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- Original Article

The Associate between Energy-Adjusted Dietary Inflammatory Index and
Periodontal Disease: A Cross-Sectional Study

Abstract

Background: Previous studies have shown that the dietary inflammatory index (DII) is associated
with different health outcomes. However, few studies have investigated the relationship between
DII and oral health. We aimed to assess the association between energy-adjusted dietary
inflammatory index (E-DII) and periodontal disease. Methods: This cross-sectional study was
conducted in 2019 on 213 Iranian participants. E-DII was calculated based on the data obtained
by the food frequency questionnaire. The plaque control index was measured by the O’Leary
method. Gingivitis was evaluated based on the signs of inflammation in the gums. The Decayed,
Missing, and Filled Teeth (DMFT) are based on the number of decayed, filled, and missed teeth
resulting from caries. Results: the score of E-DII among subjects in the last tertile of the E-DII
was > -0.33/. Therefore, participants of the present study did not consume a high proinflammatory
diet. No significant correlation between E-DII and dental plaque control index (r = 0.046,
P = 0.518), gingival index (r = 0.001, P = 0.998), and DMFT (r = -0.021, P = 0.762) was observed.
Conclusions: In this study, inflammatory diet and plaque and gingival index were not associated; it

should also be investigated in prospective studies.
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Introduction

Gingivitis is a chronic disease of the
periodontal tissue that eventually leads to
tooth loss.'?) The prevalence of gingivitis
in adults is 10 to 60%.°* Aging, male
gender, low level of education, smoking,
and the presence of metabolic disorders are
risk factors for gingivitis.>¢! Additionally,
inflammation has an important role in the
pathogenesis of gingivitis.?” A previous
study showed that the prevalence of
gingivitis among Iranian children aged
6 to 9 years was 97% (in 6-7 years),
98.1% (7-8 years), and 98.5% (in
8-9 years).®! Periodontal disease is
associated with an increase in the
production of reactive oxygen species,
which, if not sufficiently buffered, will
cause damage to the host’s cells and
tissues.’? There is a direct association
between periodontitis (e.g., gingivitis)
and inflammatory biomarkers including
C-reactive protein (CRP), interleukin-6
(IL), and tumor necrosis factor-o
(TNF-o).'% Evidence shows that dietary
intakes play an important role in regulating
chronic inflammation. 12! Several
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nutrients are associated with a reduction
in inflammatory biomarkers involved
in the periodontal diseases. Antioxidant
nutrients, for example, beta-carotene,
ascorbic acid (vitamin O and
alpha-tocopherol (vitamin E), important
buffers are reactive oxygen species and
they are found in vegetables, fruits,
seeds, and grains.®! Dietary Inflammatory
Index (DII) is a population-based,
literature-derived dietary index developed
to predict anti-inflammatory and
proinflammatory effects of a diet."*
Previous studies have shown a significant
positive association between DIl and
inflammatory biomarkers such as CRP,
IL-6, and TNF-a, homocysteine, and
fibrinogen.  Evidence  reported  that
anti-inflammatory dietary components were
inversely associated with periodontitis.[!*15]
However, proinflammatory nutrients such
as saturated fatty acids increase the risk
of periodontal disease.') Although the
association between gingivitis and some
individual nutrients was assessed in
previous studies, evidence regarding the
relationship between gingivitis and DII is
limited. Therefore, we aimed to assess the
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association between DII and indices of gingivitis among
healthy adult subjects.

Methods

The present cross-sectional study was conducted on a
sample of the Iranian adult population in 2019. Individuals
referring to dental clinics in Isfahan were screened for
inclusion and exclusion criteria. Adult subjects (>18 years
old) were included. Following exclusion criteria were
considered: (1) being pregnant and breastfeeding; (2) using
anti-inflammatory drugs or supplements; (3) smoking or
alcohol consumption; (4) chronic inflammatory diseases
including diabetes, cardiovascular, rheumatoid arthritis;
(5) not responding to more than 39 items of dietary
questionnaire; and (6) under- or over-reporting of energy
intake (less than 800 and more than 4,200).

Sample size

We used the following equation to calculate the required
sample size:

2 2
n= (1-r) (Zz1+Zz) +2
r

Type 1 error was 0.05, and type 2 error was 0.20 (Z,=1.96
and Z, = 0.84). The correlation coefficient between the
energy-adjusted dietary inflammatory index (E-DII) and
periodontal index was 0.2. Therefore, the required sample
size was at least 190 subjects.

