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Abstract

prehensive results.

of the five meta-analyses.

Objective A meta-analysis was performed to assess the epidemiological correlation between dietary intake of vari-
ous types of vitamin intake and the risk of periodontal disease.

Methods A comprehensive computerized search was conducted in eight databases, namely PubMed, Web of Sci-
ence, Embase, Cochrane Library, China Biology Medicine Disc, CNKI, VIP, and WanFang Database, and a random

effect model was applied to combine pooled odds ratio (ORs) with corresponding 95% confidence intervals (Cls)

of the included studies, and the sensitivity analysis was performed to explore the impact of a single study on the com-

Results We finally included 45 effect groups from 23 observational studies, with a total number of study participants
of 74,488.The results showed that higher levels of vitamin A (OR: 0.788, 95% Cl: 0.640-0.971), vitamin B complex (OR:
0.884, 95% Cl: 0.824-0.948), vitamin C (OR: 0.875, 95% Cl: 0.775-0.988), vitamin D (OR: 0.964, 95% Cl: 0.948-0.981),

and vitamin E (OR: 0.868, 95% Cl: 0.776-0.971) intake all were negatively correlated with periodontal disease. After
removing each study, leave-one-out sensitivity analysis indicated no significant change in the overall results of any

Conclusions The results from this meta-analysis demonstrated a negative association between high-dose vitamin
A, vitamin B complex, vitamin C, vitamin D, and vitamin E consumption and the likelihood of developing periodontal
disease, revealing the significant role of vitamins in preventing periodontal disease.

Keywords Vitamin, Folate, Periodontal disease, Meta-analysis

Background

Periodontal disease, a prevalent chronic condition,
affects a significant number of individuals worldwide.
The number of global epidemic cases of severe periodon-
tal disease alone reached 796 million in 2017 [1]. In the
United States, 42% of adults over the age of 30 had peri-
odontal disease [2]. The prevalence of periodontal dis-
ease varied from 10.2% to 55.7% among Korean adults
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[3]. Similarly, among Chinese adults, the detection rate
of clinical attachment loss >4 mm ranged from 33.2% to
74.2% across different age groups [4]. Periodontal disease
not only leads to the destruction of periodontal tissue but
also adversely affects human overall health and quality
of life. Numerous studies have increasingly established a
strong correlation between periodontal disease and vari-
ous systemic illnesses, such as Alzheimer’s disease, dia-
betes, rheumatoid arthritis, inflammatory bowel disease,
premature birth, and preeclampsia [5, 6]. These findings
emphasized the importance of maintaining good oral
health and addressing periodontal disease to safeguard
against potential complications in other areas of health.
Periodontal disease is an inflammatory disease domi-
nated by bacterial infection. In addition, some potential

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-024-03850-5&domain=pdf

Mi et al. BMC Oral Health (2024) 24:117

risk factors such as genetic susceptibility, hormonal
changes, smoking, and alcohol consumption also pro-
mote its progression. In recent years, many studies have
explored the relationship between various types of vita-
min intake and the risk of periodontal disease, but no
consistent conclusions have been reached. Some studies
have found that higher levels of vitamin A, vitamin B6,
vitamin B12, folate, vitamin C, vitamin D, and vitamin E
intake were negatively correlated with the incidence of
periodontal disease [7, 8]. However, some studies sug-
gested that there was no significant correlation between
folate, vitamin C intake, and periodontal disease [9,
10]. Therefore, this study aimed to conduct a quantita-
tive synthesis of existing observational studies on the
relationship between vitamins and periodontal disease.
Furthermore, it sought to explore the dose-response
relationship between vitamin intake and the risk of peri-
odontal disease. By doing so, this research intended to
provide a more objective assessment of the correlation
between vitamins and periodontal disease, thus offering
scientific evidence for the exploration of the etiology of
periodontal disease and the formulation of primary pre-
vention measures.

Materials and methods

Reporting of the present study consulted the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guideline [11]. The protocol of this meta-
analysis was registered with the internationally registered
system of systematic review and meta-analysis protocols
(PROSPERO) (ID CRD42023440945).

