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ABSTRACT

Background: Although evidence suggests that dental floss contains perfluoroalkyl and polyfluoroalkyl substances (PFASSs), it is
still uncertain whether the use of dental floss contributes to an increased risk of PFAS exposure.

Methods: We analysed data on serum PFAS concentrations and dental floss usage in a cohort of 6750 adults who participated in
the National Health and Nutrition Examination Survey (NHANES) from 2009 to 2020. In our study, we used logistic regression,
a survey-weighted linear model, item response theory (IRT) scores, inverse probability weights (IPWs) and sensitivity analysis to
assess the potential impact of dental floss usage on human serum PFAS levels.

Results: The analysis of six PFASs revealed that dental floss users had higher serum concentrations of perfluorooctanoic acid
(PFOA) compared with non-users, while serum concentrations of other PFASs were lower. Dental floss users recorded a lower
level of overall PFAS burden score compared with non-users. Sensitivity analysis showed a statistically significant increase in
serum PFOA concentration among dental floss users.

Conclusion: Our findings suggest that the use of dental floss may be associated differently with serum concentrations of specific
PFASs. Among a large representative sample of U.S. adults, individuals reporting the use of dental floss had lower levels of serum
PFASs overall, with the exception of PFOA, which was slightly elevated. Dental floss is an important oral hygiene tool, and fur-
ther research is needed to clarify its role in PFAS exposure.

1 | Introduction industrial and consumer products. Over the past seven de-

cades, the industrial use of PFASs has expanded to more than
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are a 200 applications and over 4000 individual PFAS compounds,
large group of synthetic chemicals known for their persistence with further expansion ongoing (Evich et al. 2022; Gluge
in the environment and their widespread use in various et al. 2020; Wang et al. 2021). The widespread use of PFASs
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in industrial applications and the stability of their degrada-
tion products have resulted in their extensive presence in the
environment (Ankley et al. 2021). Studies have shown that in
developed countries, almost the entire population has measur-
able PFASs in their blood (Stubleski et al. 2016; Zheng, Eick,
and Salamova 2023). PFAS compounds are used for their non-
sticking, grease-resistant and water-resistant properties, which
make them valuable in various industries, including cookware,
clothing and food packaging. For the general population, per-
sonal household items such as cleaning products and some
medical devices may serve as pathways for exposure to PFASs
(Evich et al. 2022; Holder et al. 2024; Kim, Lee, and Oh 2019).
Owing to the extended half-life of PFASs and the detection of
these compounds in human organisms, medical and scientific
communities have shown great concern about the effects of
PFASs on human health (National Academies of Sciences and
Medicine 2022). Many studies have reported that exposure to
PFASs can result in adverse effects on human health, and these
effects are multifaceted. When PFASs enter the body, they can
accumulate in human liver and kidney tissues. This accumula-
tion can lead to damage of liver cells, non-alcoholic fatty liver
disease and an increased incidence of kidney cancer (Armstrong
and Guo 2019; Nian et al. 2019; Stanifer et al. 2018). In addition
to accumulating in liver and kidney tissues, PFASs may have a
tumour-promoting effect on the development of thyroid cancer
(Coperchini et al. 2024). PFASs can also impact children, and
studies have shown that PFASs can increase the risk of rhinitis
and respiratory infections in children by suppressing their im-
mune response (Kvalem et al. 2020). Furthermore, studies have
found that PFASs may have an impact on human sex hormones
and female reproductive health (Ding et al. 2020; Rickard, Rizvi,
and Fenton 2022). The toxic effects of PFASs on humans may
be related to the weakened function of the human immune sys-
tem, oxidative stress and endocrine disorders. PFASs can enter
the human body through a variety of ways, including via diet,
drinks and inhalation. Once inside the human body, they accu-
mulate and become distributed in the blood, liver, kidney, brain
and other human organs (Manojkumar et al. 2023). Oral inges-
tion may be the main route for PFASs to enter the human body,
including via contaminated water and food (Boone et al. 2019;
Curtzwiler et al. 2021). Additionally, personal care products
may be an important means of increasing the overall intake of
PFASs. Some dental products, such as dental floss, may con-
tribute to increased PFAS intake due to long-term exposure in
the mouth.

Dental floss has become widely accepted as an aid for cleaning
the surfaces of teeth and preventing dental caries and periodon-
tal disease in daily life (Marinho et al. 2003). It is usually made
from materials such as nylon thread, silk thread, PTFE (polytet-
rafluoroethylene, a type of fluoropolymer) or other substances
and is usually coated uniformly with wax. Certain types of den-
tal floss may use specific PFASs. For example, Oral B Glide floss
is made from 100% PTFE rather than being merely coated with
PFASs. This is supported by multiple sources, including state-
ments from Procter & Gamble and studies that have identified
the presence of fluorine in Oral B Glide, confirming the use of
PFAS-related materials such as PTFE. While Oral B Glide and
similar products are manufactured with PTFE, it is important
to note that other types of dental floss may also contain PFAS-
based coatings or materials. Some studies have found detectable

levels of fluorine in several dental floss products, including both
PTFE and non-PTFE flosses, suggesting that other types of floss
may use PFAS-based coatings (Boronow et al. 2019). The phys-
ical properties of PTFE dental floss are more favoured by users
(Huang, Broadbent, and Choi 2023). However, the prevalence of
PFAS-containing dental floss in the market remains somewhat
unclear, as certain brands have moved toward PFAS-free alter-
natives in response to growing consumer concerns.

