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Abstract
The long-term inflammatory impact of diet could potentially elevate the risk of periodontal disease through modification of systemic inflam-
mation. The aim of the present study was to prospectively investigate the associations between a food-based, reduced rank regression (RRR)-
derived, empirical dietary inflammatory pattern (EDIP) and incidence of periodontitis. The study population was composed of 34 940 men from
the Health Professionals Follow-Up Study, who were free of periodontal disease and major illnesses at baseline (1986). Participants provided
medical and dental history through mailed questionnaires every 2 years and dietary data through validated semi-quantitative FFQ every 4 years.
We used Cox proportional hazardmodels to examine the associations between EDIP scores and validated self-reported incidence of periodontal
disease over a 24-year follow-up period. No overall association between EDIP and the risk of periodontitis was observed; the hazard ratio com-
paring the highest EDIP quintile (most proinflammatory diet) with the lowest quintile was 0·99 (95 % CI 0·89, 1·10, P-value for trend= 0·97). A
secondary analysis showed that among obese non-smokers (i.e. never and former smokers at baseline), the hazard ratio for periodontitis com-
paring the highest EDIP quintile with the lowest was 1·39 (95 % CI 0·98, 1·96, P-value for trend= 0·03). In conclusion, no overall association was
detected between EDIP and incidence of self-reported periodontitis in the study population. From the subgroups evaluated, EDIP was signifi-
cantly associatedwith increased risk of periodontitis only among non-smokerswhowere obese. Hence, this associationmust be interpretedwith
caution.
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Gingivitis and periodontitis are among the most common inflam-
matory conditions in human adults(1). The inflammatory process
in gingivitis is restricted to the superficial periodontal tissue and
does not lead to periodontal attachment loss, making gingivitis
lesions reversible in nature once the cause(s) is/are removed.
Periodontitis, on the other hand, is characterised bymore profound
inflammation that leads to breakdown of the tooth-supporting
apparatus and may lead to tooth loss eventually. The pathogenesis
of periodontal disease is not yet fully understood, but there is sub-
stantial evidence that most of the periodontal tissue destruction is

caused by the host immune response to the bacterial challenge of
periodontal pathogens(2). Pro-inflammatory mediators, such as
TNF-α, IL-1, IL-6, IL-8 and PGE2, are key players in this process(2).
Todate, only a fewof the establishedperiodontal diseasepredictors
can be modified through improvement of lifestyle factors.
Prevention of periodontal disease at the population level requires
better understanding of modifiable risk factors for periodontal
disease(3).

The relationship between periodontitis and systemic inflam-
mation is complex, and current evidence proposes that the
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relationship is bidirectional. In fact, systemic inflammation
seems to pathophysiologically elucidate several of the reported
associations between periodontal disease and multiple cardio-
metabolic conditions(3). Much of the published work in the last
three decades has focused on the potential effect of periodontitis
on elevated systemic inflammatory biomarkers(4–9). The reverse
was only reported in humans recently, that is, baseline systemic
inflammation measures were positively correlated with perio-
dontal disease progression(10). The impact of diet on modifying
the risk of periodontitis is strongly biologically plausible through
modulation of systemic inflammation(11). However, the literature
relating diet and periodontal disease in humans is relatively
scarce(3).

An empirical dietary inflammatory pattern (EDIP) was
recently developed by Tabung et al. using reduced rank regres-
sion (RRR)(12). Dietary pattern analyses are practical platforms to
study the overall impact of diet on disease outcomes beyond the
specific effects of certain foods or nutrients. Dietary patterns can
be generally classified into either a priori or a posteriori indices.
While a priori index is hypothesis-oriented and is based on the
current scientific evidence regarding the relationship between
diet and diseases (e.g. Alternate Healthy Eating Index), a poste-
riori method on the other hand is data-driven and is based on
statistical exploratory methods (e.g. principal component
analysis-driven dietary pattern). RRR is an innovative approach
in nutrition epidemiology in that it is a posteriori in nature, but it
incorporates prior knowledge about diseases and their path-
ways(13). When applied, information about food or nutrients
intake is used by RRR to maximally explain the variability in
response variables, which can be disease mediators (e.g. inflam-
matory biomarkers). An advantage of RRR over other methods of
dietary patterns is that it is based on biological principles and
mechanisms of disease development, which could bolster evi-
dence of causality between diet and an outcome of interest(14).

The aim of the current study was to test the hypothesis that
the inflammatory potential of diet could modify the risk of perio-
dontitis, by prospectively evaluating the association between
EDIP and incidence of periodontal disease in the Health
Professionals Follow-up Study (HPFS).

Methods

Study population

The HPFS is an ongoing cohort study that enrolled 51 529 male
health professionals (dentists, pharmacists, optometrists, osteo-
pathic physicians, podiatrists and veterinarians) who answered
and returned the baseline mailed questionnaire in 1986 when
theywere 40–75 years old. Study participants provided thorough
medical and dental history in addition to lifestyle behaviour and
body measurements (e.g. height and weight) through biennial
questionnaires. Data about participants’ diet were collected
through semi-quantitative FFQ every 4 years, starting at baseline.
The adequacy, reproducibility and validity of the FFQ in assess-
ing diet have been previously reported(14,15).

We excluded participants who only responded to the base-
line questionnaire (n 3309) and those who had missing perio-
dontal data (n 1117). Participants who reported periodontitis

at baseline (n 8333) and those who were edentulous (n 485)
were excluded because they were not at risk for incident perio-
dontal disease. In addition, we excluded participants who
reported myocardial infarction (n 1486), coronary artery surgery
(n 671), diabetes (n 809) or cancer (n 1317) at baseline because
those events could strongly modify dietary habits. We also
excluded participants withmissing data on BMI (n 902), physical
activity (n 128) or age (n 36) at baseline. Participants with ener-
getic intake outside the plausible range (3347–17 573 kJ/d (800–
4200 kcal/d)) and those who left 70 or more out of the 131 FFQ
items blankwere also excluded (n 1033). Our analysis consists of
34 940 men at baseline. The study was approved by the institu-
tional review boards of the Brigham and Women’s Hospital and
the Harvard T.H. Chan School of Public Health.

