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1 | BACKGROUND
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Abstract

Aim: Assess the association of flossing with periodontitis.

Materials and Methods: This was a cross-sectional study using the National Health
and Nutrition Examination Survey (NHANES) years 2011-2014. We used three cate-
gories of flossing: 0-1, 2-4 and 25 days in the past week and the CDC definition of
periodontitis. We calculated odds ratios controlling for age, gender, smoking, drinking,
income and dentist visits.

Results: A total of 6939 adult subjects were included, 35% flossed <1 time a week, and
40% had periodontitis. After adjustment, the odds of periodontitis were 17% lower for
subjects who flossed >1 time a week than for subjects who flossed less often (odds
ratio=0.83, 95% CI 0.72-0.97). A dose response was not observed. Men were twice as
likely as women to have periodontitis. Younger subjects, non-smokers and subjects
with the highest incomes had lower odds of having periodontitis.

Conclusions: Flossing was associated with a modestly lower prevalence of periodonti-
tis. Older age, being male, smoking, low income and less frequent dental visits were
associated with a higher prevalence of periodontitis. Flossing 2-4 days a week could
be as beneficial as flossing more frequently. This is a cross-sectional study so a causal

relation between flossing and periodontitis cannot be established.
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USA (Eke et al., 2015), and it is a major cause of tooth loss (Chapple
etal., 2015).

Good oral hygiene practices are widely considered important to
maintaining good oral health, and flossing has long been considered
an indispensable part of an effective oral hygiene routine. Dental
plaque is a bacterial biofilm which causes chronic gingivitis and peri-
odontitis (Hasan & Palmer, 2014), and flossing removes plaque or
controls its accumulation (Chapple et al., 2015). Periodontitis is a
common chronic condition characterized by gingival inflammation
of the supporting tissues around the teeth (Savage, Eaton, Moles,
& Needleman, 2009). It affects approximately 45% of adults in the

Even though flossing has been considered to be important to oral
health, systematic reviews and meta-analyses of randomized con-
trolled trials found that flossing is associated with only a small reduc-
tion in plaque and gingivitis (Berchier, Slot, Haps, & Van der Weijden,
2008; Salzer, Slot, Van der Weijden, & Dorfer, 2015). The individual
studies in the meta-analyses were small, with a total number of sub-
jects in the flossing groups of fewer than 600 (Sambunjak et al., 2011).

The National Health and Nutrition Examination Survey (NHANES)

is a national research programme that collects health information
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from a representative sample of the US population through interviews
and medical and oral examinations (CDC, 2015, National Center for
Health Statistics, 2015). It asks thousands of people questions about
the frequency of flossing and includes standardized periodontal exam-
inations conducted by dentists, making the diagnosis of periodontitis
reliable. Therefore, NHANES is a reasonable source to understand the

association between flossing and periodontal disease.

1.1 | Objective

The objective of this study was to assess the association of flossing

with periodontitis.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a cross-sectional study.

2.2 | Source

The data source was the NHANES years 2011 to 2014. We selected
these years because NHANES implemented the same protocol for as-

sessing periodontitis during that time.

2.3 | Inclusion criteria

Subjects 30 and older who underwent a periodontal examination
and responded to the question about frequency of flossing were
included. Only those subjects 30 years of age and older were sub-

ject to a periodontal examination, per the NHANES specifications.

2.4 | Exposure

The exposure was flossing. We based the exposure on the response
to the question (OHQ.870) in NHANES (EKE, Page, Wei, Thornton-
Evans, & Genco, 2012).

Aside from brushing [your] teeth with a toothbrush, in the
last seven days, how many days did you use dental floss or

any other device to clean between your teeth?

Three categories were created from the responses: from 0-1 day,
2-4 days and 5 or more days in the past week. We categorized flossing
a priori to avoid making assumptions about a linear association between
flossing and the prevalence of periodontitis.

2.5 | Outcome

The outcome was periodontitis. We used the CDC definition of peri-
odontitis (Eke et al., 2012). This definition is based on measurements
of attachment loss and pocket depth and includes mild, moderate or

severe periodontitis.
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Clinical Relevance

Scientific rationale for the study: Meta-analyses of short-
duration trials found that daily flossing produced a small re-
duction in plaque and gingivitis. We conducted a
population-based study using NHANES data to assess the
association of flossing with periodontitis. NHANES collects
information from a representative sample of the US
population.

