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BSTRACT
ackground Periodontitis is a common, chronic inflamma-
ory disease. Although n-3 fatty acids have anti-inflam-
atory properties, it is unclear whether n-3 fatty acids

an treat or prevent periodontitis.
ethod We studied 9,182 adults aged 20 years and older
ho participated in the National Health and Nutrition
xamination Survey between 1999 and 2004. Periodon-

itis was assessed by dental exam and was defined as �4
m pocket depth and �3 mm attachment loss in any one

ooth. Intake of n-3 fatty acids was assessed by 24-hour
ietary recall. We used multivariable logistic regression
o estimate the associations between periodontitis and
ntakes of docosahexaenoic acid (DHA), eicosapentaenoic
cid (EPA), and linolenic acid (LNA).
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2010 by the American Dietetic Association
esults The weighted prevalence and 95% confidence in-
erval (CI) of periodontitis was 8.2% (95% CI 7.0 to 9.4).
ompared with the lowest tertiles, the adjusted odds
atios for periodontitis associated with the highest ter-
iles of dietary n-3 intake were 0.78 (95% CI 0.61 to 1.00;
�0.009) for DHA, 0.85 (95% CI 0.67 to 1.08; P�0.10) for
PA, and 0.86 (95% CI 0.60 to 1.23; P�0.28) for LNA. The
ssociations were little changed by multivariable adjust-
ent or exclusion of individuals reporting use of dietary

upplements containing DHA, EPA, or LNA.
onclusions In this nationally representative sample, higher
ietary intakes of DHA and, to a lesser degree, EPA, were
ssociated with lower prevalence of periodontitis. Interven-
ional studies are needed to confirm the potential protective
ffects of n-3 fatty acids on periodontitis.
Am Diet Assoc. 2010;110:1669-1675.

eriodontitis is a common, chronic inflammatory dis-
ease caused by the accumulation of bacterial matrix at
the gum line. It is characterized by gum tissue sepa-

ation from the tooth, which forms a periodontal pocket and
an lead to bone and tooth loss. Traditional therapies for
eriodontitis focus on targeting the bacterial infection,
hich may be the initiating event responsible for the ensu-

ng inflammation and tissue destruction. More recent ther-
peutic strategies have targeted the host response to the
acterial infection, which may play a more crucial role in
he pathogenesis of periodontitis and its associated systemic
ffects. In animal models, induced periodontitis induces
atty plaque buildup in blood vessels (1), which appears to
e due to host inflammatory responses to the bacteria,
ather than the bacteria (2).

Polyunsaturated fatty acids (PUFAs) are fatty acids
ith �1 carbon-carbon double bond, including n-3, n-6,
nd n-9 fatty acids. The n-3 fatty acids from marine
ources, such as eicosapentaenoic acid (EPA) and docosa-
exaenoic acid (DHA), and vegetable sources, such as

inolenic acid (LNA), which includes alpha-linolenic acid
ALA) and a related n-6 fatty acid, gamma-linolenic acid
GLA), have all been shown to have anti-inflammatory
roperties (3-5). Indeed, topical application of bioactive
roducts derived from n-3 fatty acids (including DHA and
PA) confer dramatic protection against inflammation-

nduced tissue and bone loss associated with periodontitis

n experimental models (6).
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In human beings, one trial randomized 30 subjects with
eriodontitis to receive 12 weeks systemic therapy of
PA, GLA, both EPA and GLA, or olive oil placebo (7).
he study showed a significant decrease in probing depth

n patients receiving GLA alone and a trend toward de-
reased probing depth in subjects receiving EPA alone.
owever, it is unknown if LNA or DHA intake is also

nversely associated with periodontitis in human beings.
oreover, there are no large population studies of peri-

dontitis and the PUFAs that are thought to have anti-
nflammatory properties, such as DHA, EPA and LNA.
his study aims to examine the association between these
-3 fatty acids and prevalence of periodontitis in a na-
ionally representative sample of adults.

ETHODS
tudy Sample
his cross-sectional study used data from 9,182 adults
ged 20 years and older who participated in the National
ealth and Nutrition Examination Survey (NHANES)
etween 1999 and 2004. The survey provides information
n the health and nutritional status of the US civilian,
oninstitutionalized population by using a complex,
tratified, multistage, probability-sampling design (8-10).
HANES includes both an initial in-home interview fol-

owed by an examination and personal interview at a
obile examination center for those who are eligible. A

otal of 31,126 individuals participated in the in-home
nterview. For this study, we excluded subjects younger
han age 20 years (n�15,794), lacking periodontal exams
r edentulous (n�4,118), lacking physical exams (n�
,119), having missing data from covariates of interest
n�426), not meeting minimal criteria for reliability of
he dietary recall (n�314), lacking interpretable peri-
dontal exams (n�98), or having incomplete periodontal
xams (n�75), leaving 9,182 for analysis.