Outcome assessment

The endpoint in our study was self-reported incidence of perio-
dontal disease, defined as answering ‘yes’ to the question ‘have
you been professionally diagnosed with periodontal disease
with bone loss?’, which was asked biennially in the mailed ques-
tionnaire. The self-reported data for assessing periodontal dis-
ease were shown to be valid in a subsample of the HPFS
when compared with bitewing radiographs(16,17). There were
no secondary endpoints in our study.

Main exposures assessment

The main exposure in the current study is RRR-derived EDIP,
which was developed in the Nurses’ Health Study and was vali-
dated in the Nurses’ Health Study II and the HPFS(12). In sum-
mary, the index was derived in a subsample of Nurses’ Health
Study (n 5239) for whom dietary data and plasma concentrations
of IL-6, C-reactive protein, TNF-α receptor 2 were available.
Blood was collected in 1989 and 1990. Diet was measured by
averaging the two FFQ that were close to the blood collection,
that is, 1986 and 1990 cycles. The 131 FFQ items were grouped
into thirty-nine pre-defined food groups based on nutrient com-
position and on culinary use. Those groupswere used in the RRR
to explain as much variability in IL-6, C-reactive protein and
TNF-α receptor 2 as possible. The first factor explained most of
the variation, and it was retained. Then, stepwise linear regression
models were fitted to identify food groups most predictive of that
factor. The analysis resulted in eighteen food groups and bever-
ages. EDIP scores are a weighted average of those food groups.
Negative scores indicated anti-inflammatory diets, while positive
scores indicated proinflammatory diets. Fish (other than dark-
meat fish), tomatoes, processed meats, high-energy beverages,
other vegetables (i.e. vegetables other than leafy green vegetables
and dark yellow vegetables), red meats, low-energy beverages,
refined grains and organ meats were associated with higher con-
centrations of the inflammatory biomarkers, whereas pizza, wine,
leafy green vegetables, dark yellow vegetables (comprising car-
rots, yellow squash and yams), beer, coffee, fruit juice, snacks
and tea were inversely associated with the biomarkers. The con-
struct validity of EDIP was evaluated in independent subsamples
from Nurses’ Health Study II and HPFS(12), and in other
cohorts(18,19). For our analysis, we calculated EDIP scores for each
FFQ cycle (i.e. every 4 years) until the start of each 2-year
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follow-up interval. The cumulative average of the EDIP scoreswas
calculated, to better represent the long-term dietary intake and to
minimise within-person variability and measurement error. EDIP
scores were divided into quintiles.

Covariates assessment

We controlled for confounding by adjusting the analysis for
important risk factors of periodontal disease, that may also
modify the exposure, that is, age, smoking, BMI, physical activity
and alcohol consumption(3,20–25). We controlled for smoking by
using the Comprehensive Smoking Index, which is an algorithm
that takes into account the updated information on each ques-
tionnaire cycle regarding: duration of smoking in years, smoking
intensity (calculated as number of cigarettes smoked per d), time
since smoking cessation in years and a specific biological half-
life of smoking effect on the disease, estimated to be 1·5 years
for periodontal disease(26,27). BMI was updated biennially, and
values were categorised as follows (<18·5, 18·5–24·9, 25–29·9
and≥30 kg/m2). We used updated BMI, as a positive association
between updated BMI and periodontal disease was reported
previously in this cohort(25). Self-reported physical activity data
were quantified using the metabolic equivalent of task to calcu-
late metabolic equivalent of task hours on each cycle. Metabolic
equivalent of task-h for each participant was added, and data
were categorised into quintiles. We controlled for physical activ-
ity using the updated measures for each follow-up. We used the
cumulative average of alcohol intake estimated from the FFQ
and classified the data into: 0, 0·1–4·9, 5–14·9, 15–29 and ≥30
g/d. Cumulative average energetic intake was estimated from
the FFQ, and EDIP scores were adjusted for total energy intake
using the residual method. Information about self-reported diag-
nosis of diabetes during the follow-upwas updated at each ques-
tionnaire cycle. Self-reported diabetes in this cohort showed
good validity(28).

Statistical analysis

Baseline descriptive statistics for the study cohort by quintiles of
EDIP were calculated, using means for continuous data and per-
centages for categorical data. The hazard ratio of periodontal dis-
ease was calculated by comparing each of the higher quintiles of
EDIP to the lowest, by fitting Cox proportional hazard models
with age in months as the underlying timescale. Person-time
was calculated from the return of the baseline questionnaire until
incidence of periodontal disease, mortality, last available
response or end of follow-up (which was 31 January 2010),
whichever came first. The models were adjusted for the con-
founding variables. We conducted the test for linear trend by
assigning each individual the median value of their EDIP quin-
tile. All missing exposure or covariate data during follow-up
were handled by carrying forward values from the last cycle.