Dietary assessment and calculation of E-DII

Usual food intake of individuals was assessed using a
validated and reliable semi-quantitative food frequency
questionnaire including 168 food items by a face-to-face
interview.l'"” Subjects were asked to report the frequency
of consumption of each food item according to the amount
consumed the previous year. Dietary intakes were converted
to energy and macro/micro nutrients using Nutritionist
4 software. The E-DII is a novel dietary index estimated
from 45 nutrients and dietary components to evaluate the
potential effect of a diet on inflammation.l'” In the present
study, we calculated DII based on the intake of 35 food
components including energy, carbohydrate, dietary fiber,
protein, total fat, trans fatty acid, saturated fatty acid,
poly-unsaturated fatty acid, mono-unsaturated fatty acid,
n-3 fatty acids, n-6 fatty acids, cholesterol, vitamin D,
vitamin A, vitamin E, vitamin C, vitamin B12, vitamin
B6, niacin, folic acid, thiamin, riboflavin, iron, magnesium,
zinc, selenium, beta-carotene, caffeine, garlic, ginger, onion,
saffron, turmeric, green/black tea, pepper. To calculate
a participant’s DII score, daily consumption of the DII
components was converted to a Z-score and percentile by
a global daily mean intake estimated from a multi-national
database. Then, we calculated the participant’s DII score
as the sum of the components of the centered proportion
score and the Overall inflammatory effect score for each of

2

the DII components. The E-DII calculation was based on
dietary intake data per 1000 kcal.l'>!%]

Anthropometric variables

Height (cm) was measured with tape in a standard position
without shoes, with an accuracy of 0.1 cm. Weight (kg)
was assessed with light clothing without shoes with an
accuracy of 0.1 kg. Body mass index (BMI) was calculated
by dividing weight (kg) by squared height (m?).

Evaluation of dental plaque control index

O’Leary dental plaque control index is the percentage of
stained surfaces (plaque finder) with detector pills relative
to the total tooth surfaces in an individual. The plaque
index, designed by O’Leary, was estimated at the rate (%)
of plaque deposition on the surface of each tooth divided
into four parts: mesial, distal, buccal, and lingual surfaces,
and a score for plaque deposition.!"

Evaluation of gingival index

It was determined according to the following criterial>”
shown in Table 1.

Assessment of decayed, missing, and filled teeth (DMFT)

The DMFT was measured by direct clinical examination
and observation based on the number of decayed (D),
filled (F), and missed (M) teeth resulting from caries. The
examination was performed under adequate light with a
mirror.!

Assessment of other variables

General characteristics including age, sex, education level,
smoking, number of brushings, flossing, use of mouthwash
and were obtained by completing a general information
questionnaire.

Statistical analysis

Normal distribution was checked using the Kolmogorov—
Smirnov test. E-DII was reported as tertiles (T1: < -1.46,
T2: -1.45, -0.34, and T3: > -0.33). Continuous variables
across the tertiles of the E-DII were compared using the
analysis of variance (ANOVA) test. The Chi-square test
was applied to compare quantitative variables across
tertiles of the E-DII. Dietary intakes were adjusted for total
energy intake by the analysis of covariance (ANCOVA)
test. The association between dental health indices
and E-DII was assessed by the Pearson correlation
coefficient (for dental plaque control index and DMFT)
and Spearman correlation coefficient (for Gingival
Index). Analyzes were performed using SPSS software
version 16. Mean and standard deviation were used to
report quantitative numbers.

Results

We visited 318 individuals, and 213 of them were enrolled
in the present study according to the inclusion and exclusion

International Journal of Preventive Medicine 2024, 15: 58
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criteria. General characteristics of the study participants
are given in Table 2. There was no significant difference
in age (P = 0.333), sex (P = 0.051), height (P = 0.163),
weight (P = 0.402), BMI (P = 0.173), frequency of
using toothbrush per day (P = 0.758), frequency of
using dental floss per day (P = 0.534), frequency of
using mouthwash in the week (P = 0.334), smoking
(P = 0.476), education (P = 0.253), married (P = 0.480),
income (P = 0.085), and frequency of using chewing gum
in the week (P = 0.879) across tertiles of E-DII.