eriodontitis
eriodontitis was assessed during the periodontal exam by
entists trained in the survey examination protocol (11-13).
riefly, periodontal examinations during NHANES 1999-
000 were conducted in the midbuccal and mesiobuccal
ites for each tooth in two randomly chosen quadrants, one
axillary and one mandibular, on the assumption that con-

itions in these two quadrants represent the mouth. Third
olars were excluded because of their frequent extraction

n young adulthood, so a maximum of 14 teeth and 28 sites
er individual were examined. For the NHANES 2001-2002
nd the NHANES 2003-2004, the periodontal examination
as conducted in three sites, midbuccal, mesiobuccal and
istobuccal for each tooth, although we only used the mid-
uccal and mesiobuccal sites to be consistent with the
999-2000 examination. Periodontal measurements were
ounded to the lowest whole millimeter and were made with
color-banded periodontal probe graduated at 2, 4, 6, 8, 10,
nd 12 mm. Detailed information on the NHANES dental
xaminations for the survey periods is available elsewhere
11-13).

Previous studies have used several combinations of clin-
cal attachment loss and pocket depth to establish periodon-

itis case definitions (14-20). We defined periodontitis as �4 l

670 November 2010 Volume 110 Number 11
m pocket depth and �3 mm attachment loss in any mid-
acial or mesial tooth, as in previous studies (14,16,20). For
onsistency across study cohorts, we used the two sites
easured in NHANES 1999-2000, NHANES 2001-2002,

nd NHANES 2003-2004 to define periodontitis. We also
alidated the diagnosis by examining levels of circulating
-reactive protein (CRP) according to periodontitis status
ince elevated levels of CRP are known to be associated with
eriodontitis (21,22).
In post hoc analyses, we evaluated prevalence of mod-

rate periodontitis, defined as 4 to 5 mm pocket depth and
to 4 mm attachment loss; and severe periodontitis,

efined as �5 mm pocket depth and �4 mm attachment
oss in any midfacial or mesial tooth.

ietary Fatty Acids
atty acid intake in grams per day was assessed by a 24-
our dietary recall. From 1999 to 2001, dietary intake data
ere collected using the NHANES computer-assisted di-
tary interview system (CADI). The CADI is a multiple-
ass recall method that provides instructions to interview-
rs for recording information about foods. Additional
nformation about the CADI system is provided in the
HANES 1999-2000 Dietary Interviewers Procedures
anual (8). From 2002-2004, data were collected using the
S Department of Agriculture’s dietary data collection in-

trument, the Automated Multiple Pass method (9,10),
hich was found to provide valid measures of group total
nergy and PUFA intake in 20 highly motivated premeno-
ausal women using doubly labeled water total energy ex-
enditure, the Block food-frequency questionnaire, the Na-
ional Cancer Institute’s Diet History Questionnaire, and
4-day dietary record (23). The variable for linolenic acid
18:3 octadecatrienoic acid, LNA) includes both ALA and
LA, which were not assessed separately in NHANES.

upplemental Fatty Acids
upplemental fatty acid intake was assessed by self-re-
orted dietary supplement use. The interviewer entered
he supplement’s name and manufacturer into a com-
uter database that contained information on individual
ngredients. Trained nutritionists at the National Center
or Health Statistics matched the product names to a
nown product when possible.

ther Covariates
e analyzed covariates that have been found to be re-

ated to periodontitis in previous studies, including age,
ace–ethnicity, socioeconomic status, physical activity,
moking status, diabetes mellitus, alcohol intake, body
ass index (BMI), and pregnancy status (14-16,19,24). In

econdary analyses, we included intake of various dietary
actors based on possible relations with the exposure and
utcome (17,25). We categorized age as 20 to 39, 40 to 59,
0 to 79 and �80 years. We assigned self-reported race-
thnicity as white, black, Mexican American, and other;
he latter included non-Mexican American Hispanic and
ultiracial individuals. Annual income was categorized

s �$20,000, $20,000 to $44,999, $45,000 to $74,999,
$75,000, and unreported. Education was assigned as
ess than high school, high school, or some college educa-
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ion. Country of birth was self-reported and grouped as
ithin the United States, Mexico, or other locations.
hysical activity was assessed by questions regarding
igorous activity (ie, jogging or sports that cause a sub-
tantial increase in heart rate and heavy perspiration)
nd moderate activity (ie, brisk walking or dancing that
ause a moderate increase in heart rate and perspiration)
or at least 10 minutes during the past 30 days; we
ivided physical activity into three categories: sedentary
no moderate or vigorous activity), moderate activity
lone, and vigorous activity. We categorized smoking as
ever, former, and current. Participants reported their
eneral health, which we collapsed into excellent/very
ood, good/fair, and poor. Diabetes was defined as a self-
eport of a diagnosis of diabetes by a doctor or use of
edication to lower blood sugar. We categorized alcohol