We compared the results with and without including BMI in
themodels, to evaluate any potential mediation by adiposity.We
also stratified the models by updated BMI categories (18·5–29·9
and ≥30 kg/m2). Underweight men (BMI< 18·5 kg/m2) were
excluded from the stratified analysis as they only contributed
<0·5 % of the total person-time. To investigate the association
within other covariates besides BMI, we also stratified the

analysis by occupation (dentist v. non-dentist), age (≥65 v.
<65 years), physical activity (above the median v. below), smok-
ing at baseline (never, former, current), alcohol consumption
(0, 0·1–4·9 and ≥5 g/d) and diabetes over the follow-up. The
stratified analysismodels were fully adjusted except for the strati-
fication variable. To test for the statistical significance of inter-
actions, we created indicator variables for the following: being
a dentist, updated obesity status (BMI≥ 30 kg/m2), updated
binary physical activity level, updated binary age and updated
diabetes. We fitted adjusted models that included interaction
terms between the dietary patterns (using the median values
of quintiles) and the indicator variables for stratifying factors.
For smoking, we used continuous Comprehensive Smoking
Index value, instead of an indicator variable. We did the same
for alcohol consumption, where we used the continuous intake
of alcohol (g/d), instead of an indicator variable. The P–value for
each interactionwas calculated using aWald test (one df test). All
the analysis was performed using SAS for UNIX statistical soft-
ware (version 9.4; SAS Institute).

Results

The number of reported new cases of periodontitis was 3738
over the 24 years of the study follow-up (747 517 person-years).
Table 1 shows the distribution of age-adjusted baseline charac-
teristics by quintiles of EDIP. Participants with higher scores of
EDIP tended to be less physically active, were more likely to
be never smokers and consumed less alcohol than those with
lower scores of EDIP. Number of teeth was similar across
EDIP quintiles. The mean intake of proinflammatory food
groups increased with higher EDIP, while the mean intake of
anti-inflammatory food groups decreased.

EDIP scores showed no overall association with the risk of
periodontal disease in our analysis; the hazard ratio (HR) in
the highest quintile of EDIP was 1·01 compared with the lowest
quintile (95 % CI 0·90, 1·12, P-value for trend= 0·80) (Table 2).
Adjusting for BMI in the models did not significantly change the
association (HR 0·99, 95 % CI 0·89, 1·10, P-value for trend
= 0·97). The results were similar among subgroups defined by
age, physical activity level, diabetes and profession (Table 3).
We detected a marginally significant effect modification by
obesity (defined as BMI≥ 30 kg/m2 v. non-obese) (P-value for
interaction= 0·06) (Table 3). There was a modest elevated risk
of periodontal disease for obese individuals comparing the high-
est quintile of EDIP with the lowest quintile (HR 1·27, 95 % CI
0·94, 1·73, P-value for trend= 0·07). We performed a secondary
analysis evaluating the association among non-smokers by
excluding current smokers at baseline. Participants who
reported being ‘current smokers’ at baseline on average contrib-
uted more than 50 % of their person-time being current smokers
during the follow-up, while thosewho reported being ‘former’ or
‘never’ smokers only contributed <2 % of the person-time being
current smokers. Also, there is evidence that the periodontal
status and response to treatment for former smoker are closer
to never smokers than to current smokers and seem to get
similar to never smokers several years after quitting(29).
Smoking is a very strong risk factor of periodontitis in this cohort
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(online Supplementary Table S1). After exclusion of current
smokers at baseline, the number of new cases of periodontitis
was 3199, over 655 151 person-years. We stratified this secon-
dary analysis among non-smokers by the other periodontitis risk
factors (Table 4). Obese men in the highest quintile of EDIP had

39 % more risk of periodontitis than those in the lowest quintile
of EDIP (HR 1·39, 95 % CI 0·98, 1·96, P-value for trend= 0·03)
(P-value for interaction by obesity= 0·07). The association
was similar among all the other risk factors subgroups. We also
examined the joint associations between EDIP and BMI on

Table 1. Age-standardised characteristics of the Health Professionals Follow-up Study (HPFS) study population in1986 (baseline) by quintile of the empirical
dietary inflammatory pattern (EDIP)*
(Mean values and standard deviations; numbers and percentages)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

Mean SD Mean SD Mean SD Mean SD Mean SD

n 7231 7049 6969 6844 6847
% 20·7 20·2 19·9 19·6 19·6
Age (years) 51·4 8·8 52·6 9·4 52·8 9·5 52·8 9·6 52·05 9·6
White (%) 97 97 96 94 93
BMI (kg/m2) 25·2 3·1 25·3 3·1 25·3 3·1 25·5 3·3 26·1 3·8
Smoking (%)
Former 48 43 39 35 33
Current 11 8 8 7 9

Alcohol (g/d) 21·5 20·6 11·9 13·4 8·7 11·8 6·9 10·3 6·0 10·0
Total activity (MET/week) 24·1 29·7 22·7 30·9 21·5 30·8 20·6 30·3 19·3 28·9
Dentist (%) 56 58 58 58 55
Number of teeth
25–32 88 89 89 88 87
17–24 9 9 9 9 10
11–16 1 1 1 1 2
1–10 1 1 1 1 1

Intake of EDIP foods groups (servings/d)
Pro-inflammatory
Fish (non-dark meat) 0·29 0·22 0·30 0·23 0·30 0·24 0·32 0·25 0·36 0·37
Tomatoes 0·55 0·45 0·54 0·43 0·55 0·41 0·57 0·43 0·73 0·71
Processed meat 0·30 0·32 0·31 0·33 0·32 0·34 0·36 0·37 0·55 0·64
High-energy beverages 0·20 0·34 0·24 0·38 0·30 0·46 0·37 0·52 0·75 1·03
Other vegetables 0·82 0·67 0·78 0·60 0·78 0·60 0·79 0·63 0·95 0·85
Red meat 0·55 0·40 0·56 0·41 0·57 0·42 0·62 0·44 0·81 0·59
Low-energy beverages 0·33 0·63 0·37 0·69 0·40 0·70 0·49 0·85 0·89 1·54
Refined grains 0·96 0·79 1·02 0·85 1·09 0·94 1·22 1·01 1·80 1·52
Organ meats 0·02 0·03 0·02 0·03 0·02 0·04 0·02 0·04 0·02 0·04

