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ABSTRACT
Background: Gingival inflammation is a common reversible inflammatory condition of the gingiva,
primarily caused by dental plaque biofilm.
Objective: To assess the role of antioxidant intake in preventing gingival inflammation among adult
dental patients.
Methods: This cross-sectional analytical study was conducted at Department of Community and
Preventive Dentistry, Shahida Islam Dental College, Lodhran from April 2025 to September 2025,
included 187 adult patients visiting the dental outpatient department. Demographic data, oral hygiene
practices, smoking status, antioxidant-rich dietary intake, and antioxidant supplement use were recorded
using a structured proforma.
Results: The mean age of the participants was 34.82 + 10.46 years, and 105 (56.1%) were female.
Gingival inflammation was present in 119 (63.6%) patients. Low antioxidant intake was observed in 64
(34.2%) patients, moderate intake in 78 (41.7%), and high intake in 45 (24.1%). Gingival inflammation
was most frequent in the low antioxidant intake group 52 (81.3%), followed by moderate intake 49
(62.8%), and was lowest in the high intake group 18 (40.0%) (p <0.001). Patients with high antioxidant
intake had lower plaque index score, gingival index score, and bleeding on probing compared with those
with low intake. On multivariable logistic regression, high antioxidant intake was independently
associated with reduced odds of gingival inflammation (adjusted OR 0.34, 95% CI 0.16-0.72, p =
0.005).
Conclusion: Higher antioxidant intake was significantly associated with lower frequency and severity
of gingival inflammation.
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present along the gingival margin. Gingival

INTRODUCTION

Gingival inflammation is one of the most
frequently seen oral health issues and is the
initial clinical phase of periodontal disease [1].
Typically forms as a host inflammatory
response to the bacterial, plaque biofilm that is

inflammation clinically appears as redness,
swelling, tenderness, bleeding on probing and
increased gingival crevicular fluid [2]. Plaque
control will reverse gingivitis, but if
inflammation continues, it may cause
periodontal  tissue destruction, and in

1JDDT, Volume 16 Issue 47s, 2026

Page: 1106



THE ROLE OF ANTIOXIDANTS IN PREVENTING GINGIVAL INFLAMMATION: A RANDOMIZED
CLINICAL TRIAL

susceptible  individuals,  develop into
periodontitis. Hence, prevention and -early
management of gingival inflammation is key to
maintain the oral and systemic health [3].
Gingival inflammation is a complex process in
which microbial plaque, host immune response,
inflammatory mediators and oxidative stress
are all linked in pathogenesis. Neutrophils,
macrophages and other immune cells release
cytokines, prostaglandins, matrix
metalloproteinases and reactive oxygen species
when stimulated by bacterial biofilm [4].
Reactive oxygen species (ROS) are a normal
part of the defense mechanism against
pathogens, but when produced in excess, they
can overwhelm the antioxidant defense system
and result in oxidative damage to lipids,
proteins, DNA and connective tissue
components. This imbalance of oxidation can
exacerbate gingival inflammation, impair
healing and aid in periodontal tissue breakdown
[5].

Antioxidant molecules are molecules that can
neutralize reactive oxygen species and decrease
oxidative stress. These can come from the diet
or be synthesized within the body. Vitamin C,
vitamin E, vitamin A, carotenoids, flavonoids,
polyphenols, coenzyme Q10, glutathione,
superoxide dismutase, catalase and selenium-
dependent enzymes are important antioxidants
[6]. The antioxidants in oral tissues prevent the
oxidative damage to the gingival cells, and
stimulate  collagen production, immune
regulation, wound healing and epithelial
integrity [7]. Vitamin C is significant as it is a
key component in the synthesis of collagen and
therefore important for the health of gingival
connective tissue, and vitamin E and
polyphenols are important in reducing lipid
peroxidation and inflammatory damage. An
increasing body of evidence has emerged in
recent years indicating that the host response to
oxidative stress is a key factor in the
pathogenesis of periodontal inflammation in
addition to bacterial plaque [8]. The antioxidant
status is lower in patients with gingivitis and
periodontitis, indicating that low antioxidant
capacity may predispose them to inflammation
[9]. Eating a diet that is high in antioxidants,
such as fruits, vegetables, whole grains, nuts,
and other foods, can have a beneficial effect on
the health of gums, reducing both systemic and
local oxidative stress. Similarly, topical and
systemic antioxidant supplementation is being

studied as an add-on to oral hygiene and
periodontal therapy [10].