Principal findings: Flossing was associated with a modestly
lower prevalence of periodontitis. No dose response was
observed. Older age, being male, smoking and low-income
were associated with periodontitis.

Practical implications: Flossing 2-4 days a week may be as
beneficial as flossing more frequently. This cross-sectional

study cannot establish a causal relation.

2.6 | Potential confounder variables

The development of periodontitis has been associated with increas-
ing age, being male, low economic status, frequency of visits to the
dentist, smoking and alcohol consumption (Eke et al., 2015) (Pitiphat,
Merchant, Rimm, & Joshipura, 2003). Thus, we included these vari-
ables as potential confounders.

Age was classified a priori into three categories: 30-49, 50-64 and
65 or older.

Socioeconomic status was assessed through income. Income was
grouped into four categories: very low, low, middle and high income,
based on the participant’s response to the annual household income
question. Very low income was defined as annual income <$15,000,
low income as annual income between $15,000 and $34,999, middle
income as annual income between $35,000 and $74,999 and high in-
come as annual income $75,000 or higher.

Participants were classified as never, former or current smokers.
Current smokers were those subjects reporting having smoked at
least 100 cigarettes in their lifetime and currently smoking every day
or some days. Former smokers were those subjects reporting having
smoked at least 100 cigarettes in their lifetime but who do not cur-
rently smoke.

For alcohol use, participants were classified as never, former and
current drinkers. Current drinkers were those subjects reporting at
least 12 drinks in their lifetime and who have had at least 1 drink in the
past 12 months. Former drinkers were those subjects who reported
drinking at least 12 drinks in their lifetime and no drinks in the past
12 months.

Frequency of visits to the dentist is also a potential confounder.
We categorized time since last visit to the dentist into three cate-
gories: visited a dentist within the past year, visited a dentist >1 to
<3 years ago, or visited > 3 years ago or never have visited a dentist.
This is based on the response to question OHQ.030: About how long

has it been since you last visited a dentist?
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2.7 | Analysis

To assess the association of flossing with periodontitis, we built a lo-
gistic regression and calculated unadjusted and adjusted odds ratios
(ORs).

The outcome in the logistic regression model was the presence
or absence of periodontitis and the model included the categories of
flossing frequency, age, gender, smoking, drinking, income and fre-
quency of visits to the dentist as potential confounding variables. We
also reported the adjusted odds ratios for these variables. For vari-
ables with missing data, a separate category was created. Therefore,
the model accounts for the missing data and for its potential effect on
the outcome.

To correctly account for the complex survey design, the analyses
included the primary sampling unit variable (sdmvpsu) for variance es-
timation, the pseudo-stratum variable (sdmvstra) as the stratification
variable and Mobile Examination Center (wtmec) weights (Mirel et al.,
2013). NHANES provides sample weights to be used in conjunction

Flossing
0-1 days a week
N (column %)

Flossing

Characteristic

Number of subjects (row %) 2642 (35) 1597 (25)
Number of men 1519 (59) 762 (48)
Age
Number of subjects between 30 1281 (54) 855 (54)
and 49 years of age
Number of subjects between 50 785 (30) 494 (33)
and 64 years of age
Number of subjects 265 years of 576 (17) 248 (13)
age
#Smoking behaviour
Number of current smoker 620 (22) 262 (16)
Number of former smoker 636 (24) 381 (25)
Number of never smokers 1386 (54) 954 (57)
#Drinking behaviour
Number of current drinkers 1594 (67) 1083 (75)
Number of former drinkers 470 (16) 214 (10)
Number of never drinkers 360 (10) 183 (9)
“Income
Lowest income 623 (16) 239 (10)
Low income 622 (20) 300 (15)
Middle income 679 (28) 439 (27)
Upper income 590 (32) 562 (46)
“Dental visits
>3 years ago or never visit a 443 (15) 125 (7)
dentist
Visited dentist >1 year and < 307 (11) 162 (10)
3 years
Visited dentist within the last 576 (26) 428 (28)

year

@Numbers do not add to 100% because of missing data.

2-4 days a week
N (column %)

with the data to allow analysts to produce estimates that are repre-
sentative of the US population. When combining multiple cycles of
data, as in this study, the 2-year weights must be adjusted. Using the
estimation procedure guidelines provided by NHANES, we multiplied
the weight variable by 1/2, because we included two survey periods.
(Mirel et al., 2013).