Anti-inflammatory
Pizza 0·13 0·16 0·09 0·09 0·08 0·08 0·07 0·07 0·06 0·06
Wine 0·65 0·96 0·27 0·35 0·17 0·25 0·12 0·20 0·08 0·17
Leafy green vegetables 0·95 0·85 0·79 0·58 0·69 0·50 0·62 0·47 0·61 0·51
Dark yellow vegetables 0·39 0·51 0·33 0·34 0·31 0·30 0·29 0·28 0·28 0·29
Beer 0·67 1·13 0·30 0·53 0·20 0·38 0·15 0·30 0·11 0·26
Coffee 3·40 2·14 2·36 1·76 1·68 1·56 1·16 1·31 0·94 1·24
Fruit juice 0·93 1·15 0·85 0·84 0·77 0·74 0·71 0·68 0·67 0·70
Snacks 0·71 0·98 0·58 0·73 0·53 0·63 0·49 0·58 0·53 0·63
Tea 0·48 0·99 0·45 0·89 0·44 0·84 0·41 0·79 0·39 0·79

MET, metabolic equivalent of task.
* Values are standardised to the age distribution of the study population.

Table 2. Relating quintiles of empirical dietary inflammatory pattern (EDIP) scores and incidence of periodontitis
(Hazard ratios (HR) and 95 % confidence intervals)

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

PtrendHR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Cases 767 726 746 743 756
Person-years 142 239 141 736 141 281 141 006 140 909
Model 1* 1 0·94 0·85, 1·04 0·96 0·87, 1·06 0·95 0·86, 1·05 0·96 0·87, 1·07 0·53
Model 2† 1 0·96 0·87, 1·07 1·00 0·90, 1·11 0·99 0·89, 1·10 1·01 0·90, 1·12 0·80
Model 3‡ 1 0·96 0·87, 1·07 0·99 0·89, 1·10 0·99 0·89, 1·10 0·99 0·89, 1·10 0·97

* Model 1: age adjusted.
†Model 2: adjusted for age, smoking (Comprehensive Smoking Index), physical activity (metabolic equivalent of task (MET) quintiles), alcohol (g/d: 0, 0.1–4.9, 5–14.9, 15–29, 30þ),
occupation (dentist v. non-dentist) and race (White/Black/Asian/Other).

‡Model 3: model 2 and adjusted for BMI (<18.5, 18.5–24.9, 25–29.9, 30þ kg/m2).
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Table 3. Multi-variate association between quintiles of empirical dietary inflammatory pattern (EDIP) and periodontal disease within subgroups*
(Hazard ratios (HR) and 95 % confidence intervals)

Subgroup Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Ptrend† Pinteraction‡

BMI (kg/m2)
18·5–29·9 Cases 698 647 661 631 608 0·55 0·06 (obese v. non-obese)

Person-years 128,989 127,565 126,388 123,562 117,264
HR and 95% CI 1 0·95 0·85, 1·06 0·98 0·88, 1·10 0·96 0·85, 1·07 0·96 0·86, 1·08

≥30 Cases 69 78 82 108 146 0·07
Person-years 12,852 13,699 14,301 16,900 23,067
HR and 95% CI 1 1·07 0·77, 1·50 1·08 0·78, 1·51 1·26 0·92, 1·73 1·27 0·94, 1·73

Age (years)
<65 Cases 495 415 416 402 472 0·88 0·63

Person-years 93,984 85,026 82,418 84,099 93,006
HR and 95% CI 1 0·97 0·84, 1·10 1·00 0·88, 1·15 0·95 0·83, 1·09 0·99 0·87, 1·14

≥65 Cases 272 311 330 341 284 0·87
Person-years 48,255 56,710 58,863 56,907 47,903
HR and 95% CI 1 0·97 0·82, 1·14 0·99 0·84, 1·17 1·04 0·88, 1·23 0·98 0·82, 1·18

Physical activity
<Median Cases 373 353 388 403 448 0·66 0·37

Person-years 62,871 65,369 69,152 71,493 75,309
HR and 95% CI 1 0·94 0·81, 1·09 0·99 0·86, 1·15 0·99 0·85, 1·15 1·02 0·88, 1·18

≥Median Cases 394 373 358 340 308 0·58
Person-years 79,367 76,368 72,129 69,513 65,600
HR and 95% CI 1 0·98 0·85, 1·14 1·00 0·86, 1·16 0·98 0·84, 1·15 0·95 0·81, 1·12

Diabetes (follow-up)
No Cases 749 692 715 706 716 0·97 0·32

Person-years 139,112 137,298 135,818 134,835 133,304
HR and 95% CI 1 0·95 0·85, 1·05 0·99 0·89, 1·10 0·98 0·88, 1·09 0·99 0·89, 1·11

Yes Cases 18 34 31 37 40 0·72
Person-years 31,27 4438 5463 6171 7605
HR and 95% CI 1 1·62 0·89, 2·95 1·12 0·60, 2·10 1·41 0·76, 2·61 1·05 0·57, 1·94

Dentist
No Cases 324 310 304 306 324 0·94 0·34

Person-years 61,127 59,240 58,550 59,749 64,893
HR and 95% CI 1 1·03 0·88, 1·21 1·05 0·89, 1·23 1·03 0·88, 1·22 1·00 0·85, 1·19

Yes Cases 443 416 442 437 432 0·95
Person-years 81,112 82,496 82,730 81,257 76,016
HR and 95% CI 1 0·92 0·81, 1·06 0·96 0·84, 1·11 0·96 0·83, 1·10 0·98 0·85, 1·14

Smoking at baseline
Current Cases 146 105 98 86 104 0·06 0·11

Person-years 12,493 10,006 9193 9572 10,757
HR and 95% CI 1 0·90 0·69, 1·16 0·90 0·69, 1·18 0·74 0·56, 0·98 0·82 0·63, 1·06
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periodontitis, overall and among non-smokers (Figs. 1 and 2).
Obese individuals with the highest EDIP scores had significantly
higher risk of periodontal disease.