Literature search strategy

To comprehensively obtain relevant literature on vita-
min consumption and the risk of periodontal disease, we
searched 8 databases including PubMed, Web of Science,
Embase, Cochrane Library, China Biology Medicine
Disc, CNKI, VIP, and WanFang Database (up to Decem-
ber 31, 2022), the literature search formula in PubMed
is: ((“Vitamins”[Mesh]) OR (((vitamin[Title/Abstract])
OR (folate[Title/Abstract])) OR (folic acid[Title/
Abstract]))) AND ((“Periodontitis’[Mesh]) OR (((peri-
odontal disease[Title/Abstract]) OR (periodontitis[Title/
Abstract])) OR (periodontal infection[Title/ Abstract]))).

Inclusion criteria

The included articles in this study should meet the fol-
lowing criteria: (1) original article in the form of observa-
tional study that assessed the epidemiological association
between vitamins and the risk of periodontal disease, (2)
the study participants consisted of the general popula-
tion, (3) the variables in the original study included die-
tary intake of various types of vitamins, (4) the outcome
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of the study was the prevalence of periodontal disease,
(5) multivariate-adjusted relative risk (RR) or odds ratio
(ORs) along with their corresponding 95% confidence
intervals (CIs) (or data allowed for the calculation of
these metrics) regarding the relationship between vita-
min intake and periodontal disease was provided, (6) the
study conducted in either Chinese or English languages.
The exclusion criteria for the article were as follows: (1)
the study type of the article was not explicitly stated, (2)
low-quality article that effective outcome data cannot be
extracted, (3) literature with repeated data, (4) document
unable to access the full text.

Data extraction and quality assessment

Two researchers initially conducted literature screening
and data extraction according to the inclusion and exclu-
sion criteria, then cross-checked, and any differences
would be resolved through discussion. The extracted
contents were as follows: (1) basic information about the
included studies, including the name of the first author,
year of publication, type of research design, gender, age,
continent and country of the research subjects, sam-
ple size, and number of cases; (2) the types and assess-
ment methods of vitamins, the definition of periodontal
disease, multivariate-adjusted ORs with 95% Cls, and
confounders.

The Newcastle—Ottawa Scale (NOS) and the Agency
for Healthcare Research and Quality (AHRQ) were
respectively applied to assess all included case—con-
trol studies and cross-sectional studies [12, 13]. The
NOS has a maximum score of 9 points and a minimum
score of 0 points, ratings of “<4 points’, “4—6 points’,
and “7-9 points” indicate “low methodological quality’,
“moderate methodological quality’, and “high meth-
odological quality” respectively. Moreover, the cross-
sectional measurement standard recommended by the
AHRQ consists of a total of 11 items, accumulating to
11 points, the evaluation includes three categories:
“yes”, “no”, and “unclear” A “yes” response is assigned
1 point, while a “no” or “unclear” response receives 0
points, scores of “<4 points’, “4—7 points”, and “8-11
points” respectively signify “low methodological qual-
ity’, “medium methodological quality’, and “high meth-
odological quality”.

Statistical analysis

The multivariate-adjusted ORs and their corresponding
95% CI were initially compiled based on the extracted
information, and an Excel Macro file was utilized to
convert the effect sizes used in different reference
groups in the original studies to be consistent with the
lowest group as the reference [14]. Subsequently, the
Cochrane Q test and I? were jointly used to test the
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heterogeneity among the studies, if the heterogeneity
was P>0.1 and I? <50%, a fixed effect model would be
employed for the meta-analysis, while if the hetero-
geneity was P<0.1 or I?>50%, a random effect model
was used. Leave-one-out sensitivity analysis was used
to explore the influence of each study on the over-
all results by removing each study individually [15].
Finally, the funnel plot was utilized to assess whether
there was publication bias, and if publication bias was
detected, the trim and fill method of the funnel plot
was employed for further correction. All data were ana-
lyzed using Stata V.16.0 (Stata Corp, College Station,
Texas, United States), and statistical significance was
determined by a bilateral P<0.05.
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Results

Literature screening process and results

A preliminary search yielded a total of 3163 relevant
articles. After layer-by-layer screening, 23 English docu-
ments that met the criteria were ultimately included [7—
10, 16-34] (Fig. 1).