ntake into four groups: zero drinks/day, �0 to �2 drinks/
ay, 2 to 5 drinks/day, and �5 drinks/day. BMI was
alculated from measured height (in meters) and weight
in kilograms) and categorized as �25, 25 to 29.9, and
30. Pregnancy status was ascertained from self-report

r urine pregnancy tests. Dietary vitamin E (milligrams
er day), vitamin C (milligrams per day), monounsatu-
ated fatty acids (grams per day), saturated fat (grams
er day), carbohydrates (grams per day), and linoleic acid
grams per day) were assessed using the same 24-hour
ietary recall as described above. We dichotomized aspi-
in and/or non-steroidal anti-inflammatory drug (NSAID)
se as regular (“daily or nearly every day”), chronic use
“greater than 21 days”), or non-use.

TATISTICAL ANALYSES
e calculated normality tests on the outcome variables

nd found CRP to be right skewed. We transformed the
RP data by taking the natural logarithm. We calculated
escriptive statistics on the dietary intake of n-3 fatty
cids and other characteristics. We compared the distri-
utions of these characteristics between patients with
nd without periodontitis using �2 tests of independence.
e calculated unadjusted odds ratios (ORs) for the rela-

ion between tertiles of each dietary n-3 fatty acid intake
first tertile referent) and prevalence of periodontitis in
ontingency tables. For multivariable analyses, we used
wo sequential logistic regression models. The first model
djusted for total energy intake (kilocalories per 24
ours), age (years), and sex. The second multivariable
odel additionally adjusted for general health status,

ace, smoking, diabetes mellitus, origin of birth, income,
ducation, physical activity, pregnancy, BMI, alcohol in-
ake, and intake of the other n-3 fatty acids of interest.

Sampling weights were used to generate weighted ef-
ect estimates, including ORs and 95% confidence inter-
als (CIs). We used SAS (version 9.1, 2002, SAS Institute,
ary, NC) and SAS-callable SUDAAN (version 9.0, 2007,
AS Institute, Research Triangle Park, NC) to analyze
ietary recall data with appropriate 6-year weight as-
ignment from years 1999 to 2004 (8-10).
Given suggestions of an interaction between n-3 and

-6 fatty acid intakes on inflammatory conditions (25), we
ested for interaction with linoleic acid, a commonly con-
umed n-6 fatty acid. We also tested the number of teeth
ost and regular, chronic aspirin and/or NSAID use as

otential confounders. To adjust further for possible con- r

N

ounding, we constructed a dietary model in which lino-
eic acid (grams per day n-6 fatty acid), vitamin C (milli-
rams per day), and vitamin E (milligrams per day), and
otal intake of carbohydrate (grams per day), monounsat-
rated fats (grams per day) and saturated fats (grams per
ay) were forced into the model.
Due to the high correlations between EPA and DHA

ntake (26), one or the other was used in multivariable
odels; we also evaluated the association between com-

ined EPA/DHA and periodontitis. To evaluate dose–
esponse relationships, we introduced a centered qua-
ratic term and evaluated intake in finer categories
eyond tertiles chosen a priori. We also analyzed the
ssociation between tertiles (individually and first tertile
s second and third combined) dietary plus supplement
-3 fatty acid intake (for DHA, EPA, and LNA) and prev-
lence of periodontitis and performed an analysis re-
tricted to nonsupplement users. In post hoc analyses, we
valuated the association of DHA intake with periodon-
itis severity. To evaluate whether observed associations
f n-3 fatty acid intake and periodontitis had the expected
ystemic anti-inflammatory effects, we examined the as-
ociation of n-3 fatty acids and logCRP in a multivariable
inear model. Lastly, we evaluated the association be-
ween periodontitis severity and logCRP.

ESULTS
f the 9,182 adults studied, a total of 1,024 had periodon-

itis. The weighted prevalence was 8.2% (95% CI 7.0 to
.4). As Table 1 shows, periodontitis was most strongly
ssociated with age, male sex, non-white race, lower so-
ioeconomic status, smoking, and lower physical activity.
s hypothesized, there was a positive association be-

ween presence of periodontitis and CRP (adjusted differ-
nce in logCRP 0.17�0.05; P�0.002).
The median dietary PUFA intakes among the 9,182

ubjects were 1.274 g/day (interquartile range 0.77 to
.98) for linolenic acid, 0.003 g/day (interquartile range
.00 to 0.01) for EPA, and 0.020 g/day (interquartile
ange 0.00 to 0.06) for DHA. Spearman correlations be-
ween DHA and EPA, DHA and LNA and EPA and LNA
ere 0.86, 0.24, and 0.21, respectively (all P�0.001).
We found that higher dietary intake of DHA was asso-

iated with a lower odds of periodontitis (Table 2), with no
tatistical difference in effect between the second and
hird tertiles (P�0.39). Dietary EPA intake was more
odestly associated with lower prevalence of periodonti-

is. We did not observe a statistically significant associa-
ion between tertiles of LNA and periodontitis. For both
HA and EPA, there was little change in the ORs with
ultivariable adjustment. For LNA, a significant associ-

tion in initial models were chiefly attributable to con-
ounding by education, income, and race/ethnicity.

