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Abstract
Periodontal diseases affect up to 90% of the population worldwide. Deficiencies in vitamins, minerals and
polyphenolic compounds, whose main sources are fruit and vegetables (F&V), may predispose to these
diseases. The PICO (Patient, Intervention of interest, Comparison or Control Intervention, and Outcome)
question was: What is the effect of F&V intake on the outcomes of periodontal diseases, observed in either
experimental or observational studies of human populations suffering from periodontitis or gingivitis,
compared to controls without intervention or healthy people.
The review was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocol for search strategy, selection criteria and data extraction. The searched databases
included MEDLINE (PubMed), Scopus and Google Scholar. A total of 181 potentially relevant articles were
identified, which were then evaluated according to pre-specified criteria relating to relevance and quality.
Finally, 15 articles were selected for review. Four articles described intervention studies, 3 reported on
prospective and retrospective cohort studies, and 8 concerned cross-sectional studies. A total of 10,604
people aged 15–90 years took part in the studies. On the basis of the research it can be concluded
that the consumption of at least 5 servings of F&V per day may prevent the progression of periodontal
diseases, especially periodontitis, and even tooth loss. Moreover, incorporation of specific F&V into the
diet or, alternatively, their lyophilized forms, and nutritional education activities seem to support the
standard of care therapy of gingivitis and periodontitis. However, further observational and well-designed
experimental studies, with homogeneous periodontal status outcomes, are needed to confirm these
findings. Furthermore, professional dietetics care for periodontal patients should become an integral
component of the healthcare program.
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Introduction

Search strategy

Periodontal diseases refer to a range of serious pathological conditions that occur in the tissues surrounding the teeth in response to bacterial accumulation or
dental plaque. It is estimated that they affect as much as
90% of the population worldwide, and almost half of the
world’s population suffers from periodontitis.1–3 The
classification established during the 2017 International
Workshop for a Classification of Periodontal Diseases
and Conditions distinguishes dental biofilm-induced
gingivitis, non-plaque-induced gingival diseases and
conditions, necrotizing periodontal diseases, periodontitis as a manifestation of systemic diseases, forms of the
periodontal disease previously recognized as ‘chronic’
or ‘aggressive’, now grouped under a separate category
– ‘periodontitis’, and progressive and acquired deformities and conditions.4 A significant role in the pathogenesis of periodontal diseases is attributed to the formation of bacterial biofilm on tooth surfaces, i.e., dental
plaque.2,5 However, what triggers the progression of inflammatory conditions is the disturbance of the equilibrium between the pathogenic bacteria attacking the
periodontal tissue and the host’s defense mechanisms.
The severity and progression of the diseases is a result
of numerous factors, including genetic predisposition,
age, general health condition, and improper nutrition.
It has also been observed that the prevalence of periodontitis is greater in smokers, less educated individuals
and those of a lower socioeconomic status.6 Untreated
periodontitis disturbs the process of mastication and
may lead to partial or total tooth loss.7,8 Problems associated with the mastication of food affect the composition of the diet and result in further deterioration of the
patient’s health condition. It has been confirmed that
patients suffering from periodontitis have higher rates
of diabetes, cardiovascular disease and cerebral stroke,
with the risk increasing with age.9,10 Typically, patients
seek medical attention only in situations requiring dental intervention or pharmacological treatment. However,
next to adequate oral hygiene, proper diet composition
seems to be an effective measure to prevent the diseases
or even to modulate an already existing condition.11
It has been confirmed that deficiencies in several nutrients, such as vitamins and minerals, strongly enhance
the progression of periodontal diseases.12,13 The primary
sources of these important nutrients include fruit and
vegetables (F&V). A PICO (Patient, Intervention of interest, Comparison or Control Intervention, and Outcome) question was formulated to identify key words
that would drive the literature search.14 The PICO question was: What is the effect of F&V intake on the outcomes of periodontal diseases, observed in either experimental or observational studies of human populations
suffering from periodontitis or gingivitis, compared to
controls without intervention or healthy people.

