lower intake group, prevalence of dental caries (40.00% vs. 21.33%, χ2 = 4.717, p = 0.030) and gingivitis (20.00%
vs. 3.33%, χ2 = 12.103, p = 0.001) was signi cantly higher among higher SSBs intake group.
Table 1
Demographic, oral health problems by different SSBs frequency groups
Sugar-sweetened beverages (SSBs) consumption groups

χ2/t

p-value

< 1 serving/week (n = 150)

≥ 1 serving/week (n = 30)

Girls (%)

90 (60.00)

12 (40.00)

4.072

0.044

BMI (kg/m2)

19.39 ± 3.62

20.37 ± 4.73

1.072

0.202

1.199

0.549

4.717

0.030

12.103

0.001

0.755

0.792

BMI status
normal

92 (61.33)

20 (66.67)

overweight

29 (19.33)

4 (13.33)

obesity

29 (19.33)

6 (20.00)

Dental caries
No

118 (78.67)

18 (60.00)

Yes

32 (21.33)

12 (40.00)

Gingivitis
No

145 (96.67)

24 (80.00)

Yes

5 (3.33)

6 (20.00)

Debris index
No

81 (54.00)

13 (43.33)

Tip edge

47 (31.33)

12 (40.00)

≥ 1/3 coverage

22 (14.67)

5 (16.67)

The library coverage of 180 sequencing samples exceeded 98%, and 27853 OTUs was obtained through
sequence clustering. Compare to those who consumed SSBs less than one serving per week, children with ≥ 1
serving/week intake of SSBs showed lower species richness community diversity as re ected by a smaller Chao
1, abundance-based coverage estimators (ACE), Shannon index, as well as a higher Simpson index (Table 2).
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Table 2
Comparisons of α diversity indices among children with different sugar-sweetened beverages preferences
Groups

n

Chao1 a

ACE b

Shannon index

Simpson’s index

Sugar-sweetened beverages (SSBs)
< 1 serving/week

150

230.34 ± 52.60

230.88 ± 47.14

2.90 ± 0.49

0.13 ± 0.07

≥ 1 serving/week

30

216.39 ± 55.01

212.69 ± 47.14

2.82 ± 0.52

0.14 ± 0.08

a

Abundance-based estimator of species richness; b Abundance-based coverage estimator of species
richness
A total of 260 genera was detected at the genus level, and Fig. 1 and Supplementary Table 1 shows 17 genera
with relatively high abundance in two SSBs consumption groups. Compared to the lower SSBs intake group (< 1
serving/week), children with higher SSBs intake (≥ 1 serving/week) showed a higher relative abundance of oral
microbiota included Neisseria (12.73% vs. 11.20%), Gemella (6.37% vs. 5.93%), Porphyromonas (3.32% vs.
2.93%), Actinomyces (2.58% vs. 3.10%), Lautropia (3.02% vs. 2.13%), Granulicatella (2.23% vs. 1.90%),
Fusobacterium (2.29% vs. 1.77%), Alloprevotella (1.54% vs. 1.43%) and Capnocytophaga (1.68% vs. 1.33%); and
a lower relative abundance of Streptococcus (28.00% vs. 28.27), Gemella (6.17% vs. 6.27), Haemophilus (12.17%
vs. 12.40), Veillonella (3.98% vs. 5.07), Leptotrichia (3.68% vs. 3.87), Rothia (3.02% vs. 4.30), Prevotella (2.16%
vs. 2.43), Corynebacterium (1.41% vs. 2.10) and Aggregatibacter (0.95% vs. 1.13).
At phylum level, the dominant microbiota included high relative abundance of Actinobacteria among children
with higher SSBs intake, and high relative abundance of Firmicutes, Proteobacteria, Bacteroidetes, Fusobacteria,
Candidatus_Saccharibacteria, SR1, Spirochaetes and Cyanobacteria/Chloroplast in children with lower SSBs
intake (Fig. 1 and Supplementary Table 2).
Higher SSBs intake was associated with greater abundance of several oral microbiota at genus level, including

Streptococcus and Gemella (phylum Firmicutes), Neisseria, Capnocytophaga (phylum Bacteroidetes) and
Lautropia (phylum Proteobacteria) (Fig. 2 and Supplementary Table 3). It was also related to lower abundance of
genus Fusobacterium (phylum Fusobacteria), Lachnoanaerobaculum (phylum Firmicutes), Soonwooa and
Tannerella (phylum Bacteroidetes), Moraxella (phylum Proteobacteria).
For children with higher SSBs intake, oral microbiota was more conducive to the pathway activated of lysine
biosynthesis (p = 0.045), protein export (p = 0.020), D-glutamine and D-glutamate metabolism (p = 0.013) and
pantothenate and CoA biosynthesis (p = 0.004) (Fig. 3 and Supplementary Table 4). As illustrated in Table 3,
according to the results of different SSBs consumption groups, the incidence of dental caries in children who
consumed higher than 1 serving/week of SSBs is related to the increase in the relative abundance of

Streptococcus (r = 0.246, p = 0.007) and Capnocytophaga (r = 0.206, p = 0.041), and the decrease in the relative
abundance of Fusobacterium (r = -0.194, p = 0.018). Children who consumed less than one serving per week of
SSBs showed a decrease in Lachnoanaerobaculum (r = -0.173, p = 0.034). The incidence of gingivitis in children
with SSBs intake ≥ 1 serving/week is related to the decrease in the relative abundance of Lachnoanaerobaculum
(r=-0.184, p = 0.037).
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Table 3
Correlation of different oral microbiota and oral health problems at genus level
SSBs intake < 1 serving/week (n =
150)

SSBs intake ≥ 1 serving/week (n =
30)