Results among obese non-smokers remained similar
through multiple sensitivity analyses (online Supplementary
Table S2). First, we re-did the BMI-stratified analysis adjusting
for continuous BMI (model B), and the results remained similar
(HR 1·39, 95 % CI 0·99, 1·97, P-value for trend = 0·03). Then, we
evaluated if diabetes could mediate the relationship between
inflammatory diet and periodontitis incidence. The relationship
between diabetes and periodontal disease is complex and often
described as ‘bidirectional’(30,31). In addition, proinflammatory
diet is reported to be associated with increased risk of diabe-
tes(32); hence, diabetes could be a mediator. We re-did the
analysis adjusting for incident diabetes during follow-up
(model C), and the association was slightly attenuated (HR
1·35, 95 % CI 0·96, 1·91, P-value for trend = 0·05). In addition,
we conducted a separate analysis where we censored individ-
uals when they reported diabetes diagnosis during follow-up
(model D), and the results remained significant (HR 1·38,
95 % CI 0·96, 1·99, P-value for trend = 0·03). We also did the
analysis excluding those who had less than seventeen teeth
at baseline (model E), and the association was similar (HR
1·41, 95 % CI 0·99, 2·01, P-value for trend = 0·03). In addition,
we evaluated potential confounding by nutritional supple-
ments, including multi-vitamins, vitamin D, fish oil, cod liver
and dehydroepiandrosterone (model F), and the results were
similar. We also adjusted for medications that could downgrade
systemic inflammation, including aspirin, acetaminophen, non-
steroidal anti-inflammatory drugs and lipid lowering drugs(33),
and the results remained similar. Furthermore, we included
medications and nutritional supplements in the models (model
H), and that did not significantly change the results. Also, we
conducted the analysis excluding participants who reported
signs of cognitive impairment during follow-up (model I)(34).
Cognitive impairment was defined by answering ‘yes’ to any
of the following questions: ‘do you have trouble remembering
things from one second to the next?’, ‘do you have any difficulty
in understanding or following spoken instructions?’, ‘do you
have more trouble than usual following a group conversation
or a plot in a TV programme due to your memory?’ or ‘do
you have trouble finding you way around familiar streets?’.
The association remained similar (HR 1·42, 95 % CI 0·97,
2·07, P-value for trend <0·05). We also did the analysis
excluding those with BMI ≥ 35 kg/m2 (model J), and that
attenuated the results (HR 1·28, 95 % CI 0·88, 1·86, P-value
for trend = 0·11). We also evaluated the association after
censoring individuals who had major health condition, MI,
stroke, cancer or coronary artery surgery during the follow-
up, as those events may independently modify the exposure
and/or the risk of the outcome (model K), and the results were
attenuated (HR 1·33, 95 % CI 0·93, 1·91, P-value for trend
= 0·10). We evaluated the association among former smokers
at baseline only (model L, HR 1·51, 95 % CI 0·95, 2·39, P-value
for trend = 0·05), and among never smokers at baseline only
(model M, HR 1·26, 95 % CI 0·73, 2·19, P-value for trend = 0·31),
and the association was attenuated but remained in the same
direction.T

ab
le

3.
(C
on

ti
nu

ed
)