The MEDLINE (PubMed), Scopus and Google
Scholar electronic databases were searched to find articles that might answer the above question. The cutoff date for this search was December 15, 2017. The
search was limited to studies on human subjects, published between 1990 and 2017, in English, and available in full text. The search terms were: [periodontitis
OR periodontal OR chronic periodontitis OR periodontal disease OR periodontal diseases OR aggressive periodontitis] AND [fruit OR fruits OR vegetable
OR vegetables] AND [longitudinal OR studies OR supplementation OR consumption OR prospective studies OR cohort studies OR randomized clinical trial OR
cross-sectional studies OR intervention]. No other restrictions were established, and the free-text strategy
and Medical Subject Headings (MeSH) terms were applied in the search process. This systematic review was
conducted in line with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement.15

Study selection and eligibility
criteria
The study selection was conducted independently
by 2 reviewers (ASR, KM), with any disagreements resolved by the 3rd reviewer (JB). The eligibility criteria
were formed based on the study question. This systematic review considered only original studies with the
following designs: randomized controlled trials (RCTs),
and cohort and cross-sectional studies on the effect
of F&V intake on gingivitis and periodontitis patients.
We also decided to exclude descriptive observational
studies (e.g., case studies), reviews, systematic reviews
with and without meta-analysis, letters, book chapters,
reports, studies without an abstract or where the full
text was not available, research conducted on cells, research conducted on nonhuman species, studies conducted only among healthy people or among patients
with oral diseases other than gingivitis and periodontitis (e.g., caries), and studies evaluating the effect of extracts derived from F&V or, for example, mouthwash
enriched with F&V extracts. Moreover, only papers in
English were included. Due to the potential erosive effect of fruit juice,16 studies on fruit juice intake were
also excluded from this systematic review. Different
age groups were included in this study and there was
no restriction on the severity of periodontitis or gingivitis. The following periodontal outcomes were used
to assess the periodontal status: pocket depth/probing
pocket depth (PD/PPD), plaque index (PI), bleeding
index (BI), bleeding on probing (BOP), alveolar bone
loss (ABL), clinical attachment level (CAL), attachment
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loss (AL), gingival cervical fluid (GCF), gingival index
(GI), gingival recession (GR), modified gingival index
(MGI), community periodontal index of treatment
needs/community periodontal index (CPITN/CPI),
sulcus bleeding index (SBI), vascular endothelial
growth factor (VEGF), and tooth loss (TL). Periodontal disease events noted during the observational period were also used to assess the periodontal status.
The concentration of vitamin C in blood serum, ferricreducing antioxidant power (FRAP) and Trolox equivalent antioxidant capacity (TEAC) were determined. For
evaluating the inflammation status, the concentration
of interleukin 1β (IL‑1β) and interleukin 6 (IL‑6) was
measured. All the papers included in references were
additionally reviewed, but there was only 1 report that
met all the inclusion criteria. The literature search is
illustrated in Fig. 1.

Analysis of study bias and quality
To assess the potential sources of bias, the studies were
reviewed using the critical appraisal checklists from
the Scottish Intercollegiate Guideline Network.17 Analysis of the quality of the RCTs was independently performed by 2 investigators (ASR, KM), using a 9-category
scoring system, being a modified version of the system proposed by Downs and Black.18 The cohort and
cross-sectional studies were also assessed by 2 reviewers (ASR, KM) in terms of their methodological
quality, using an adapted Newcastle-Ottawa Quality
Assessment Scale for cohort studies19 and a separate
scale for cross-sectional studies.20

Data extraction
Data items extracted from the included papers were
as follows: author, year, country, study design, study
duration, sample size, participant characteristics (age,
gender and periodontal status), method(s) for assessing
F&V intake, periodontal status indicator(s), intervention (I) and control (C) conditions in RCTs, and results
reported for periodontal status indicators. The data
was extracted independently by 2 authors (ASR, KM),
with any conflicting judgments discussed and a 3rd independent judgment (JB) sought if agreement could
not be reached.