As the Figure shows, DHA and EPA were associated with
ower logCRP in multivariable linear models. These associ-
tions were not significant in tests of heterogeneity but
ere significant in tests of linear trend. LNA was not asso-

iated with CRP levels in initial or multivariable models.
Only 145 subjects reported taking any dietary supple-
ents containing DHA, EPA, ALA, or GLA.
The median dietary plus supplementary PUFA intakes

mong the 9,182 subjects were 1.276 g/day (interquartile

ange 0.77 to 1.99) for linolenic acid, 0.003 g/day (inter-

ovember 2010 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1671
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uartile range 0.00 to 0.02) for EPA, and 0.021 g/day
interquartile range 0.00 to 0.06) for DHA. Similar asso-
iations in the second and third tertiles of n-3 fatty acid
ntake and periodontitis were found when using dietary
lus supplemental DHA, EPA, or LNA (ALA plus GLA)
ntake or in analyses restricting to those who did not use

Table 1. Sample characteristics of US adul
from the National Health and Nutrition Exam

Characteristic

P

n

Age group (y)
20-39 276
40-59 435
60-79 276
�80 37
Sex
Male 620
Female 404
Race/ethnicity
Non-Hispanic white 295
Non-Hispanic black 291
Mexican American 333
Other 105
Annual income
�$20,000 404
$20,000-$34,999 347
$35,000-$74.999 135
�$75,000 94
Refused to disclose 44
Education
�High school 479
High school 225
Some college 320
Alcohol intake (drinks/d)
0 385
�0-�2 180
2-5 330
�5 129
Smoking status
Never 437
Former 266
Current 321
Body mass index
�25 270
25-29.9 379
�30 375
Activity level
None 580
Moderate 226
Vigorous 218
Health status
Excellent/very good 407
Good 348
Fair/poor 269
Diabetes
No 899
Yes 125
upplements (Table 2). Similar associations in the second t

672 November 2010 Volume 110 Number 11
nd third tertiles of combined EPA/DHA and periodonti-
is were found in multivariable models (median 0.74 [in-
erquartile range 0.59 to 0.93] and 0.78 [interquartile
ange 0.61 to 1.02], respectively). There were no signifi-
ant interactions between DHA, EPA, and LNA intake
nd linoleic acid (P�0.16, P�0.14, and P�0.32, respec-

h and without periodontitis, based on data
on Survey between 1999-2004 (n�9,182)

ontitis No Periodontitis

% n %

32 3,732 49
49 2,491 36
17 1,620 13
2 315 2

61 3,821 49
39 4,337 51

52 4,168 73
21 1,399 10
12 1,932 8
15 659 10

35 2,261 21
31 2,469 28
17 1,638 23
14 1,498 25
3 292 3

35 2,147 15
26 1,950 25
39 4,061 60

32 2,703 28
17 1,899 23
38 2,914 41
13 642 8

37 4,509 54
23 1,940 23
40 1,709 23

29 2,662 36
35 2,935 34
36 2,561 30

53 3,167 31
24 2,358 30
23 2,633 39

46 4,192 58
33 2,529 29
22 1,437 13

90 7,604 95
10 554 5
ts wit
inati

eriod
ively) with respect to prevalence of periodontitis.
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In additional sensitivity analyses, we found no signifi-
ant difference in the prevalence of periodontitis between
he second and third tertiles of DHA, EPA, or LNA intake
P�0.39, P�0.55, and P�0.11, respectively). When catego-
ized in quintiles, the inverse association of DHA and peri-
dontitis appeared to be similar across Quintiles 2 through
(data not shown). Tests of quadratic trend for DHA, EPA,
nd LNA intake and periodontitis were P�0.25, P�0.05,
nd P�0.17, respectively. Additional adjustment for addi-
ional dietary factors slightly strengthened the observed
ssociations (Table 2), chiefly due to partial negative con-
ounding by carbohydrate intake. Adjustment for the
umber of teeth lost, linoleic acid (n-6 fatty acid) or reg-
lar, chronic aspirin and/or NSAID use did not change
hese associations.