Basic characteristics and quality assessment

Table 1 presents the basic characteristics of the included
studies. The five case—control studies were all scored
between 6-7 (Supplementary Table 1), and the scores
of eighteen cross-sectional studies were all 7-8 (Supple-
mentary Table 2), which indicated that all included stud-
ies were of moderate to high quality.

Records identified through database

searching (n=3163)

Additional records found through other

sources (n=0)

Records after duplicates removed

y

Y

(n=1290)

Articles for title and abstract

(n=1873)

Records excluded

y

A 4

(n=1574)

Full-text articles assessed for eligibility

(n=299)

Records excluded, with reasons
(n=276):
- Case report and review (n=10)

- Not observational study (n=24)

\ 4

- Outcomes did not reported odds ratio
concerning the relation between
vitamins and periodontal disease

(n=242)

Fig. 1 Flowchart of literature search

\4

Studies included in quantitative synthesis

(n=23)
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b Meta-analysis estimates, given named study is omitted
a | Lower CI Limit OEstimate | Upper CI Limit
Chapple (2007) || o |
exp(b) %
Study (95% Cl) Weight
, Li (2022) o
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Fig. 2 a Forest plot of the relationship between vitamin A consumption and the prevalence of periodontal disease. b Sensitivity analysis
of the association between vitamin B complex intake and periodontal disease
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Fig. 3 a Forest plot of the relationship between vitamin B complex consumption and the prevalence of periodontal disease. b Sensitivity analysis
of the association between vitamin B complex intake and periodontal disease

The relationship between vitamin intake and the risk

of periodontal disease

Vitamin A

Four studies reported the vitamin A intake in 17,642
healthy individuals and 7832 periodontal disease
patients. Due to the statistically significant heteroge-
neity between studies (I>=79.1%, p =0.003), a random
effect model was performed. The results indicated
that there was a negative correlation between higher
levels of vitamin A intake and the risk of periodon-
tal disease (OR: 0.788, 95% CI: 0.640-0.971) (Fig. 2a).
Leave-one-out sensitivity analysis was performed to
explore the impact of a single study on the compre-
hensive results, indicating that the overall results did

not change substantially after excluding any one study
(Fig. 2b).

Vitamin B complex

A total of twelve effect groups from five articles pro-
vided information on vitamin B complex intake. The
overall results revealed that a higher level of vitamin B
complex was related to the decrease in the prevalence
of periodontal disease (OR: 0.884, 95% CI: 0.824—0.948)
(Fig. 3a). Meanwhile, high-dose vitamin B2 (OR: 0.907,
95% CI: 0.836-0.984), vitamin B6 (OR: 0.848, 95% CIL
0.748-0.961), vitamin B12 (OR: 0.850, 95% CI: 0.746—
0.969), and folate (OR: 0.848, 95% CI: 0.720-0.999) con-
sumption alone also displayed a negative correlation with
periodontal disease, but no significant association was
found in the subgroup of solely intaking high-dose vita-
min B1 (OR: 0.919, 95% CI: 0.642-1.316). No statistically
significant heterogeneity among studies was observed
(P=70.6%, p<0.001). In the sensitivity analysis, after
excluding each study separately, no substantial alteration
was observed in the overall research results (Fig. 3b).
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Vitamin C

As regards vitamin C dietary intake, eight studies with
51,145 participants suggested that a higher level of vita-
min C consumption was negatively correlated with peri-
odontal disease (OR: 0.875, 95% CI: 0.775-0.988) (Fig. 4a),
with statistically significant between-study heterogeneity
(P=89.8%, p<0.001). Moreover, the overall research find-
ings did not undergo substantial changes when each study
was excluded separately in the sensitivity analysis (Fig. 4b).

Vitamin D

The meta-analysis of sixteen studies revealed that a
higher dose of vitamin D was associated with a lower rate
of periodontal disease (OR: 0.964, 95% CI: 0.948—0.981)
(Fig. 5a). No statistically significant heterogeneity was
found among studies (P=72.5%, P<0.001). Furthermore,
leave-one-out sensitivity analysis demonstrated the total
results remained unchanged, after excluding each study
separately (Fig. 5b).