Search results
In total, electronic search through the 3 databases
and references revealed 181 potentially relevant papers. Seventy-five papers were selected from the
MEDLINE (PubMed) database, 55 from the Scopus
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database, 50 from the Google Scholar database, and
1 from the reference lists. During the first screening,
based on title and abstract, 120 records were excluded
from future analysis. In addition, 12 studies were excluded from analysis due to duplication. In the next
step, 34 full-text articles failed to meet the inclusion
criteria. Overall, a total of 15 articles were enrolled
into the qualitative synthesis and systematic review.

Quality assessment
Four of the studies examining dietary interventions
obtained an overall average rating of 88%, which allowed these studies to be classified as high-quality.21
For example, the study by Staudte et al. met 7 out
of 9 conditions and obtained a total score of 77.77,
and was qualified as a high-quality study.22 In the case
of all the assessed observational studies, sample representativeness was considered to be adequate and
the presence of periodontal diseases was confirmed
by clinical indicators reported at baseline. The comparability of the study groups based on age, gender
and socioeconomic factors was described. Follow-up
and outcome assessment was judged to be adequate in
all studies. Only 1 study did not describe the timeline
of the research.23 Sample size or power calculations
were reported in 5 studies.24–28 Periodontal therapy
was provided by a range of operators, including specialists, general dentists and hygienists. Overall, the
methodological quality of all the observational studies
was considered to be medium.

Study characteristics
The total number of subjects participating in the
studies selected for review was 10,604. The age of the
participants in the studies ranged from 15 to 90 years.
One study was conducted with children and teenagers,29 15 studies involved adults,22–36 while older adults
(≥65 years) participated in 9 studies.22,24,25,27,28,31–33,36
One study included pregnant women.35 Among the
studies selected for review, 4 involved dietary intervention experiments,22,32–34 1 was a retrospective cohort study,26 2 were prospective cohort studies,24,36
and 8 were cross-sectional studies.23,25,27–31,35 The consumption of F&V was mostly assessed using the Food
Frequency Questionnaire (FFQ) method,26,28,30,33,35,36
the food diary method33 and the 24-hour recall method.26–28,30,31 We abstracted the following data from each
study: author’s first name, year of publication, country
where the study was conducted, study design, study duration, sample size, characteristics of the participants,
use of periodontal indices, and results. The studies selected for review are characterized in Table 1.
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Fig. 1. Flow chart of the literature review process
SLR – systematic literature review.
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39 F and 21 M; aged 30–60 years;
chronic periodontitis

51 F and M; aged 30–65 years;
chronic periodontitis

17 F and 7 M; aged ≥18 years;
gingivitis

Staudte et al.
Germany, 200522

Chapple et al.
UK, 201232

Zare Javid et al.
UK, 201433

Widén et al.
Sweden, 201534

625 M; aged 43–86 years;
healthy and with periodontitis
600 subjects (294 F and 306 M);
aged 70 years;
healthy and with periodontitis

Schwartz et al.
USA, 201224
6 years

15 years

6 years

PI; GI; PPD; CAL; TL
PD; GR; AL
PD; AL
CPITN 0 – healthy;
CPITN 3 – periodontitis,
PD ≥ 4 mm
BOP; PD
CPI

frequency of F&V intake and calculating HEI
(a well-balanced diet: HEI > 80)
F&V intake
F&V intake
consumption of citrus fruit and other fruit (apples, grapes
and mixed fruit)
I tertile – the lowest F&V intake (1.5–5.0 servings*/day)
II tertile – medium F&V intake (5.1–6.7 servings/day)
III tertile – the highest F&V intake (6.8–16.8 servings/day)
consumption of vegetables

intake of dark green and yellow vegetables
intake of other F&V

fruit intake as a dietary fiber source

Prospective cohort studies

guava fruit intake as a vitamin C source

ABL; PPD; TL; plaque
accumulation
change in TL over 6 years;
number of periodontitis
events over 6 years

plasma level of vitamin C;
ABL

CPITN

frequency of F&V intake

Retrospective cohort studies

TL: extraction of ≥1 tooth

BOP; level of IL-1β, IL-6 and
VEGF in GCF

consumption of green and yellow vegetables, other
vegetables and fruit

Cross-sectional studies

↓ PPD; ↓ BOP; ↑ CAL
(after just 2 months of dietary treatment)