Antioxidants can help to prevent gingival
inflammation in several ways. They can
scavenge free radicals and, at the same time,
prevent the damage to tissues, which is the first
mechanism that can reduce oxidative stress.
Second, they can inhibit pathways of
inflammation and lower pro-inflammatory
cytokines. Third, antioxidants may assist
collagen metabolism, as well as gingival tissue
repair. Fourth, they could help to boost immune
function and resistance to bacterial challenge
[12]. Antioxidants are not to be considered as a
substitute for mechanical plaque control,
however. Despite the advent of new
technologies, the essential strategies for
gingivitis prevention remain toothbrushing,
interdental cleaning, professional scaling and
correct oral hygiene [13]. Antioxidants should
be viewed as adjunctive compounds which
could augment tissue protection and diminish
inflammation in conjunction with routine,
preventative treatment [14].

Objective

To assess the role of antioxidant intake in
preventing gingival inflammation among adult
dental patients.

METHODOLOGY

This was a cross-sectional analytical study
conducted at Department of community and
preventive Dentistry, Shahida Islam Dental
College, Lodhran from April 2025 to
September 2025. A total of 187 patients were
included in the study. Non probabilistic
(consecutive  sampling  technique) was
employed. Patients who met the inclusion
criteria were recruited until the needed number
of patients was reached. Patients were included
if they were over 18 years old, had natural
dentition and were willing to participate in the
study. Patients with clinically evaluable
gingival tissues and complete periodontal
examination records were included. Patients
with healthy and mild to moderate gingival
inflammation were included for comparison of
the antioxidant exposure and the inflammatory
status of the gums. Patients who were
diagnosed with periodontitis with clinical
attachment loss, received a periodontal therapy
within the past three months, had taken any
antibiotic or anti-inflammatory drugs within the
past four weeks, were pregnant, lactating, had a
systemic autoimmune disease, malignancy,
chronic kidney disease, chronic liver disease,
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uncontrolled diabetes mellitus, or had any
orthodontic appliance in place were excluded.
Patients who had missing diet or clinical
information, or who did not sign informed
consent forms were also excluded.

Data Collection

Demographic and clinical data were collected
by a pre-structured proforma after obtaining
informed consent. The data were age, gender,
BMI, smoking, oral hygiene habits,
toothbrushing, interdental hygiene, dental visits,
diet of antioxidant rich foods, and antioxidant
supplements. Dietary antioxidant exposure was
determined by the frequency of consumption of
fruits, vegetables, green tea, nuts, citrus fruits
and other antioxidant-rich foods. Patients were
divided into three groups: low, moderate and
high intake of antioxidants depending on the
frequency of their intake. A trained dental
examiner performed an oral exam by means of
the usual periodontal instruments on all patients.
The gingival index, bleeding on probing, plaque
index, and gingival redness or swelling were
used to measure gingival inflammation. The
amount of plaque accumulation was noted to
assess oral hygiene. Bleeding on probing was
evaluated either at specific index teeth or full
mouth, depending on departmental protocol,
with gentle probing. Gingival inflammation
was classified as absent, mild, moderate or
severe by clinical observation.

Hyperbaric Oxygen Therapy (H.O.T.).
Exposure to antioxidants was assessed by diet
history and supplementation. Patients who
reported regular consumption of fruits or
vegetables that are rich in antioxidants or
supplements containing antioxidants (such as
vitamin C, vitamin E, coenzyme Q10, or multi-
vitamins) were recorded. For this study, dietary
intake of antioxidants was the primary exposure
variable, although serum vitamin C, vitamin E,
total antioxidant capacity or oxidative stress
markers could be measured if laboratory
facilities were available. The outcome variable
was the presence of gingival inflammation. The
secondary outcomes were severity of gingival
inflammation, bleeding on probing, plaque
index and relationship between antioxidant
consumption and gingival health status. The
level of antioxidant consumption was the
primary independent variable. Other factors
were age, sex, smoking, BMI, oral hygiene
practices, plaque score, diabetes status, and
supplement use.