Dental caries

Gingivitis

Debris
Index

Dental caries

Gingivitis

Debris
Index

Streptococcus

0.163*

0.054

-0.004

0.246**

0.064

-0.145

Neisseria

-0.076

-0.115

0.032

0.117

0.102

0.218

Gemella

-0.044

0.010

-0.060

-0.301

0.076

0.051

Lautropia

-0.042

0.087

0.028

0.187

-0.045

0.096

Capnocytophaga

0.130

-0.109

0.137

0.206*

-0.007

0.309

Soonwooa

-0.137

0.126

-0.029

0.351

0.113

0.181

Moraxella

0.093

-0.120

0.031

0.083

-0.091

0.315

Lachnoanaerobaculum

-0.173*

0.092

0.070

0.201

-0.184*

0.137

Fusobacterium

-0.122

-0.011

0.036

-0.194*

-0.137

0.037

Tannerella

0.154

-0.122

0.127

0.213

-0.168

0.168

*p < 0.05,**p < 0.01

Discussion
The ndings of the present study showed, for the rst time, that sugar sweetened beverages (SSBs) intake
signi cantly altered the diversity and composition of the oral microbiota among children. More speci cally,
compared with lower intake group, higher consumption of SSBs (≥ 1 serving/week) was associated with lower
oral microbiota diversity, and altered abundance of several genera, including lower abundance of Fusobacterium,

Lachnoanaerobaculum, Soonwooa, Tannerella and Moraxella, and higher abundance of Streptococcus, Gemella,
Neisseria, Capnocytophaga and Lautropia.
The ecological plaque hypothesis [34, 35] proposed that environmental changes in oral conditions, such as diet
habits [36], were responsible for a population balance shift of the resident microbiota. Keller et al. compared the
oral microbial pro les of 90 young adults with different levels of sugar intake, and found that participants of the
low-sugar group were less frequently colonized by S. sobrinus and P. melaninogenica and displayed lower levels
of a number of caries-associated bacteria such as S. mutans, S. wiggsiae, Veillonella, and Actinomyces species
[37].

Tian et al. collected supragingival plaque from 24 children aged 2–4 years who underwent one caries

treatment session, nding a positive correlation between sugar intake frequencies and several bacteria species in
co-occurrence networks, including Selenomonas, Treponema, Prevotella, Capnocytophaga, and Mitsuokella,
which could metabolize sugar and generate acid [38]. Though the association between sugar consumption with
altered the salivary microbial pro les has been shown previously among adults and younger children, less is
known about the impact of SSBs intake on the composition and function of the oral microbiota, especially
among school-aged children. The present study seeks to address this issue illustrating the relative abundance of
Page 7/14

Streptococcus, Gemella, Neisseria, Capnocytophaga and Lautropia increased in children with SSBs intake higher
than one serving per week, and decreased relative abundance of Fusobacterium, Lachnoanaerobaculum,
Soonwooa, Tannerella and Moraxella.
Previous studies revealed that community structure shifts of oral microbiota are more closely associated with
childhood cariogenesis [39–42]. Clinical studies have linked Streptococcus mutans and Streptococcus sobrinus to
both caries progression [43] and early childhood caries [44], and the concurrent appearance of those microbiota
seem to be strongly associated with caries status [45.46].
Some studies have found that the numbers of Streptococcus mutans, Lactobacillus sp., and some acidic bacteria
decrease after caries therapy, especially in relapse-free children [44, 47]. Al-Ahmad et al.[48] evaluated changes in 13
children’s oral health and oral bio lm composition in vivo during poor diet and oral hygiene, indicating that the
decreased proportion of Fusobacterium nucleatum and increased proportion of Veillonella spp. across adults
with dental caries. Early molecular methods studies have shown that putative periodontal pathogens such as
Prevotella gingivalis and Actinomyces actinomycetemcomitans have been identi ed to be associated with saliva
samples from adult patients with periodontitis [49] and Streptococcus mutans with samples from carious lesions
of children aged 10 to 14 years [50]. The current ndings are consistent with the above conclusions, showing a
signi cant positive correlation between Streptococcus and dental caries in children and negative relationship of
Fusobacterium and dental caries. In addition, we found that another oral microbiota (Capnocytophaga) related to
low prevalence of dental caries, and Lachnoanaerobaculum was negatively associated with prevalence of
gingivitis.
There are some weaknesses in the interpretation of our ndings. Firstly, data of SSBs consumption was selfreported by children and thus susceptible to report bias due to socially desirable responses. Secondly, the crosssectional analysis limits causal inferences allowing us to report only associations. In addition, we only reported
the effect of SSBs on oral microbiota, which may be in uenced by sugary diet or other beverages. Further study
might offer insights into the bi-directional impact between beverages intake (e.g. SSBs) or diet habits and oral
microbiota composition. Finally, we only identi ed the difference of oral microbiota by using 16S rDNA, the
promising oral microbiota metabolomics approaches should be further considered in the future. Despite these
limitations, there were some strengths including the oral health questions was derived from dental examinations
by two professional dentists, ensuring that the data is authentic and reliable.

Conclusion
In summary, our ndings suggest higher SSBs consumption may decrease diversity and alter overall composition
of the oral microbiota community during childhood. These ndings may have implications for better
understanding the potential role that oral bacteria play in SSBs-related oral diseases among children.
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Figures

Figure 1
Relative abundance of oral microbiota at phylum (lift) and genus (right) level between groups with different SSBs
intake (0 for < 1 serving/week of SSBs intake, 1 for ≥ 1 serving/week of SSBs intake)
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Figure 2
Metastats analysis of the difference of oral microbiota between different SSBs intake groups.

Figure 3
The KEGG analysis between groups with different SSBs intake(0 for < 1 serving/week of SSBs intake, 1 for ≥ 1
serving/week of SSBs intake).
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