PPD; BOP; CAL; GCF; MGI;
recession; cumulative
Quigley–Hein index

↓ ABL; ↓ PPD; ↓ TL (at ↑ high-fiber fruit intake)
(for subjects aged ≥65 years)
↓ number of periodontitis events over 6 years
(at ↑ intake of dark green and yellow vegetables
[g/kg])

↓ ABL (at ↑ guava fruit intake)

↑ CPI (at ↓ vegetable intake)
(for BMI > 23 kg/m2)

↓ PD in nonsmokers
(>5 servings/day of F&V)

↓ PD ≥ 4 mm
(in participants with CPTIN 3 in the citrus group)

↑ PD; ↑ AL
(≤4.5 servings/day of F&V without potatoes and
other starchy vegetables) no statistical significance
↑ PD; ↑ AL
(<5 servings/day of F&V)

↓ CAL; ↓ TL (at ↑ intake of F&V)

↓ CPITN (at ↑ intake of green F&V)

↓ TL
(in the group eating vegetables other than green
and yellow)

↓ BOP; ↓ IL-1β, IL-6, VEGF in GCF
(only in the group consuming 500 g bilberries/day)

TEAC and FRAP in plasma
↑ TEAC
and saliva; PI; GR; BI; CAL; PD (I vs C in T1 and T2)

↓ SBI in nonsmokers;
↑ vitamin C level in smokers and nonsmokers

Results

Serum level of vitamin C;
PPD; SBI; PI

Periodontal indices

ABL – alveolar bone loss; AL – attachment loss; BI – bleeding index; BMI – body mass index; BOP – bleeding on probing; C – control group; CAL – clinical attachment level; CPITN/CPI – community periodontal index of treatment
needs/community periodontal index; F – females; FRAP – ferric-reducing antioxidant power; F&V – fruit and vegetables; GCF – gingival cervical fluid; GI – gingival index; GR – gingival recession; HEI – healthy eating index;
I – intervention group; IL-1β – interleukin 1β; IL-6 – interleukin 6; M – males; MGI – modified gingival index; PD – pocket depth; PI – plaque index; PPD – probing pocket depth; SBI – sulcus bleeding index; TEAC – Trolox equivalent
antioxidant capacity; TL – tooth loss; VEGF – vascular endothelial growth factor; *a serving means 125 mL of fresh, frozen or preserved fruit or vegetables, or 250 mL of green leafy vegetables or salads, or 1 piece.

Yoshihara et al.
Japan, 200936

53 F and 45 M; aged 39–50 years;
healthy and with periodontitis

Amaliya et al.
Indonesia, 201526

Study design

Dietary interventions
I – 2 grapefruits/day + dietary recommendations; smokers
2 weeks and nonsmokers
C – smokers and nonsmokers on a usual diet
I – diet + lyophilized fruit and vegetables (FV) and fruit /
8 months vegetables / blueberries (FVB)
C – placebo (primarily microcrystalline cellulose)
I – nutritional education + check-up meetings: before the
6 months study (T0), after 3 months (T1) and after 6 months (T2)
C – control meetings without education
I – 250 g bilberries/day or 500 g bilberries/day
7 days
CI – placebo (potato starch)
CII – standard of care therapy (debridement only)

1,002 pregnant women;
Tanaka et al.
aged 30 years;
28 months
Japan, 200735
healthy and with periodontal diseases
81 F; aged 46–58 years;
Yamori et al.
6 years
healthy and with periodontitis
Tanzania, 201130
340 F and M; aged 18–70 years;
Bawadi et al.
6 months
healthy and with periodontitis
Jordan, 201125
3,107 F and 2,945 M;
Nielsen et al.
aged ≥30 years;
2 years
USA, 201631
healthy and with periodontitis
Rivas-Tumanyan et al. 182 F and 43 M; aged ≥60 years;
2 years
Puerto Rico, 201327 healthy and with periodontitis
227 F and 252 M; aged ≥15 years;
Blihnaut and Grobler farm workers;
12 months
South Africa, 199229 healthy and with periodontal diseases
63 nonsmokers, 23 smokers,
Dodington et al.
F and M; aged 34–90 years;
18 months
Canada, 201528
chronic generalized periodontitis
388 F and 413 M; aged 18–25 years;
Tomofuji et al.
students;
–
Japan, 201123
healthy and with periodontitis