In post hoc analyses, multivariable associations be-
ween tertile of DHA intake and prevalence of severe
eriodontitis were not significant (P�0.33). Finally, in-
reasing periodontitis severity was associated with in-
reased logCRP (P�0.001): 0.17�0.06 for moderate peri-

Table 2. Tertiles of n-3 fatty acid intake and prevalence of periodo
Survey between 1999-2004 (n�9,182)

Variable 1

Docosahexaenoic acid itake (g/d) 0
Participants (n) 2,214
Cases (n) 287

Odds ratio
Partial adjustmentb 1.0
Multivariablec 1.0
Dietary modeld 1.0
Diet plus supplemente 1.0
No supplements 1.0
Eicosapentaenoic acid intake (g/d) 0
Participants (n) 3,378
Cases (n) 413

Odds ratio
Partial adjustmentb 1.0
Multivariablec 1.0
Dietary modeld 1.0
Diet plus supplemente 1.0
No supplements 1.0
Linolenic acid intake (g/d) �0.91
Participants (n) 3,123
Cases (n) 388

Odds ratio
Partial adjustmentb 1.0
Multivariablec 1.0
Dietary modeld 1.0
Diet plus supplement 1.0
No supplements 1.0

aDerived from tests of heterogeneity.
bPartial adjustment for age, sex, and total energy intake (kcal/d).
cMultivariable model: adjusted for age, sex, total energy intake (kcal/d), race/ethnicity, s
mellitus, body mass index, origin of birth, alcohol, and tertiles of other fatty acid intake
dAdjusted for all multivariable model covariates as well as dietary carbohydrates, satura
eAdjusted for all multivariable model covariates.
dontitis and 0.26�0.11 for severe periodontitis. p

N

ISCUSSION
ietary DHA was associated with a lower prevalence of
eriodontitis in this nationally representative cross-sec-
ional study of adults. This inverse association was not
trengthened with higher intake beyond the second ter-
ile nor with the addition of supplemental DHA, suggest-
ng a threshold effect similar to what has been found in
tudies of fish intake for sudden cardiac death (27), where
o further benefit is achieved beyond modest fish intake.
n addition, dietary EPA had a more modest inverse
ssociation with periodontitis, whereas dietary LNA was
ot associated with periodontitis.
Both n-3 and n-6 fatty acids have been found to have

nti-inflammatory effects through the production of nu-
lear transcription factors, enzymes, and cytokines in
uman cells (28). For example, Marion-Letellier and col-

eagues (28) found that DHA, EPA, GLA, and ALA in-
reased levels of peroxisome proliferator-activated recep-
or-gamma (PPAR-�) and reduced production of the

based on data from the National Health and Nutrition Examination

Tertile

3 P valuea

0-�0.04 �0.04
,391 3,577
332 405

eriodontitis (95% confidence interval)
.65 (0.52-0.82) 0.84 (0.66-1.06) 0.002
.70 (0.55-0.88) 0.78 (0.61-1.00) 0.009
.70 (0.56-0.88) 0.77 (0.61-0.98) 0.007
.69 (0.55-0.87) 0.80 (0.62-1.02) 0.009
.70 (0.55-0.88) 0.76 (0.60-0.97) 0.009
0-0.01 �0.01

,235 3,569
225 386

eriodontitis (95% confidence interval)
.74 (0.58-0.95) 0.88 (0.70-1.11) 0.06
.78 (0.61-1.00) 0.85 (0.67-1.08) 0.10
.77 (0.61-0.99) 0.84 (0.66-1.07) 0.08
.79 (0.64-0.99) 0.85 (0.66-1.10) 0.09
.79 (0.62-1.01) 0.84 (0.67-1.05) 0.09
.91-1.67 �1.67
,125 2,934
363 273

eriodontitis (95% confidence interval)
.91 (0.69-1.21) 0.68 (0.48-0.95) 0.04
.08 (0.81-1.44) 0.86 (0.60-1.23) 0.28
.06 (0.79-1.41) 0.79 (0.51-1.22) 0.27
.12 (0.85-1.47) 0.84 (0.59-1.21) 0.15
.12 (0.85-1.48) 0.87 (0.61-1.24) 0.19

, education, income, physical activity, pregnancy, self-reported health status, diabetes

s, monounsaturated fats, and linoleic acid (a common dietary n-6 fatty acid).
ntitis,

2

�
3

of p
0
0
0
0
0
�
2

of p
0
0
0
0
0
0
3

of p
0
1
1
1
1

moking
.
ted fat
ro-inflammatory cytokines interleukin-8 and interleu-
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in-6. The strongest anti-inflammatory effects tended to
oincide with longer, more desaturated n-3 and n-6 car-
on chains, effects that are consistent with our primary
nalysis. In addition, we found DHA and EPA to be
ssociated with lower CRP in linear secondary analyses.
Furthermore, n-3 fatty acids have been found in animal
odels of periodontitis to be substrates for neutrophil

roduction of resolvins and protectins, which appear cen-
ral to the resolution of inflammation (29,30). Other ani-
al studies have suggested n-3 fatty acids may have a

rotective effect on periodontitis by decreasing the host
nflammatory responses to common asaccharolytic micro-
ial pathogens, such as Porphyromonas gingivalis. This
ecreased inflammatory reaction may result in less tissue
reakdown, rendering these microbes unable to sustain
heir protein-derived energy source (6,31).