Table 3 shows the dietary intakes of the subjects across
tertiles of E-DII. Participants in the last tertile of E-DII
consumed more amount of potassium (P < 0.001),
vitamin A (P = 0.005(, vitamin C (P < 0.001(, vitamin
B6 (P = 0.005(, magnesium (P < 0.001(, zinc (P = 0.002),
copper (P < 0.001), and fiber (P < 0.001) compared with
the first tertiles. Intake of other nutrients had no significant
difference across tertiles of E-DII.

Table 4 demonstrates the correlation coefficient between
E-DII and dental health indices. No significant correlation

Table 1: Determination of gingival index

Property Score
Normal gingiva 0
Mild inflammation: slight change in the color, 1
slight edema. No bleeding on probing

Moderate inflammation; redness, edema, and 2
glazing. Bleeding on probing

Severe inflammation; marked redness and edema. 3

Ulceration. Tendency to spontaneous bleeding

between E-DII and dental plaque control index (r = 0.046,
P = 0.518), gingival index (r = 0.001, P = 0.998), and
DMFT (r = -0.021, P = 0.762) was observed.

Discussion

In this cross-sectional study conducted on a sample of 213
Iranian adults, there was no significant association between
E-DII, plaque, and gingival index. It is possible that other
contributing factors may have a stronger relationship than
E-DII in periodontal disease.

The results of some studies were similar to our findings. In
a study by Iwasaki et al®V 1075 Moroccan subjects who
consumed an anti-inflammatory diet, the Mediterranean diet,
were included to assess the relation between dietary intakes
and periodontitis. There was no significant association
between the Mediterranean diet and periodontitis in
Moroccan youth. Alhassani ef al.?? found no association
between empirical dietary inflammatory pattern scores
and periodontitis in young men. Therefore, inflammatory
aspects of the diet may not significantly influence the risk
of periodontitis. A long-term prospective cohort study
recruited 34,940 men and reported that a “prudent” diet
rich in anti-inflammatory components such as fruits and
vegetables was not related to the self-reported incidence of
periodontitis after a 24-year follow-up period.?!

Results of some studies were not similar to our findings.
Kotsakis, G. A., et al.?* reported that an anti-inflammatory
diet was associated with less tooth loss. In another
study, participants who consumed a Mediterranean
diet, as an anti-inflammatory and healthy diet, had less
periodontal bacteria.” Machado et all™ found that

Table 2: General characteristics of the subjects across tertiles of energy-adjusted dietary inflammatory index

Variables Tertiles of energy-adjusted dietary inflammatory index pP*
T1 <-1.46 (n=71) T2-1.45, -0.34 (n=71) T3 >-0.33 (n=71)

Age (y) 35.44+10.47 33.33£8.81 33.3749.53 0.333
Sex (%) 23.9 214 38.6 0.051
Height (cm) 162.70+28.41 165.37+7.73 70.65+£13.17 0.163
Weight (kg) 73.05£13.13 70.34+12.72 70.65+£13.17 0.402
BMI 26.03£3.96 25.72+4.4 24.81£3.60 0.173
Frequency of using Toothbrush per day 1.46+0.86 1.38+0.66 1.47+0.74 0.758
Frequency of using Dental floss per day 0.90+0.95 1.04+1.15 0.86+0.94 0.534
Frequency of using Mouthwash in the week 0.40+1.19 0.17+0.54 0.34+10.07 0.334
Smoking (%) 4.2 2.9 7.1 0.476
Education (%)

Diploma and lower 33.9 41.2 35.7 0.253

Associate Degree and bachelor’s degree 54.9 51.5 50

Master of Science or higher 11.3 7.4 143

Married (%) 80.3 74.3 72.9 0.48
Income (%)

Low 40.9 55.9 54.3 0.085

Middle 33.8 26.5 329

High 254 17.6 12.9
Frequency of using chewing gum in the week 50.7 52.9 48.6 0.879
*P was obtained from ANOVA. BMI: body mass index
International Journal of Preventive Medicine 2024, 15: 58 3
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Table 3: Dietary intakes of the subjects across tertiles of energy-adjusted dietary inflammatory index

Nutrient Tertiles of energy-adjusted dietary inflammatory index P*
T1 <-1.46 (n=71) T2-1.45, -0.34 (n=71) T3 >-0.33 (n=71)