51 F and 29 M; aged 24–65 years;
chronic periodontitis;
smokers and nonsmokers

Table 1. Fruit and vegetables (F&V) intake and periodontal diseases – data analysis
Study
Study
Population
duration
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Fruit and vegetables consumption
as an adjunct to standard of care
treatment (dietary intervention
studies)
Although diet is described as a modifiable risk factor for
periodontal diseases,37 data on dietary manipulations where
F&V were added to the diet of patients with periodontal
diseases is very limited. Our review found 4 such dietary
intervention studies.22,32–34 In the study by Staudte et al.,
it was found that incorporation of 2 servings of grapefruit
(500 g) into the diet of smoking and nonsmoking patients
diagnosed with chronic periodontitis resulted in a significant increase in blood serum vitamin C concentration after a 2-week intervention in comparison to a control group
consuming a usual diet.22 Moreover, among diseased nonsmokers, a significant reduction in the value of SBI was also
observed.22 Widén et al. reported a significant reduction
in BOP, as well as in the concentrations of proinflammatory cytokines (IL-1β and IL-6) and VEGF in GCF among
individuals with gingivitis who consumed 500 g bilberries
per week in comparison to controls receiving a placebo.34
Moreover, it was stated that the intake of 500 g bilberries
caused similar changes in BOP as did standard of care therapy (debridement only).34 Significant improvements in the
PPD and BOP values were observed after only 2 months in
patients suffering from chronic periodontitis who received
nonsurgical treatment and freeze-dried F&V.32 In a 6-month
study conducted by Zare Javid et al. among adults suffering
from chronic periodontitis who had completed nonsurgical treatment, nutritional education activities focusing on
adequate intake of F&V (≥5 servings daily) were linked
with a significant increase in plasma total antioxidant capacity, as measured by the TEAC assay, compared to the
control group.33 No significant differences were observed
between the groups with respect to the periodontal indices
measured (PI, GR, BI, CAL, and PD) or the FRAP index.33
To conclude, on the basis of the collected dietary intervention studies, it can be stated that the incorporation of F&V
into the diet, especially citrus fruit, berries and lyophilized
F&V, as well as nutritional education activities focusing on
adequate F&V intake, may be useful as an adjunctive measure in the management of periodontitis or gingivitis. However, further RCTs are required to confirm this effect.

Fruit and vegetable intake in
the prevention of periodontal
diseases (cohort and crosssectional studies)
We saw an association between F&V intake and perio
dontal health in 8 cross-sectional studies and 3 cohort
studies. For example, Yamori et al., in a study of 81 women