Statistical Analysis

Data were entered and analyzed using SPSS
version 26.0. Quantitative variables such as age,
BMI, gingival index score, plaque index score,
and bleeding score were expressed as mean +
standard deviation. Qualitative variables such
as sex, smoking status, antioxidant intake
category, supplement use, and gingival
inflammation status were presented as
frequencies and percentages. Chi-square test or
Fisher’s exact test was used to assess
associations between categorical variables. A p-
value of less than 0.05 was considered
statistically significant.

RESULTS

Data were collected from 187 patients, with a
mean age of 34.82 + 10.46 years. Most
participants were in the 31-45 years age group
79 (42.2%), followed by 18-30 years 68 (36.4%)
and >45 years 40 (21.4%). Females were
slightly more common than males, with 105
(56.1%) females and 82 (43.9%) males. Current
smoking was reported by 38 (20.3%)
participants. Regarding oral hygiene practices,
96 (51.3%) brushed their teeth twice daily or
more, while only 42 (22.5%) practiced
interdental cleaning.

Table 1. Baseline demographic and oral
hygiene characteristics of study participants

N=187)

Variable n (%) / Mean
+SD

Age (years) 34.82+10.46
18-30 years 68 (36.4%)
31-45 years 79 (42.2%)
>45 years 40 (21.4%)
Male 82 (43.9%)
Female 105 (56.1%)
Current smoker 38 (20.3%)

Toothbrushing twice daily | 96 (51.3%)
or more

Interdental
practice

Regular dental visits 55 (29.4%)
Antioxidant  supplement | 49 (26.2%)
use
Low antioxidant intake was observed in 64
(34.2%) participants, moderate intake in 78
(41.7%), and high intake in 45 (24.1%). Daily
fruit intake was reported by 71 (38.0%)
participants, while daily vegetable intake was
reported by 83 (44.4%). Citrus fruit intake at
least three times per week was present in 76
(40.6%) participants. Green tea intake >3
times/week was less common, reported by 39

cleaning | 42 (22.5%)
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(20.9%), while nuts or seeds intake >3
times/week was reported by 46 (24.6%).
Table 2. Antioxidant intake pattern among

study participants
Antioxidant-related n (%)
variable
Low antioxidant intake 64 (34.2%)
Moderate antioxidant | 78 (41.7%)

intake

High antioxidant intake
Daily fruit intake 71 (38.0%)
Daily vegetable intake 83 (44.4%)
Citrus fruit intake >3 | 76 (40.6%)
times/week
Green tea intake >3 | 39 (20.9%)
times/week
Nuts/seeds intake >3 | 46 (24.6%)
times/week
Any antioxidant | 49 (26.2%)
supplement use
The mean plaque index score was 1.62 + 0.58,
while the mean gingival index score was 1.28 £
0.61. The mean bleeding on probing score was
28.46 £ 16.72%, showing a clinically relevant
burden of gingival bleeding. Gingival
inflammation was present in 119 (63.6%)
participants, while 68 (36.4%) had no gingival
inflammation. Mild inflammation was observed
in 61 (32.6%) participants, moderate
inflammation in 45 (24.1%), and severe
inflammation in 13 (7.0%). Visible plaque
accumulation was present in 124 (66.3%),
gingival bleeding complaint in 87 (46.5%), and
gingival redness or swelling in 102 (54.5%)
participants.

Table 3. Clinical periodontal and gingival

45 (24.1%)

findings
Variable n (%) / Mean
+SD
Plaque index score 1.62 +0.58
Gingival index score 1.28 £0.61

Bleeding on probing score | 28.46 + 16.72
(%)

Gingival inflammation | 119 (63.6%)
present

Gingival inflammation | 68 (36.4%)
absent

Mild inflammation
Moderate inflammation

61 (32.6%)
45 (24.1%)

Severe inflammation 13 (7.0%)
Visible plaque | 124 (66.3%)
accumulation

Gingival bleeding | 87 (46.5%)
complaint

Gingival redness/swelling | 102 (54.5%) |

Gingival inflammation was most frequent in the
low antioxidant intake group, where 52 of 64
participants (81.3%) had inflammation and
only 12 (18.8%) were free from inflammation.
In the moderate intake group, 49 of 78
participants (62.8%) had gingival inflammation,
while 29 (37.2%) had no inflammation. The
lowest frequency of gingival inflammation was
seen in the high antioxidant intake group, where
only 18 of 45 participants (40.0%) had
inflammation, while 27 (60.0%) had no
gingival inflammation.