Our findings expand upon the one human study of
UFAs for the treatment of periodontitis (7) by providing

nformation on DHA intake in a large, generalizable sam-
le of adults. The trial showed a significant decrease in
robing depth (change in mean score �0.50) in patients
eceiving GLA alone and a trend toward decreased prob-
ng depth (change in mean score �0.41) in subjects re-
eiving EPA alone. This trend toward reduced periodon-
itis prevalence with EPA is again consistent with our
ndings. However, our results also suggest that DHA
doses recommended by the American Heart Association
f two servings per week of fatty fish such as salmon,
ackerel, herring, or albacore tuna would be sufficient)
ay be as or more potent in influencing periodontitis.
We did not observe a statistically significant decrease

n the prevalence of periodontitis with higher LNA (pri-
arily ALA with minimal GLA) intake. However, this

ack of association may be due to a relatively low median

igure. Multivariable linear association between tertile of polyunsatu-
ated fatty acid intake and log C-reactive protein (CRP) (n�9,183).
ultivariable model adjusted for age, sex, total energy intake (kcal/

ay), race/ethnicity, smoking, education, income, physical activity,
regnancy, self-reported health status, diabetes mellitus, body mass

ndex, location of birth, alcohol, and tertiles of other fatty acid intake.
�tertile. DHA�docosahexaenoic acid. EPA�eicosapentaenoic acid.
NA�linolenic acid (alpha-linolenic acid and gamma-linolenic acid).
ntake of LNA (1.27 g/day) compared to the GLA dose (3 c

674 November 2010 Volume 110 Number 11
/day) found to be protective for periodontitis in the pre-
iously mentioned trial (7).
Limitations of our study include the cross-sectional

esign, which permits the detection of associations but
ot a temporal relationship nor causation. It is also pos-
ible that tooth loss due to periodontitis could have af-
ected diets. However, we excluded edentulous subjects
nd found no change in associations when adjusting the
nalyses for tooth loss. Participants of the NHANES who
id not have a periodontal exam reported older age,
igher income, greater alcohol consumption, and less to-
acco use. Nonetheless, NHANES is likely the most rep-
esentative study of periodontitis currently conducted.
ndividuals’ dietary intakes vary from day to day, so a
4-hour dietary recall does not necessarily provide an
deal estimate of an individual’s long-term average or
usual” daily intake. However, dietary recalls tend to
rovide highly reliable estimates of recent intake, and the
ean of a group’s recent intake yields a reasonable esti-
ate of the mean of the group’s usual nutrient intake if

he dietary recalls are collected on all days of the week
nd seasons of the year, as is the case with NHANES. As
result, the mean nutrient intakes reported here for

roups (ie, tertiles) approximate their mean usual nutri-
nt intakes. Also, NHANES provides no quantitative as-
essment of sugar or other refined carbohydrates, which
ay bias our results toward the null given the negative

onfounding observed with total carbohydrate intake in
he model.

Lastly, ALA and GLA are combined into one variable,
inolenic acid, which could represent opposing effects on
hronic inflammation since ALA is an n-3 fatty acid,
hereas GLA is an n-6 fatty acid (25). However, the great
ajority of dietary LNA intake is from ALA (32,33).
oreover, as noted above, GLA has been found to have

nti-inflammatory effects in vitro (28) and a protective
ffect on periodontitis in one randomized controlled trial
7). Moreover, we found no effect modification or con-
ounding by a much more common dietary source of n-6,
inoleic acid.

Strengths of our study include the large and represen-
ative sample of civilian, noninstitutionalized US adults.
lso, detailed periodontal assessments were conducted
ith a number of quality control procedures, including

alibration of dentists before and triannually throughout
he survey and periodic replications of dental exams by
ental experts to monitor consistancy of examinations.
inally, detailed information on potentially confounding
ovariates was available in a systematic manner.

ONCLUSIONS
e found that n-3 fatty acid intake, particularly DHA

nd EPA, are inversely associated with periodontitis in
he US population. To date, the treatment of periodontitis
as primarily involved mechanical cleaning and local an-
ibiotic application. Thus, a dietary therapy, if effective,
ight be a less expensive and safer method for the pre-

ention and treatment of periodontitis. Given the evi-
ence indicating a role for n-3 fatty acids in other chronic
nflammatory conditions (27,34-38), it is possible that
reating periodontitis with n-3 fatty acids could have the
dded benefit of preventing other chronic diseases asso-

iated with inflammation, including ischemic cerebrovas-
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ular disease (39), as well. Both of these questions war-
ant further investigation in prospective cohort and
andomized clinical trials.

TATEMENT OF POTENTIAL CONFLICT OF INTEREST:
r Mukamal is the principal investigator on an ongoing

tudy funded by Harvard Medical School for which Beth
srael Deaconess Medical Center received a donation of
HA and placebo capsules from Martek Corporation. Drs
hillips, Davis, and Naqvi are co-investigators on that
rial. Martek provided no other resources or funds and
as no role in the conduct or analysis of that study.
FUNDING/SUPPORT: This work was funded by the
ational Institutes of Health grant no. 5 T32 AT000051.

eferences
1. Jain A, Batista EL, Jr., Serhan C, Stahl GL, Van Dyke TE. Role for

periodontitis in the progression of lipid deposition in an animal model.
Infect Immun. 2003;71:6012-6018.