aged 46–58 years, reported that the severity of periodontitis (assessed on the basis of the CPITN) was inversely
correlated with the frequency of intake of green F&V.30
Bawadi et al. stressed that a well-balanced diet (as assessed
by the healthy eating index, HEI > 80) with adequate intake of F&V (min 5 servings per day) was associated with
improved CAL.25 It was also observed that higher intake
of F&V was related to a lower number of lost teeth.25
In a study conducted by Rivas-Tumanyan et al., it was
shown that among elderly patients, having at least 2 teeth
with the AL score of ≥6 mm and at least 1 tooth with the
PD value of ≥5 mm was significantly associated with low
intake of F&V (<5 servings per day).27 In a study conducted during the years 2009–2010 and 2011–2012 on
a population of 6,052 adults, Nielsen et al. observed that
insufficient intake of F&V of ≤4.5 servings per day was associated with an increase in PD and AL; however, this relation was statistically insignificant.31 Blihnaut and Grobler,
in a study of 479 fruit pickers in South Africa, assessed the
relationship between periodontal health (evaluated on the
basis of CPITN) and the intake of fresh fruit (including
citrus fruit, apples, grapes, and mixed fruit).29 The recom
mended daily fruit intake was established as at least 8 apples, 8 bunches of grapes, 8 oranges or mandarins, or 11
fruits being a mixture of different kinds. In individuals
eating citrus fruit, PD ≥ 4 mm was diagnosed less often.29
Similarly, during an 18-month observation, Dodington
et al. recorded that increased intake of F&V (≥5 servings
per day) was associated with a significantly lower incidence of PD > 3 mm.28 However, this association was seen
only among nonsmokers. Tomofuji et al. observed that
the frequency of vegetable consumption among obese
students diagnosed with periodontitis was significantly
lower (10.9%) than among non-obese individuals (33%).23
No such association was found in underweight students
and students with normal body weight.23 In a study conducted by Tanaka et al., involving 1,002 pregnant women,
a relationship between the intake of F&V and TL was
seen.35 The lowest number of lost teeth was recorded
in the group of women consuming the largest amounts
(>170 g per day) of vegetables other than green or yellow,
such as cabbage, radishes and onions.35 The protective
role of adequate F&V intake on periodontal health, as reported by cross-sectional studies, was also confirmed in
2 prospective and 1 retrospective cohort studies. For example, Schwartz et al. observed among veterans aged over
65 years that the intake of high-fiber fruits, such as bananas, apples, pears, oranges, and plums, was associated
with a lower risk of progression in ABL, PPD and TL.24 No
significant associations were seen in younger veterans.24
Moreover, the intake of dark green and yellow vegetables
was negatively correlated with the number of periodontitis events during the 6 years of observations conducted in a group of 600 older adults.36 In her retrospective
study, Amaliya et al. found opposite associations between the consumption of guava fruit, rich in vitamin C,
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and the amount of ABL.26 To conclude, the findings from
the collected studies suggest strong inverse associations
between the progression of periodontal diseases, especially periodontitis, and adequate consumption (at least
5 servings a day) of F&V. In this matter, special attention
should be given to adequate consumption of dark green
and yellow vegetables (spinach, broccoli, yellow peppers,
and carrots) and some other vegetables (cabbage, radishes
and onions), and fruits with a high content of vitamin C
(black currants, grapefruits and oranges) and dietary fiber
(bananas, apples, pears, berries, and plums).