Table 4. Association between antioxidant
intake and gingival inflammation

Antiox | Tota | Gingiva | Gingiva | p-
idant 1 1 1 valu
intake | pati | inflam | inflam |e
catego | ents | mation | mation
ry absent, | present,

n (%) n (%)
Low 64 12 52 <0.0
intake (18.8%) | (81.3%) | O1*
Moder | 78 29 49
ate (37.2%) | (62.8%)
intake
High 45 27 18
intake (60.0%) | (40.0%)
Total 187 | 68 119

(36.4%) | (63.6%)

Participants with high antioxidant intake had 66%
lower odds of gingival inflammation compared
with those with low intake (adjusted OR 0.34,
95% CI 0.16-0.72, p = 0.005). Antioxidant
supplement use was also independently
protective, reducing the odds of gingival
inflammation by 53% (adjusted OR 0.47, 95%
CI 0.23-0.96, p = 0.039). Plaque index score
was the strongest risk factor, with each increase
associated with markedly higher odds of
gingival inflammation (adjusted OR 3.86, 95%
CI2.31-6.44, p < 0.001).
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Table 5. Multivariable logistic regression
analysis for predictors of gingival
inflammation

Predictor Adjusted | 95% | p-value
OR CI

High 0.34 0.16— | 0.005*

antioxidant 0.72

intake

Moderate 0.58 0.29— | 0.109

antioxidant 1.13

intake

Antioxidant | 0.47 0.23— | 0.039*

supplement 0.96

use

Plaque index | 3.86 2.31- | <0.001*

score 6.44

Current 2.42 1.01- | 0.047*

smoking 5.79

Twice daily | 0.49 0.25— | 0.041*

brushing 0.97

Interdental 0.51 0.23— | 0.101

cleaning 1.14

Regular 0.64 0.31- | 0.237

dental visits 1.34

Age 1.02 0.98- | 0.318
1.05

Male sex 1.29 0.66— | 0.452
2.51

< 0.05 was considered statistically significant.

DISCUSSION

The present study evaluated the antioxidant
status in adult dental patients and its association
with gingival inflammation. Inflammatory
gingival changes were common in the study
population as evidenced by the presence of
gingival inflammation in 119 patients (63.6%).
Plaque index, gingival index and bleeding on
probing were 1.62 + 0.58, 1.28 + 0.61, and
28.46 + 16.72%, respectively, which indicate a
moderate plaque-associated gingival
inflammation. The results of this study indicate
that gingival inflammation is a common oral
health issue and is highly dependent on both
plaque and protective factors at the host level.

A key finding of this study was the significant
inverse association between antioxidant intake
and gingival inflammation. The patients with
low antioxidant intake had the highest
incidence of gingival inflammation (52/64
patients, 81.3%). But in mild antioxidant intake,
there were 49 patients with inflammation, and
in high antioxidant intake, there were only 18
patients with inflammation (62.8% and 40.0%,
respectively). The trend of decreasing
inflammation with increasing amounts of
antioxidants was statistically significant (p <
0.001). There is a pattern confirming that
improved antioxidant exposure is associated
with better gingival health, possibly due to
decreased oxidative stress and tissue defence
[15].

The clinical periodontal parameters also
demonstrated a uniform improvement by each
category of antioxidant intake. Patients with
low antioxidant intake showed highest plaque
index score as 1.86 = 0.53, gingival index score
as 1.62 £+ 0.57% and BOP score as 36.92 +
15.48%. Patients with high antioxidant intake
showed significantly lower plaque index score
(1.28 £ 0.49), gingival index score (0.86 £ 0.43)
and bleeding on probing score (17.91 =+
11.82%). This trend also corroborates the
hypothesis that antioxidant intake through diet
may be linked to decreased gingival bleeding,
severity of inflammation and overall oral
hygiene practices [16]. Biologically, the
association between antioxidant intake and
gingival health could be explained by the role
of oxidative stress in periodontal inflammation.
Neutrophils and other inflammatory cells
respond to dental plaque biofilm by generating
ROS. The gingival tissues can suffer from lipid
peroxidation, degradation of collagen, damage
to the epithelium, and also release of increased
amounts of inflammatory mediators if the
amount of ROS exceeds the antioxidant
capacity of the local tissue. Vitamins and
minerals that are antioxidants, like vitamin C,
vitamin E, carotenoids, flavonoids, polyphenols,
and coenzyme Q10, may neutralize free
radicals, minimize tissue damage, and promote
wound healing. The same has been shown in
previous studies which suggested that reduced
antioxidant status has been linked with
increased  gingival  inflammation  and
periodontal tissue damage [17].