2. Serhan CN, Jain A, Marleau S, Clish C, Kantarci A, Behbehani B,
Colgan SP, Stahl GL, Merched A, Petasis NA, Chan L, Van Dyke TE.
Reduced inflammation and tissue damage in transgenic rabbits over-
expressing 15-lipoxygenase and endogenous anti-inflammatory lipid
mediators. J Immunol. 2003;171:6856-6865.

3. Zhao G, Etherton TD, Martin KR, Gillies PJ, West SG, Kris-Etherton
PM. Dietary alpha-linolenic acid inhibits proinflammatory cytokine
production by peripheral blood mononuclear cells in hypercholester-
olemic subjects. Am J Clin Nutr. 2007;85:385-391.

4. Eberhard J, Heilmann F, Acil Y, Albers HK, Jepsen S. Local applica-
tion of n-3 or n-6 polyunsaturated fatty acids in the treatment of
human experimental gingivitis. J Clin Periodontol. 2002;29:364-369.

5. Campan P, Planchand PO, Duran D. Pilot study on n-3 polyunsatu-
rated fatty acids in the treatment of human experimental gingivitis.
J Clin Periodontol. 1997;24:907-913.

6. Hasturk H, Kantarci A, Ohira T, Arita M, Ebrahimi N, Chiang N,
Petasis NA, Levy BD, Serhan CN, Van Dyke TE. RvE1 protects from
local inflammation and osteoclast-mediated bone destruction in peri-
odontitis. FASEB J. 2006;20:401-403.

7. Rosenstein ED, Kushner LJ, Kramer N, Kazandjian G. Pilot study of
dietary fatty acid supplementation in the treatment of adult periodon-
titis. Prostaglandins Leukot Essent Fatty Acids. 2003;68:213-218.

8. Centers for Disease Control and Prevention, National Center for
Health Statistics. National Health and Nutrition Examination Survey
Data. Hyattsville, MD: US Department of Health and Human Ser-
vices, Centers for Disease Control and Prevention; 1999-2000.

9. Centers for Disease Control and Prevention, National Center for
Health Statistics. National Health and Nutrition Examination Survey
Data. Hyattsville, MD: US Department of Health and Human Ser-
vices, Centers for Disease Control and Prevention; 2001-2002.

0. Centers for Disease Control and Prevention, National Center for
Health Statistics. National Health and Nutrition Examination Survey
Data. Hyattsville, MD: US Department of Health and Human Ser-
vices, Centers for Disease Control and Prevention; 2003-2004.

1. Centers for Disease Control and Prevention, National Center for
Health Statistics. National Health and Nutrition Examination Survey
Data: Dental Examiners Procedures Manual. Hyattsville, MD: US
Department of Health and Human Services, Centers for Disease
Control and Prevention; 2003-2004.

2. Centers for Disease Control and Prevention, National Center for
Health Statistics. National Health and Nutrition Examination Survey
Data: Dental Examiners Procedures Manual. Hyattsville, MD: US
Department of Health and Human Services, Centers for Disease
Control and Prevention; 2001-2002.

3. Centers for Disease Control and Prevention, National Center for
Health Statistics. National Health and Nutrition Examination Survey
Data: Dental Examiners Procedures Manual. Hyattsville, MD: US
Department of Health and Human Services, Centers for Disease
Control and Prevention; 1999-2000.

4. Al-Zahrani MS, Borawski EA, Bissada NF. Increased physical activ-
ity reduces prevalence of periodontitis. J Dent. 2005;33:703-710.

5. Borrell LN, Burt BA, Warren RC, Neighbors HW. The role of individ-
ual and neighborhood social factors on periodontitis: The third Na-

tional Health and Nutrition Examination Survey. J Periodontol.
2006;77:444-453.

N

6. Arbes SJ Jr, Agustsdottir H, Slade GD. Environmental tobacco smoke
and periodontal disease in the United States. Am J Public Health.
2001;91:253-257.

7. Chapple IL, Milward MR, Dietrich T. The prevalence of inflammatory
periodontitis is negatively associated with serum antioxidant concen-
trations. J Nutr. 2007;137:657-664.

8. Borrell LN, Burt BA, Taylor GW. Prevalence and trends in periodon-
titis in the USA: The [corrected] NHANES, 1988 to 2000. J Dent Res.
2005;84:924-930.

9. Borrell LN, Burt BA, Gillespie BW, Lynch J, Neighbors H. Periodon-
titis in the United States: Beyond black and white. J Public Health
Dent. 2002;62:92-101.