S
ub

gr
ou

p
Q
ui
nt
ile

1
Q
ui
nt
ile

2
Q
ui
nt
ile

3
Q
ui
nt
ile

4
Q
ui
nt
ile

5
P
tr
e
n
d
†

P
in
te
ra
ct
io
n
‡

F
or
m
er

C
as

es
34

0
33

5
29

9
29

5
26

9
0·
07

P
er
so

n-
ye

ar
s

66
,6
93

57
,9
29

52
,2
74

46
,3
56

42
,7
30

H
R

an
d
95

%
C
I

1
1·
12

0·
96

,1
·3
0

1·
09

0·
93

,
1·
28

1·
17

0·
99

,
1·
38

1·
15

0·
97

,
1·
37

N
ev

er
C
as

es
28

1
28

6
34

9
36

2
38

3
0·
99

P
er
so

n-
ye

ar
s

63
,0
53

73
,8
01

79
,8
15

85
,0
78

87
,4
22

H
R

an
d
95

%
C
I

1
0·
85

0·
72

,1
·0
1

0·
95

0·
81

,
1·
12

0·
94

0·
79

,
1·
11

0·
96

0·
81

,
1·
13

A
lc
oh

ol
co

ns
um

pt
io
n

0
g/
d

C
as

es
38

68
10

3
16

4
21

8
0·
30

0·
35

P
er
so

n-
ye

ar
s

84
54

15
,9
52

23
,9
56

34
,6
08

46
,5
54

H
R

an
d
95

%
C
I

1
0·
98

0·
66

,1
·4
7

0·
98

0·
67

,
1·
44

1·
08

0·
76

,
1·
55

1·
10

0·
78

,
1·
57

0·
1,

4·
9
g/
d

C
as

es
13

3
16

5
24

5
26

9
27

2
0·
31

P
er
so

n-
ye

ar
s

18
,4
59

34
,6
39

44
,9
34

48
,6
83

48
,7
70

H
R

an
d
95

%
C
I

1
0·
68

0 ·
54

,0
·8
5

0·
80

0·
65

,
0·
99

0·
81

0·
65

,
0·
99

0·
78

0·
63

,
0·
96

≥
5
g/
d

C
as

es
59

6
49

3
39

8
31

0
26

6
0·
90

P
er
so

n-
ye

ar
s

11
5,
32

5
91

,1
45

72
,3
90

57
,7
15

45
,5
85

H
R

an
d
95

%
C
I

1
1·
05

0·
93

,1
·1
8

1·
04

0·
91

,
1·
18

0·
97

0·
84

,
1·
11

1·
01

0·
87

,
1·
17

*
M
od

el
s
ad

ju
st
ed

fo
ra

ge
,s
m
ok

in
g
(C

om
pr
eh

en
si
ve

S
m
ok

in
g
In
de

x)
,p

hy
si
ca

la
ct
iv
ity

(m
et
ab

ol
ic
eq

ui
va

le
nt

of
ta
sk

(M
E
T
)q

ui
nt
ile
s)
,a

lc
oh

ol
(g
/d
:0

,0
.1
–
4.
9,

5–
14

.9
,1

5–
29

,3
0þ

),
oc

cu
pa

tio
n
(d
en

tis
tv
.n

on
-d
en

tis
t)
,r
ac

e
(W

hi
te
/B
la
ck
/A
si
an

/
O
th
er
)
an

d
B
M
I(
<
18

.5
,1

8.
5–

24
.9
,2

5–
29

.9
,3

0þ
kg

/m
2 )
,e

xc
ep

tf
or

th
e
st
ra
tif
ie
d
va

ria
bl
e.

†
P
-v
al
ue

w
he

n
ea

ch
qu

in
til
e
w
as

as
si
gn

ed
th
e
m
ed

ia
n
va

lu
e
an

d
tr
ea

te
d
as

a
co

nt
in
uo

us
va

ria
bl
e.

‡
P
-v
al
ue

fo
r
th
e
in
te
ra
ct
io
n
te
rm

be
tw
ee

n
an

in
di
ca

to
r
va

ria
bl
e
fo
r
th
e
st
ra
tif
yi
ng

te
rm

an
d
th
e
co

nt
in
uo

us
va

ria
bl
e
fo
r
di
et
ar
y
pa

tte
rn

(t
ha

tw
as

us
ed

fo
r
te
st

of
tr
en

d)
.

Inflammatory dietary pattern and periodontitis 1703

https://doi.org/10.1017/S0007114520005231  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520005231
https://doi.org/10.1017/S0007114520005231


Table 4. Multi-variate association among non-smokers (excluding current smokers at baseline) between quintiles of empirical dietary inflammatory pattern (EDIP) and periodontal disease within subgroups*
(Hazard ratios (HR) and 95 % confidence intervals)

Subgroup Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Ptrend† Pinteraction‡

BMI (kg/m2)
18·5–29·9 Cases/person-years 568/117,918 552/118,667 582/118,546 555/115,463 524/108,331 0·83 0·07 (obese v. non-obese)

HR and 95% CI 1 0·96 0·85, 1·08 1·01 0·89, 1·14 0·99 0·87, 1·12 1·01 0·88, 1·14
≥30 Cases/person-years 53/11,465 68/12,625 64/12,993 98/15,517 127/21,343 0·03

HR and 95% CI 1 1·19 0·82, 1·72 1·07 0·73, 1·57 1·45 1·02, 2·07 1·39 0·98, 1·96
Age (years)
<65 Cases/person-years 380/84,956 338/78,426 354/76,571 346/77,922 397/85,600 0·41 0·55

HR and 95% CI 1 0·99 0·85, 1·14 1·06 0·91, 1·23 1·02 0·87, 1·19 1·06 0·91, 1·24
≥65 Cases/person-years 241/44790 283/53304 294/55518 311/53512 255/44552 0·80

HR and 95% CI 1 0·98 0·82, 1·16 0·97 0·81, 1·16 1·05 0·87, 1·25 1·00 0·83, 1·20
Physical activity
<Median Cases/person-years 283/55,618 290/59,700 327/63,734 354/65,808 386/68,594 0·11 0·15

HR and 95% CI 1 0·97 0·82, 1·15 1·03 0·87, 1·21 1·07 0·91, 1·27 1·11 0·94, 1·31
≥Median Cases/person-years 338/74,129 331/72,031 321/68,354 303/65,626 266/61,559 0·57

HR and 95% CI 1 0·99 0·85, 1·16 1·00 0·85, 1·17 0·99 0·84, 1·17 0·94 0·79, 1·12
Diabetes
No Cases/person-years 608/127,003 589/127,693 622/127,195 627/125,801 616/123,172 0·38 0·68

HR and 95% CI 1 0·96 0·85, 1·08 1·01 0·90, 1·13 1·03 0·91, 1·15 1·03 0·92, 1·17
Yes Cases/person-years 13/2743 32/4037 26/4893 30/5633 36/6980 0·56

HR and 95% CI 1 1·72 0·87, 3·38 1·04 0·50, 2·13 1·25 0·61, 2·55 1·07 0·53, 2·14
Dentist
No Cases/person-years 266/55,442 264/54,662 264/54,521 270/55,741 283/59,986 0·60 0·25

HR and 95% CI 1 1·03 0·86, 1·22 1·05 0·88, 1·26 1·05 0·88, 1·26 1·04 0·87, 1·25
Yes Cases/person-years 355/74,304 357/77,068 384/77,567 387/75,692 369/70,166 0·52

HR and 95% CI 1 0·96 0·83, 1·11 0·99 0·85, 1·16 1·02 0·88, 1·19 1·03 0·88, 1·21
Dentist
0 g/d Cases/person-years 33/7615 61/14,996 97/22,875 154/33,291 196/44,585 0·48 0·26

HR and 95% CI 1 0·93 0·60, 1·42 0·96 0·64, 1·43 1·05 0·72, 1·54 1·04 0·71, 1·51
0·1–4·9 g/d Cases/person-years 103/16,784 140/32,380 218/42,734 247/46,156 239/45,662 0·98