In multivariable logistic regression analysis,
high intake of antioxidants was independently
protective. Patients who consumed the highest

1JDDT, Volume 16 Issue 47s, 2026

Page: 1110



THE ROLE OF ANTIOXIDANTS IN PREVENTING GINGIVAL INFLAMMATION: A RANDOMIZED
CLINICAL TRIAL

amount of antioxidants had 66% reduced odds
of gingival inflammation compared with those
who consumed the lowest amount (adjusted OR
0.34, 95% CI 0.16-0.72, p = 0.005).
Antioxidant supplement use was also
independently linked to decreased odds of
inflammation (aOR 0.47, 95% CI 0.23-0.96, p
=0.039) [18]. This is particularly significant as
the protective association remained after taking
into account the plaque index, smoking,
brushing, interdental cleaning, dental visits, age
and sex. Thus, antioxidants can potentially be
not just a reflection of better dietary choices but
may also have an independent effect on
decreasing gingival inflammation. The oral
hygiene practices were also highly significant
with regards to gingival status. 70.6% of
patients who reported non-inflamed gums
brushed their teeth twice a day, while 40.3% of
the patients with inflamed gums brushed their
teeth twice a day (p < 0.001) [19]. Interdental
cleaning also was more prevalent among
patients without inflammation (36.8%) than
patients with inflammation (14.3%) (p<0.001).
A brushing frequency of twice a day remained
protective in the multivariable analysis
(adjusted OR 0.49, 95% CI 0.25-0.97, p =
0.041). These results indicate that oral hygiene
behaviors continue to be a cornerstone of
quality of life, and that antioxidants may be a
secondary protective factor, in addition to oral
hygiene.

The results of this study have important clinical
implications. Though the importance of plaque
control is continually reiterated as the primary
preventive measure, dental professionals may
still find it beneficial to counsel patients on diet,
particularly those with frequent bleeding gums
or poor nutrition. Consuming fruits, vegetables,
citrus fruits, nuts, seeds and foods high in
polyphenols regularly may help promote the
health of the gums.  Antioxidants
supplementation should be considered in
individual patients with a low dietary intake of
these antioxidants but should not replace oral
hygiene or professional periodontal treatment.
There are some limitations to this study. First,
the cross sectional design used makes it
impossible to draw causal conclusions
regarding the relationship between antioxidant
intake and gingival inflammation. Second,
antioxidant exposure was primarily determined
by dietary history and use of antioxidants
supplements, which may be subject to recall
bias. Thirdly, serum antioxidants levels or

oxidative stress markers were not assessed and
thus biological antioxidant status was not
directly confirmed. Fourth, plaque control, diet,
smoking and socioeconomic status and dental
awareness may interrelate and affect gingival
outcomes. Finally, the study took place in one
clinical setting, and this may limit its
applicability to other populations.
CONCLUSION

This study demonstrated that higher antioxidant
intake was significantly associated with
reduced gingival inflammation among adult
dental patients. Gingival inflammation was
most common in patients with low antioxidant
intake and progressively decreased among
those with moderate and high antioxidant intake.
Patients with high antioxidant intake also
showed lower plaque index scores, lower
gingival index scores, and reduced bleeding on
probing, suggesting better gingival health.
Multivariable analysis further showed that high
antioxidant intake and antioxidant supplement
use were independently protective against
gingival  inflammation, = while = plaque
accumulation and smoking increased the risk.
These findings suggest that antioxidants may
play a supportive role in preventing gingival
inflammation by reducing oxidative stress and
improving tissue defense.
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