2.8 | Adhoc analyses

To address the question of the association of no flossing at all with
periodontitis, we created two flossing categories: no flossing at all in
the previous week and flossing at least once in the previous week.
We followed the same procedures as with the main analyses, and we
report unadjusted and adjusted odds ratios.

STATA SE version 14.2 was used to conduct the analyses.

Each one of NHANES surveys has been approved by the NCHS
Research Ethics Review Board. NHANES releases anonymized coded
survey data to the public. These are the data used in the present study.

TABLE 1 Characteristics of the subjects

Flossing by flossing frequency

25 days a week
N (column %)

2700 (40)
1113 (40)

1126 (42)
927 (36)

647 (22)

394 (14)
699 (28)
1602 (57)

1690 (70)
428 (14)
396 (11)

439 (11
536 (15
750 (31
857 (40

)
)
)
)
162 (5)

201 (6)

914 (38)



CEPEDAET AL.

TABLE 2 Association of flossing with periodontitis

No periodontitis

N (%) N (%)
Flossing 0-1 days a week 1149 (31) 1493 (42)
Flossing 2-4 days a week 932 (27) 665 (21)
Flossing 25 days a week 1484 (42) 1216 (37)

3 | RESULTS

Of the 7661 subjects who responded to the flossing question, 6939
had periodontal examination data. Of these subjects, 35% flossed
no more than once in the past week. Men, younger subjects, current
smokers, subjects with the lowest incomes and subjects who rarely
visited a dentist flossed less frequently than their counterparts. There
was not a clear pattern of flossing frequency for current drinkers
(Table 1).

3.1 | Association of flossing with periodontitis

Overall, 40% of the subjects had periodontitis. A higher percentage
of subjects who flossed no more than once a week had periodontitis
compared with subjects who flossed more often (Table 2). Unadjusted
results show that compared with no flossing, people who flossed more
than once a week had lower odds of having periodontitis (Table 2). No
dose response was observed, meaning that the magnitude of the pro-
tective effect did not increase with greater flossing frequency.

After adjustment, the association of flossing with periodontitis re-
mains statistically significant; however, the magnitude of the associa-
tion decreased. The odds of having periodontitis were 17% lower for
someone who flosses more than once a week. As with the unadjusted
results, a dose response was not observed (Table 2).

3.2 | Association of age, gender, smoking and
drinking status, income and visits to the dentist with
periodontitis

After adjustment for established risk factors and flossing, we found
that men are twice as likely as women to have periodontitis. Compared
with subjects age 30-49, older subjects had higher odds of having
periodontitis. For example, subjects 65 or older had three times the
odds (Table 3).

Non-smokers and even former smokers had lower odds of having
periodontitis than current smokers. The odds are 69% lower for non-
smokers than current smokers (Table 3).

Compared with current drinkers, former drinkers had higher odds
of having periodontitis (Table 3).

The odds of having periodontitis were substantially lower in sub-
jects with the highest incomes (70% lower) than the lowest income.
Visiting a dentist within the last year was associated with lower odds
of having periodontitis, compared with subjects who never or rarely
visit a dentist (Table 3).

Periodontitis
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Unadjusted OR (95% Cl) Adjusted OR (95% Cl)

Reference
0.79 (0.66-0.94)
0.83(0.72-0.97)

Reference
0.56 (0.49-0.65)
0.64 (0.57-0.73)

3.3 | Ad hoc findings

The analyses in which the reference category was no flossing at
all (instead of flossing no more than once a week) provided similar
results to the main analyses. Compared with no flossing at all, floss-
ing 1 or more days a week reduced the odds of having periodontitis
by 23% (Table 4).

4 | DISCUSSION

This large, population-based, observational study found that flossing
was associated with a lower prevalence of periodontitis; however, the
magnitude of the association was modest. The associations of age,
gender, smoking, frequency of dental visits and income with peri-
odontitis were substantially stronger than the protective association
observed for flossing. Nonetheless, the benefit of flossing was seen,
in addition to the known benefit of toothbrushing. This is a cross-
sectional study so it is difficult to argue for a causal relation between

TABLE 3 Association of age, gender, smoking and drinking status,
income and visits to the dentist with periodontitis

Odds ratio (95%
Characteristic confidence interval)
Women Reference
Men 2.04 (1.84-2.26)
Subjects between 30 and 49 years of age Reference

Subjects between 50 and 64 years of age 2.04 (1.65-2.51)
3.21(2.58-4.01)
Reference