Vitamin E

Five studies offered data on vitamin E, and the results,
based on a random-effect model, indicated that there
was an inverse association between the higher vitamin
E intake dose and periodontal disease (OR: 0.868,95%
CL 0.776-0.971) (Fig. 6a), with statistically significant
heterogeneity (P=79.8%, P<0.001). Besides, we found
that,after removing any one of the studies, the collective
results did not change significantly in the sensitivity anal-
ysis (Fig. 6b).

Publication bias
The funnel plots were used to assess publication bias for
all polled effect sizes. Five results all indicated significant
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asymmetry. Thus, we further performed the trim-and-
fill method of the funnel plot to correct for any potential
missing studies, but no missing articles were detected
except for the overall results of vitamin A. One article
was filled in the analysis of vitamin A and periodontal
disease, which led to publication bias in this meta-anal-
ysis, and the correlation between the two became more
significant after adjustment (OR: 0.734, 95% CI: 0.571—
0.946) (Fig. 7). The overall results of the other four meta-
analyses remained unchanged, indicating that there was
no obvious publication bias in the analysis of vitamin B
complex, vitamin C, vitamin D, and vitamin E consump-
tion with the prevalence of periodontal disease (Supple-
mentary file 1).

Discussion

A total of 45 effect sizes from 23 observational studies,
with a total of 74,488 study participants, were included to
explore the relationship between various types of vitamin
consumption and the risk of periodontal disease. The
results based on the random effect model showed that
higher levels of vitamin A, vitamin B complex, vitamin
C, vitamin D, and vitamin E intake were associated with
the reduced prevalence of periodontal disease. In sensi-
tivity analysis, the total findings of five meta-analyses all
remained substantively unchanged, indicating that this
study’s results were robust and reliable.

Lots of previous studies have also investigated the rela-
tionship between various types of vitamin intake and
the rate of periodontal disease [35]. Luo et al. also found
that there was a significant negative correlation between
adequate intake of vitamin A, vitamin B1, folate, vita-
min C, and vitamin E and the risk of periodontal disease
[26]. Machado et al’s meta-analysis also indicated that,
compared with the periodontal health group, the levels

a b ,
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Fig. 4 a Forest plot of the relationship between vitamin C consumption and the prevalence of periodontal disease. b Sensitivity analysis

of the association between vitamin C intake and periodontal disease
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Fig. 5 a Forest plot of the relationship between vitamin D consumption and the prevalence of periodontal disease. b Sensitivity analysis
of the association between vitamin D intake and periodontal disease
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Fig. 6 a Forest plot of the relationship between vitamin E consumption and the prevalence of periodontal disease. b Sensitivity analysis
of the association between vitamin E intake and periodontal disease
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Fig. 7 Filled funnel plot with pseudo 95% confidence limits about the analysis of vitamin A and periodontal disease
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of vitamin D were significantly lower in the periodonti-
tis group [36]. Our finding results were consistent with
these studies. Nevertheless, Park et al. point out that the
levels of vitamin A, and vitamin C were significantly lower
in the periodontitis group than in the periodontal health
group [24]. Li et al. proposed that the vitamin C intake was
158.49 mg, the incidence of periodontitis seemed to be the
lowest, and inadequate or excessive intake of vitamin C
could boost the likelihood of developing periodontitis [30].

The mechanism underlying the association between
periodontal disease and vitamins is still unclear, but cur-
rent research mainly focuses on the anti-inflammatory
and reparative effects of vitamins on periodontal tis-
sue. In terms of anti-inflammatory effects, vitamins can
inhibit the development of bacterial infections in peri-
odontal tissue by enhancing the phagocytic function and
immune chemotaxis of neutrophils and macrophages.
For example, vitamin D increases the phagocytic func-
tion and immune chemotaxis of macrophages and
enhances the activity of 1-a-hydroxylase in monocytes,
thereby enhancing the immune response of periodontal
tissue [37]. Additionally, vitamins also exert anti-inflam-
matory effects by inhibiting the production of excessive
reactive oxygen species (ROS) and reducing the synthesis
of inflammatory mediators and bacterial toxins. Vitamin
D reduces the production of cytokines, such as IL-17, by
helper T cells (Th), which is associated with an increase
in the incidence of periodontitis [38]. Moreover, high
levels of vitamin D can also reduce the levels of inflam-
matory molecules, such as RANKL, IL-1, or IL-6 [39, 40].
Vitamin E not only exerts antioxidant effects by reduc-
ing lipid peroxidation and increasing the level of super-
oxide dismutase [41, 42] but also reduces the expression
of IL-6 and IL-1 in gingival fibroblasts, thereby reducing
the production of ROS [43]. Additionally, vitamin E also
inhibits the activity of lipopolysaccharides from Porphy-
romonas gingivalis and stimulates the growth and migra-
tion of gingival fibroblasts [44]. Vitamin C reduces the
apoptotic and cytotoxic effects of Porphyromonas gingi-
valis on human gingival fibroblasts [45].