Discussion
The data collected from the cross-sectional studies and
confirmed by the prospective and retrospective cohort
studies clearly indicates that the recommended intake
of F&V (at least 5 servings a day) is a significant factor
that can prevent the progression of periodontal diseases
and even tooth loss among people at all ages. It should
be highlighted, however, that smoking is a significant risk
factor in the progression of periodontitis, irrespective
of the actual intake of F&V.37 Our findings were similar
to those presented by Nanri et al. and Moynihan, where
higher F&V consumption was also associated with better oral health-related quality of life.38,39 Moreover, our
systematic literature review indicated that incorporating
F&V (especially citrus fruit and berries) into the diet, as
well as nutritional education activities that stress the need
for adequate intake of F&V by individuals with various
forms of periodontal diseases, could lead to a significant
enhancement in the oral health status by improving gingival inflammation indices34 and inhibiting the progression
of periodontitis.22,33,34 An interesting alternative seems to
be provided by the potential use of freeze-dried F&V in
the treatment of periodontitis.32 This particularly pertains
to individuals who, due to the progression of periodontitis
and disturbed mastication (i.e., older adults) do not consume adequate amounts of fresh F&V. It has been stated
that almost 85% of patients currently reporting periodontitis are 65 years or older,40 which is due to the fact that
the number of teeth decreases with age and the remaining teeth get more exposed and sensitive to pathogenic
agents. Periodontitis leads to difficulties in the consumption of certain types of foods, especially raw F&V, which
are hard to chew. Therefore, in the case of such people,
lyophilized F&V products could constitute an interesting
approach to the prevention of periodontal diseases, and
these products could be recommended as safe adjuncts to
nonsurgical periodontal therapy in patients with gingivitis and periodontitis.
Fruit and vegetables are a good source of multiple nutrients, including vitamins A, E and C, and phytochemicals, as well as dietary fiber. All these compounds can affect periodontal health, as they function as antioxidants,
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antibacterial agents (inhibiting the adhesion of such
pathogens as Streptococcus mutans to plaque) and enhancers of cell-mediated immunity.32,41,42 For example,
grapefruits are among the richest dietary sources of vitamin C.39 Two portions of grapefruit provide about 240 mg
of vitamin C.34 The mechanism of action of vitamin C is
associated with its antioxidant properties, which help to
reduce the production of reactive oxygen radicals, formed
during inflammatory processes.39,43 Staudte et al. stress
that adequate intake of vitamin C is crucial in collagen
synthesis and in preventing excessive permeability of the
gingival tissue.22
Berry fruits, such as cranberries, bilberries and blueberries, are also a significant source of flavanols, anthocyanins and proanthocyanidins. These compounds inhibit
the formation of biofilm on tooth surfaces, at the same
time exhibiting strong antioxidant and anti-inflammatory
activity.34 Yellow and dark green vegetables may also have
beneficial effects on periodontal health, mostly because
they are a source of antioxidants and may lower pH levels,
thus reducing the number of pathogens.36 Lectins, prostaglandins and thiosulfates contained in onions have antiinflammatory and antibacterial properties.44,45 Lupenol
present in white cabbage exhibits anti-inflammatory activity.46,47 Radish is a good source of glucosinolates, which
have antioxidant properties.48 A number of mechanisms
have been proposed to explain the relationship between
the intake of high-fiber food and periodontal diseases.
The protective effect of fiber consists in controlling serum glucose levels and insulin resistance, since diabetes
has been unequivocally confirmed as a major risk factor
for periodontitis.24 Moreover, high-fiber foods mechanically remove plaque from tooth surfaces.49
Our study has several strengths. Our systematic review was based on 8 cross-sectional studies, as well as on
2 prospective studies and 1 retrospective cohort study, all
of them conducted on various populations, which allowed
us to conclude that higher intake of F&V is positively associated with the periodontal health status. However,
this systematic review also has several limitations. Firstly,
the studies included in the systematic review used different periodontal disease indices, which made the results
of those studies difficult to compare. Secondly, different
studies used different methods of dietary assessment,
such as 24-hour recall, food diaries and FFQ. Moreover,
in the cohort and cross-sectional studies, either the frequency of F&V intake or the consumption of various fruit
(e.g., rich in vitamin C and dietary fiber) and vegetables
(e.g., dark green and yellow) was evaluated. Thirdly, there
were differences in the classification of F&V across studies. Types of consumed F&V differed according to geographical locations. These factors could affect our results.
Fourthly, there were only a few dietary intervention studies that might confirm the effect of F&V as an adjunctive measure in the management of periodontal diseases.
Therefore, more high-quality dietary intervention studies,

438

A. Skoczek-Rubińska, J. Bajerska, K. Menclewicz. Food and vegetables intake in periodontal diseases

focusing on different age groups, but with special attention paid to older age groups, are required to confirm our
findings. Dietary advice for the prevention of oral diseases
also has to be a part of routine patient education practices. However, we should also highlight that there is growing awareness among dental professionals of the beneficial effects of adequate diets on the periodontal tissue
condition. According to Kelly and Moynihan, 66% of the
surveyed dentists stated that an adequate, well-balanced
diet significantly affected the progression of periodontal
diseases.50 Most respondents declared that the intake
of vitamin C was significantly associated with improved
periodontal health (70.2%), with the recommended level
of F&V intake ranking 2nd (64.3%).
This systematic review suggests that the consumption
of F&V, at least 5 servings per day, especially dark green
and yellow vegetables (spinach, broccoli, yellow peppers,
and carrots) and some other vegetables (cabbage, radishes, onions), as well as fruit rich in vitamin C (black currants, grapefruits, oranges) and dietary fiber (bananas,
apples, pears, berries, and plums) may prevent the progression of periodontal diseases, especially periodontitis,
and even tooth loss. Moreover, incorporation of specific
F&V (berries, citrus fruit) into the diet or, alternatively,
their lyophilized forms, and nutritional education activities seem to support the standard of care therapy of gingivitis and periodontitis. However, further observational
and well-designed experimental studies, with homogeneous periodontal status outcomes, are needed to confirm these findings. Furthermore, professional dietetics
care for periodontal patients should be an integral component of the healthcare program.
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