0.40(0.31-0.51)

0.31(0.26-0.40)

Subjects 265 years of age
Current smoker

Former smokers

Never smokers
Reference
1.42(1.14-1.78)
1.29(0.92-1.81)
Reference

0.90 (0.69-1.17)
0.63 (0.49-0.80)
0.30 (0.25-0.37)
Reference
0.61(0.43-0.87)
0.42(0.31-0.55)

Current drinkers

Former drinkers

Never drinkers

Lowest income

Low income

Middle income

Upper income

>3 years ago or never visit a dentist
Visited dentist >1 year and < 3 years
Visited dentist within the last year
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No periodontitis ~ Periodontitis Unadjusted OR
N (%) N (%) (95% ClI)
No flossing 861 (40) 1296 (60) Reference
Flossing 21 day 2703 (57) 2078 (43) 0.54 (0.49-0.60)

a week

flossing and periodontitis; therefore, we can only state that there is a
negative association.

A large percentage (35%) of the US population does not floss or
does not floss frequently. Others have found low a frequency of floss-
ing and that the frequency of flossing increases as income or educa-
tion increases (Chen & Stone, 1983). The observed benefit of flossing
did not show a dose response, suggesting that flossing 2-4 days a
week could be enough to protect against periodontitis when com-
bined with brushing.

One possible hypothesis for these findings is that removal of inter-
proximal plague on a daily basis may not be necessary to mitigate
disease initiation and/or progression. The composition of the plaque
microflora changes over time due to a series of complex interactions,
termed microbial succession (Marsh, Martin, Lewis, & Williams, 2009).
Mechanical disruption of the inter-proximal plaque as infrequent as
every few days may be sufficient to halt the microbial succession pro-
cess that leads to a more mature plaque, one that is widely under-
stood to be associated with inflammation and disease initiation.

Systematic reviews of published, randomized clinical trials have
found a small benefit of flossing on reducing plague and gingivitis
(Sambunjak et al., 2011). These published studies were limited in that
they were most often short term (4 weeks or less), had small sample
sizes and were therefore unable to assess any potential long-term ben-
efit. Our study, which is based on observational data, found a modest
association between flossing and prevalence of periodontitis, which
takes longer to develop and is more consequential than gingivitis
(Pihlstrom, Michalowicz, & Johnson, 2005).

This is an observational study, and therefore, remaining bias could
explain the study results (Hujoel, Cunha-Cruz, & Kressin, 2006). Indeed,
we observed that controlling for the effect of potential confounders
reduced the magnitude of the association of flossing with periodontitis.

Frequency of flossing was based on self-reporting, and self-
reported answers may be inaccurate. However, the question on floss-
ing asked about the frequency of flossing in the last 7 days, making it
likely that participants remembered the frequency of flossing accu-
rately, so misclassification may not be substantial in this survey. The
question we used to assess flossing included not only dental floss
but also any other device used to clean between teeth. Studies have
shown that the efficacy of flossing and inter-dental cleaning is dif-
ferent at least in terms of reducing gingivitis (Salzer et al., 2015), so
it would have been ideal if we could have assessed them separately.

Flossing requires a proper technique; in this study, we know how
often subjects floss, but we do not know how well they do it. The
benefit of flossing could depend on how well it is done (Lang, Ronis,
& Farghaly, 1995). The lack of dose response we observed could be
explained by subjects not flossing adequately.

TABLE 4 Association of no flossing at

Adjusted OR all with periodontitis

(95% Cl)
Reference

0.77 (0.67-0.87)

This is the largest study to date that assesses the association of
flossing with periodontitis. All the subjects went through an oral health
examination by dentists following similar protocols and intense train-
ing prior to the beginning of the survey (Eke et al., 2015). The stan-
dardization of the measurements of the outcome minimizes the risk of
misclassification of the outcome, thereby increasing the validity of the
findings. Furthermore, the participants are representative of the US
population, so the study findings can be generalized to the population
aged 30 and older. Lastly, this study was based on publicly available
data and used a standard definition of periodontitis; therefore, the
findings of this study can be replicated.

In summary, we found that flossing is associated with a modestly
lower prevalence of periodontitis. Older age, being male, smoking,
infrequent visits to the dentist and low income are associated with
higher prevalence of periodontitis. Flossing 2-4 days a week could be
as beneficial as flossing more frequently.
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