In terms of periodontal tissue repair and regeneration,
vitamins have the functions of increasing collagen syn-
thesis and promoting bone metabolism, thereby improv-
ing periodontal tissue regeneration and alveolar bone
mineralization levels. Vitamin A has the ability to stimu-
late the proliferation, migration, and osteogenic differen-
tiation of human periodontal ligament cells, thus being
considered as having the potential to promote periodon-
tal tissue regeneration [46]. Supplementation of vita-
min B complex may improve wound healing ability and
help increase clinical attachment levels in patients with
chronic periodontitis undergoing periodontal surgery
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[47]. Vitamin C may increase the quantity of collagen fib-
ers and the strength of blood vessels, thereby promoting
periodontal tissue regeneration [48]. Oral supplemen-
tation of vitamin C improves postoperative healing in
patients with chronic periodontitis and those undergoing
guided bone regeneration or bio-oss collagen transplan-
tation for implant surgery [49]. Vitamin D improves the
absorption of calcium and phosphate by the intestines
and kidneys, directly enhances the mineralization ability
of alveolar bone, and inhibits the synthesis and release of
parathyroid hormone, thereby suppressing the activity of
osteoclasts and reducing alveolar bone resorption [50].

This meta-analysis had several notable strengths.
First, to the best of our knowledge, it was the first
meta-analysis to investigate the relationship between
multiple vitamins and the risk of periodontal disease.
Previous studies had mainly focused on exploring the
association between a single type of vitamin and peri-
odontal disease. It is important to consider that, in
our daily diet, the intake of different types of vitamins
is not isolated, and there may be interactions and syn-
ergistic effects between different vitamins. Therefore,
we believed that conducting a combined multivitamin
analysis provided a more comprehensive approach to
exploring the correlation between vitamins and perio-
dontal disease, thus, seeking the underlying etiology of
periodontal disease. Second, it should be noted that the
inclusion of a large number of participants and multiple
countries in this meta-analysis has enabled us to obtain
more robust and stable results. Third, all the studies
included have adjusted different confounding factors,
which increased the credibility of this study. Consid-
ering the high prevalence of periodontal disease in the
population, this study might have important implica-
tions for the development of primary preventive meas-
ures and serve as evidence to support the formulation
of dietary guidelines for individuals.

The main limitation of the present study was all the
articles included were observational studies, so the
causal relationship between vitamin intake levels and
periodontal disease could not yet be explained. Another
disadvantage is that due to the inconsistent methods
used to measure vitamins and the varying highest or
lowest intake levels for vitamins among these epide-
miological studies, we were unable to suggest a suitable
range for vitamin consumption.

Conclusions

The results of this meta-analysis indicated a negative corre-
lation between the higher level of vitamin A, B complex, C,
D, and E intake and the risk of periodontal disease. There-
fore, this provides new avenues for clinical prevention,
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where healthcare professionals can enhance awareness
about appropriate vitamin supplementation in oral health
education to prevent and reduce the occurrence of peri-
odontal disease. Besides, future research should focus on
more prospective studies and randomized controlled tri-
als to explore the causal relationship between the two and
further investigate the role of vitamin intervention in the
treatment of periodontal disease. Additionally, we encour-
aged future research to adopt uniform diagnostic crite-
ria for periodontal disease and standardized methods for
measuring vitamin levels to conduct higher-quality stud-
ies, which will provide more assistance in the development
of clinical and public health-related measures.
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