HR and 95% CI 1 0·71 0·55, 0·91 0·84 0·66, 1·06 0·89 0·71, 1·13 0·85 0·68, 1·08
≥5 g/d Cases/person-years 485/10,5348 420/84,354 333/66,480 256/51,987 217/39,905 0·59

HR and 95% CI 1 1·07 0·94, 1·22 1·05 0·91, 1·21 0·99 0·85, 1·16 1·07 0·91, 1·26

* Models adjusted for age, smoking (Comprehensive Smoking Index), physical activity (metabolic equivalent of task (MET) quintiles), alcohol (g/d: 0, 0.1–4.9, 5–14.9, 15–29, 30þ), occupation (dentist v. non-dentist), race (White/Black/Asian/
Other) and BMI (<18.5, 18.5–24.9, 25–29.9, 30þ kg/m2), except for the stratified variable.

† P-value when each quintile was assigned the median value and treated as a continuous variable.
‡ P-value for the interaction term between an indicator variable for the stratifying term and the continuous variable for dietary pattern (that was used for test of trend).
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Discussion

We used EDIP as an RRR-derived dietary index in a large cohort
of men with 24 years of follow-up to examine the empirical
cumulative inflammatory impact of diet on incidence of perio-
dontal disease. The results showed no overall association
between EDIP scores and periodontitis. Subgroup analyses sug-
gested a small non-significant elevated risk of periodontitis
among obesemenwith higher EDIP scores.We performed a sec-
ondary analysis among non-smokers during the follow-up and
observed a statistically significant association between EDIP
and incidence of periodontitis among obese non-smokers.

EDIP scores were weighted averages of the pro- and anti-
inflammatory food groups that maximally explained the variabil-
ity in IL-6, C-reactive protein and TNF-α receptor 2 inflammatory
mediators. To our knowledge, this is the first study that primarily
investigated the association between the systemic inflammatory
impact of diet and incidence of periodontitis. Although a few
studies have prospectively investigated the relationship between
some of the food groups that composed of EDIP and periodon-
titis as an outcome(20,35–38), comparing our RRR pattern approach
with the ‘single food/nutrient’ approachmay not be appropriate,
due to the distinct methodological differences between the two
methods. For instance, alcohol is an anti-inflammatory compo-
nent of EDIP and hence could be viewed as being protective
against periodontal disease. However, consumption of alcohol
has been associated with increased risk of periodontitis, most
likely through other mechanisms other than systemic

inflammation(20,36), and we addressed this issue by controlling
for the cumulative alcohol intake in the adjusted models. A find-
ing that is more analogous to the current study is the positive
association we observed in another analysis between the princi-
pal component analysis-derived Western dietary pattern, which
was high in processed meat, red meat, butter, high-fat dairy
products, eggs and refined grains, and periodontal disease that
was limited to obese(39). Although the Western pattern was not
derived using inflammatory mediators, it has repeatedly been
associated with systemic inflammation(40–42); hence, we previ-
ously hypothesised that the apparent impact in obese could
be due to modification of systemic inflammation.

Our current results show no indication of an overall associa-
tion between EDIP and periodontitis, suggesting that the inflam-
matory aspects of diet may not have a significant impact on
periodontitis risk. Nevertheless, this null association between
EDIP and periodontitis in the current study could alternatively
be attributable to methodological factors. First, inherent to
dietary pattern analysis is the potential dilution of some compo-
nents’ effects, as foods and nutrients that compose the pattern do
have the biological potential to either embellish or abolish each
other’s impact(43). For example, Ng et al. recently reported that
higher consumption of coffee was associated with a lower risk
of periodontal bone loss over the follow-up period of their
study(35). The influence of coffee as an anti-inflammatory com-
ponent of EDIP could have been weakened by other compo-
nents of the index either through systemic inflammation or
through other mechanisms. Second, the incidence of periodon-
titis in our study was defined by answering ‘yes’ to the question
‘have you been professionally diagnosed with periodontal dis-
ease with bone loss?’ in the biennial questionnaire. Self-reported
periodontal disease was evaluated in a subsample of the HPFS
and showed appropriate validity. The positive predictive value
among the dentists in HPFSwas 0·76, and the negative predictive
value was 0·74. For non-dentists, the positive predictive value
was 0·83 and the negative predictive value was 0·69, making
the method a suitable proxy and a valid ‘endpoint’ in this
cohort(16,17). Clinically, periodontal tissue breakdown is assessed
based on a continuum of measures in addition tomany signs and
symptoms that determine periodontitis case diagnosis at an indi-
vidual-patient level; the extent, rate and risk of future disease are
evaluated to diagnose periodontitis stage and grade(44).
However, there is a lack of consensus of what determines a
periodontitis case at the population level(45,46). Although several
associations with periodontal disease have been documented in
this cohort(25,38,47,48), it is possible that the case ascertainment
method in the present study may not have been sensitive to
detect a potential impact of inflammatory diet on periodontal
tissue.

Our results suggest that BMI, mainly obesity, may act as an
effect modifier, rather than a mediator or a confounder. Obese
individuals in the highest quintile of EDIP had a higher risk of
periodontitis compared with the lowest quintile, but the associ-
ation was only statistically significant after exclusions of current
smokers at baseline. Smoking is themost important environmen-
tal risk factor of periodontitis(49), with the population attributable
risk of periodontitis due to smoking estimated to be up to and
even more than 50 %, depending on the periodontitis case

Fig. 1. Multi-variable hazard ratio (HR) for periodontal disease by joint classi-
fication of empirical dietary inflammatory pattern (EDIP) and BMI categories.