Protein (g) 56.70+156.96 56.72+147.14 57.58+142.30 0.301
Carbohydrate (g) 153.87+489.07 153.95+494.16 156.29+491.95 0.981
Fat (g) 55.76+121.35 55.79+121.81 56.64+119.36 0.963
Cholesterol (mg) 375.17+£516.72 375.38+494.51 381.08+551.27 0.671
Saturated fatty acids (g) 23.70+38.35 23.71+40.87 24.07+45.36 0.216
Potassium (mg)* 2977.71+7797.38 2979.34+6917.86 3024.59+5476.66 <0.001
Vitamin A (RAE)(pg)'f 1137.81£1296.52 1138.45+1017.92 1155.73+£657.16 0.005
Vitamin C (mg)* 174.71+286.38 174.80+209.73 177.45+158.87 <0.001
Calcium (mg) 1529.34+2165.16 1530.18+2080.93 1553.41+1921.59 0.639
Vitamin E (mg) 12.85+19.43 12.86+17.66 13.05+16.08 0.310
Thiamin (mg) 1.28+£2.76 1.2842.86 1.30+2.83 0.889
Riboflavin (ng) 2.16+3.56 2.16+3.53 2.19+3.18 0.519
Niacin (mg) 19.71+41.82 19.74+38.52 20.03+37.86 0.445
VitaminB6 (mg)f 1.20£3.70 1.20+3.42 1.2243.03 0.005
Folate (total) (ng) 401.69+832 401.92+779.94 408.01+£752.55 0.497
Phosphorus (mg) 1144.60+£2677.32 1145.2242623 1162.60+2487.56 0.607
Magnesium (mg)* 177.50+687.58 177.60+632.64 180.30+529.76 <0.001
Zinc (mg)' 6.22422.67 6.234+21.19 6.32+18.89 0.002
Copper (mg)* 1.12+£2.71 1.12+£2.48 1.14+1.88 <0.001
Selenium (pg) 67.70+175.09 67.73+172.42 68.77+168.33 0.840
Fiber (total) (g)" 22.13+£57.28 22.144+49.47 22.474+36.63 <0.001

*All values were adjusted for total calorie intake. T3 was significantly different from T1 and T2. 'T1 was significantly different from T3.

TT1 was significantly different from T2 and T3

Table 4: Correlation coefficient between dietary
inflammatory index and dental health indices

Dental health index Correlation P
Coefficient™

Dental plaque control index (O’Leary) 0.046 0.518

Gingival index 0.001 0.998

DMFT -0.021 0.762

DMFT: Decayed, Missing, and Filled Teeth. *All values were
Pearson Correlation Coefficient except for gingival index analyzed
by Spearman Correlation Coefficient

DII and periodontitis may be linked, and patients with a
proinflammatory dietary pattern were more likely to present
worse periodontal measures. Some reasons may justify
observed differences between our study and previous
research: (1) There was a wide difference between dietary
items used to calculate DII between studies. In our study,
DII was calculated based on the 35 food items. In contrast,
another study used 26 dietary items. (2) In the present
study, we reported E-DII. In contrast, in other studies, DII
was not adjusted for dietary energy intake.

Some reasons may justify the null relationship between
E-DII and periodontal disease observed in the present
study. According to the findings of the dietary assessment,
participants of the present study did not consume a high
proinflammatory diet. As reported in the results, the score
of E-DII among subjects in the last tertile of the E-DII was
> -0.33. It should be kept in mind that a negative score

4

of E-DII represents an anti-inflammatory dietary pattern. It
showed that at least some participants in the highest tertile
of E-DII had anti-inflammatory dietary intakes. Therefore,
the intake of proinflammatory components was not as high
as assumed.

Some limitations and strengths should be presented. The
present study had a cross-sectional design. Therefore, it
could not show a cause-and-effect relationship. Although
E-DII should be calculated by 45 dietary items, only 35
items were available for estimating E-DII in the present
study. Missing dietary parameters such as alcohol, flavones,
flavones, flavanones, and anthocyanins may have a strong
effect on periodontal disease. Also, we did not assess the
association between E-DII and biomarkers of inflammation.
Moreover, the number of individuals in the study is small.
Considering a larger sample size might lead to a significant
correlation between E-DII and dental-gingival parameters.
The most important strength of this study was that DII was
energy-adjusted. Most previous studies used unadjusted DII
in analysis. Fewer investigations have been performed on
the association between DII and periodontal disease.

Conclusions

Findings from the present cross-sectional study showed
that there was no significant relationship between DII and
plaque and gingival index. It should also be investigated in
prospective studies.

International Journal of Preventive Medicine 2024, 15: 58
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