0. Al-Zahrani MS, Bissada NF, Borawskit EA. Obesity and periodontal
disease in young, middle-aged, and older adults. J Periodontol. 2003;
74:610-615.

1. Paraskevas S, Huizinga JD, Loos BG. A systematic review and meta-
analyses on C-reactive protein in relation to periodontitis. J Clin
Periodontol. 2008;35:277-290.

2. Linden GJ, McClean K, Young I, Evans A, Kee F. Persistently raised
C-reactive protein levels are associated with advanced periodontal
disease. J Clin Periodontol. 2008;35:741-747.

3. Blanton CA, Moshfegh AJ, Baer DJ, Kretsch MJ. The USDA Auto-
mated Multiple-Pass Method accurately estimates group total energy
and nutrient intake. J Nutr. 2006;136:2594-2599.

4. Al-Zahrani MS, Borawski EA, Bissada NF. Periodontitis and three
health-enhancing behaviors: Maintaining normal weight, engaging in
recommended level of exercise, and consuming a high-quality diet. J
Periodontol. 2005;76:1362-1366.

5. Simopoulos AP. The importance of the omega-6/omega-3 fatty acid
ratio in cardiovascular disease and other chronic diseases. Exp Biol
Med (Maywood). 2008;233:674-688.

6. Willett W. Nutritional Epidemiology. 2nd ed. New York, NY: Oxford
University Press; 1998.

7. Mozaffarian D, Rimm EB. Fish intake, contaminants, and human
health: Evaluating the risks and the benefits. JAMA. 2006;296:1885-
1899.

8. Marion-Letellier R, Butler M, Dechelotte P, Playford RJ, Ghosh S.
Comparison of cytokine modulation by natural peroxisome prolifera-
tor-activated receptor gamma ligands with synthetic ligands in intes-
tinal-like Caco-2 cells and human dendritic cells—Potential for di-
etary modulation of peroxisome proliferator-activated receptor
gamma in intestinal inflammation. Am J Clin Nutr. 2008;87:939-948.

9. Serhan CN, Savill J. Resolution of inflammation: The beginning pro-
grams the end. Nat Immunol. 2005;6:1191-1197.

0. Levy BD, Kohli P, Gotlinger K, Haworth O, Hong S, Kazani S, Israel
E, Haley KJ, Serhan CN. Protectin D1 is generated in asthma and
dampens airway inflammation and hyperresponsiveness. J Immunol.
2007;178:496-502.

1. Hasturk H, Kantarci A, Goguet-Surmenian E, Blackwood A, Serhan
CN, Van Dyke TE. Resolvin E1 regulates inflammation at the cellular
and tissue level and restores tissue homeostasis in vivo. J Immunol.
2007;179:7021-7029.

2. Tokudome Y, Kuriki K, Imaeda N, Ikeda M, Nagaya T, Fujiwara N,
Sato J, Goto C, Kikuchi S, Maki S, Tokudome S. Seasonal variation in
consumption and plasma concentrations of fatty acids in Japanese
female dietitians. Eur J Epidemiol. 2003;18:945-953.

3. Kris-Etherton PM, Taylor DS, Yu-Poth S, Huth P, Moriarty K, Fishell
V, Hargrove RL, Zhao G, Etherton TD. Polyunsaturated fatty acids in
the food chain in the United States. Am J Clin Nutr. 2000;71(suppl):
179S-88S.

4. Bahekar AA, Singh S, Saha S, Molnar J, Arora R. The prevalence and
incidence of coronary heart disease is significantly increased in peri-
odontitis: A meta-analysis. Am Heart J. 2007;154:830-837.

5. Mustapha IZ, Debrey S, Oladubu M, Ugarte R. Markers of systemic
bacterial exposure in periodontal disease and cardiovascular disease
risk: A systematic review and meta-analysis. J Periodontol. 2007;78:
2289-2302.

6. Dietary supplementation with n-3 polyunsaturated fatty acids and
vitamin E after myocardial infarction: Results of the GISSI-Preven-
zione trial. Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto miocardico. Lancet. 1999;354:447-455.

7. Bucher HC, Hengstler P, Schindler C, Meier G. N-3 polyunsaturated
fatty acids in coronary heart disease: A meta-analysis of randomized
controlled trials. Am J Med. 2002;112:298-304.

8. Calder PC. n-3 polyunsaturated fatty acids, inflammation, and in-
flammatory diseases. Am J Clin Nutr. 2006;83(suppl):1505S-1519S.

9. Janket SJ, Baird AE, Chuang SK, Jones JA. Meta-analysis of peri-

odontal disease and risk of coronary heart disease and stroke. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2003;95:559-569.

ovember 2010 ● Journal of the AMERICAN DIETETIC ASSOCIATION 1675


	METHODS
	Study Sample
	Periodontitis
	Dietary Fatty Acids
	Supplemental Fatty Acids
	Other Covariates
	STATISTICAL ANALYSES

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References