Fig. 2. Multi-variable hazard ratio (HR) for periodontal disease by joint classi-
fication of empirical dietary inflammatory pattern (EDIP) and BMI categories,
excluding current smokers at baseline. Adjusted for age, smoking
(Comprehensive Smoking Index), physical activity (metabolic equivalent of task
(MET) quintiles), alcohol (g/d: 0, 0·1–4·9, 5–14·9, 15–29, 30þ), occupation (den-
tist v. non-dentist) and race (White/Black/Asian/Other). *P-value < 0·05.
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definition and participants’ age(50–52), our secondary analysis
among non-smokers suggests that the prominent deleterious
effect of smoking on periodontal health could mask other risk
factors, and hence the observed relationship in our study in
obese individuals was definite only among non-smokers.
Recently, Jauhiainen et al. prospectively investigated the associ-
ation between diet quality, using the Baltic Sea Diet Score and
the Recommended Finnish Diet Score, and periodontal disease
over 11 years of follow-up(53). They found a stronger impact of
poor diet among the non-smokers.

The longitudinal prospective association between systemic
inflammation and periodontal disease progression has been
reported recently by Pink et al.(10). They found a positive asso-
ciation between baseline measures of fibrinogen and leucocytes
as markers of systemic inflammation and periodontal tissue loss
over the 11-year follow-up period of the study(10). As obesity is
associated with ‘metainflammation’, a state of low-grade chronic
systemic inflammation orchestrated by host cells in response to
excessive energy and nutrients intake(54), it is plausible that the
harmful inflammatory impact of diet on the periodontium is
mainly through exacerbation of this ‘baseline’metainflammation
state; hence, the observed association in our study was limited to
obese individuals and was not observed in other subgroups.
Another potential mechanism by which proinflammatory diet
may attribute to the pathogenesis of periodontal disease is medi-
ated by diabetes. An RRR-derived inflammatory dietary pattern
has been previously associated with increased risk of diabe-
tes(32). Also, the association between EDIP and periodontitis
among obese non-smokers was attenuated when we adjusted
for incidence diabetes in the model, which suggests that among
those who reported diabetes during follow-up, diabetes could
have acted as a mediator in the relationship between EDIP
and periodontitis. However, in a separate analysis where we
censored men if they reported diabetes diagnosis during
follow-up, the observed association between EDIP and perio-
dontitis remained significant, which insinuates that the relation-
ship could be related to other inflammatory mechanisms other
than diabetes. On the other hand, as obese are at higher risk
of diabetes(55), we cannot eliminate the possibility that undiag-
nosed pre-diabetes insulin resistance and glucose intolerance
may havemediated the association between EDIP and periodon-
titis in the obese–non-smokers subgroup. There is a strong evi-
dence that insulin resistance does exaggerate the adverse
metabolic effects of diet(56–59). In addition, pre-diabetes and insu-
lin resistance have been associated with increased periodontal
disease(30,60–63).

Our study has several strengths. The study population is a
large cohort of highly educated and motivated participants,
which minimises information bias. The prospective panel design
of the study with the long follow-up time, and updated mea-
sures, does support better understanding of temporality and
may aid in establishing causality. Our study however has several
limitations. First, the study is observational in nature; hence, con-
founding cannot be ruled out. Another limitation is the self-
reported data. However, the validity of self-administered FFQ
and the self-reported periodontal disease have been evaluated.
FFQ data showed reasonable correlations with diet records, and
self-reported periodontal disease had acceptable positive and

negative predictive values compared with intraoral radio-
graphs(14–17). It is expected however that some degree ofmisclas-
sification occurred, which we assumed would be non-
differential, and could have attenuated the results towards the
null(64). In addition, we used the cumulative average of EDIP
scores, which in addition to the energy adjustment, mitigate
the issue of measurement error. Furthermore, the study popula-
tion is composed of health professional men, mainly of
Caucasian descent; hence, the generalisability of the results
may be limited. However, the homogeneity of the cohort
improves the internal validity of the study as confounding by
socio-economic and educational factors was inherently mini-
mised. Furthermore, some EDIP components may appear con-
trary to the prevailing knowledge, for example, the positive
association of tomatoes and the inverse association of pizza with
concentrations of inflammatory markers. EDIP scores were
developed using an empirical approach in which the combina-
tion of foods that maximally predicted concentrations of inflam-
matory biomarkers (IL-6, C-reactive protein andTNF-α receptor 2)
were selected in an unbiased and unsupervised manner. Fresh
tomatoes have a low content of bioavailable lycopene which is
a major anti-inflammatory nutrient, whereas cooked tomato
paste (e.g. in pizza) contains 2–5 times higher concentrations
of bioavailable lycopene(65,66). Also, if fresh tomatoes are incor-
porated in salads that include sources of fats like olive oil or
avocado, this would make the lycopene more bioavailable.
However, a limitation of FFQ is that they do not generally assess
the way foods are prepared, combined or eaten. Also, not all
EDIP components are universally confirmed as pro- or anti-
inflammatory. For instance, tomatoes are positively associated
with inflammation in EDIP. Yet, studies have found either no
association(67,68) or inverse association between tomatoes
and inflammatory markers(69,70).

In conclusion, we observed no overall association between
EDIP scores and the risk of self-reported periodontal disease
assessed using questionnaires in this population over the study
period. However, only among obese non-smokers, those with
higher EDIP scores had a significantly higher risk of periodontal
disease compared with those with lower scores. Findings of the
current study suggest a potential role of diet in modifying the risk
of periodontitis, through systemic inflammation, in obese non-
smokers. Future research could focus on using clinical periodon-
tal measures (such as probing depth and periodontal attachment
loss) to explore if inflammatory dietary pattern could influence
the risk in other subgroups and to explore the specific compo-
nents of diets that are more germane to periodontal health.
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