The unique characteristics of PFASs cause them to accumulate
in the human body, and this accumulation can lead to adverse
health outcomes. To protect public health, it is important to as-
sess the potential risk of users being exposed to PFASs. Studies
have shown that educational efforts aimed at reducing PFAS ex-
posure have resulted in behavioural changes, such as decreased
use of non-stick cookware and dental floss containing PFASs
(Boronow et al. 2023). However, lack of education may inad-
vertently result in the continued use of dental floss containing
PFASs and subsequent potential exposure risks. A study on 178
middle-aged American women indicated that participants who
used Oral B Glide dental floss recorded higher levels of serum
PFHXxS (Boronow et al. 2019). This suggests that the use of spe-
cific types of dental floss may contribute to accidental PFAS ex-
posure; however, the study had a limited sample size. Therefore,
it is important to study whether the use of dental floss can in-
crease the risk of PFAS exposure.

The aim of this study was to investigate the potential correla-
tion between dental floss usage and serum levels of PFASs in
the human body. In our study, we assessed the serum levels
of PFASs in a cohort of adults in the United States by analys-
ing data from the National Health and Nutrition Examination
Survey (NHANES). Then, we used the results to compare serum
levels of PFASs in people who use dental floss with those who
do not.

2 | Materials and Methods
2.1 | Study Population

The data for this study were obtained from NHANES, a nation-
ally recognized, continuous, cross-sectional survey conducted
by the Centers for Disease Control and Prevention (CDC) and
the National Center for Health Statistics (NCHS). Its primary
goal is to collect comprehensive data on the nutritional and
health status of the population in the United States. Our study
used NHANES data from 2009 to 2020, which included in-
formation on PFAS concentrations and dental floss usage. We
included all eligible participants from the relevant NHANES cy-
cles to maximize both the sample size and the robustness of our
findings. A total of 55,999 participants were eligible for our anal-
ysis. According to the NHANES survey, the target age range for
dental floss usage is 30-150years; therefore, 28,844 participants
younger than 30years were excluded. We then excluded 20,405
participants with missing key information or covariate infor-
mation. Ultimately, a total of 6750 participants who fulfilled the
eligibility criteria were included in our study. Our analysis was
conducted in accordance with NHANES's public use dataset
guidelines and used publicly available NHANES data, which
does not require additional ethical approval for secondary data
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analysis. The flow chart in Figure 1 illustrates the process of
selecting the study population.

2.2 | Dental Floss Usage Assessment

The dental floss usage status in this study was assessed by
studying the answers provided by participants in the NHANES
questionnaire, specifically regarding the number of days that
they had used dental floss in the past week (range: 0-7days).
Participants were categorized as follows: those who reported
using dental floss for Odays were classified separately from
those who used it for 1-7 days. Participants who responded with
‘refused’ or ‘don't know’ or had missing data were excluded from
the statistical analysis.

2.3 | Serum Level of PFAS Assessment

The concentration of PFASs in human serum was quantitatively
determined using an analysis technique known as solid-phase-
extraction high-performance liquid chromatography-turbo spray
ionization-tandem mass spectrometry (SPE-HPLC-TSI-MS/MS)
(Kuklenyik, Needham, and Calafat 2005). Among the PFAS
compounds identified in the NHANES laboratory data, our
focus was on those detected in over 50% of the analysed sam-
ples. The targeted PFAS compounds included perfluorooctanoic
acid (PFOA), perfluorononaic acid (PFNA), perfluorohexane
sulfonic acid (PFHSA), perfluorooctanesulfonic acid (PFOSA),
perfluorodecanoic acid (PFDA) and 2-(n-methyl-perfluoroocta
nesulfonamide) acetic acid (MeFOSAA). When the concentra-
tions fell below the lower limit of detection (LLOD), we treated

them as binary variables: concentrations below the LLOD were
assigned a value of 0 (non-detectable), and detectable levels were
assigned a value of 1. This method ensures that compounds with
limited detection are appropriately handled without introduc-
ing bias.

The overall burden of PFASs among the participants was evalu-
ated through item response theory (IRT) scores. IRT has recently
been used to assess biocumulative exposure burden scores for
environmental pollutants such as PFASs (Liu et al. 2022). PFASs
typically exhibit different patterns of exposure and bioaccu-
mulation. PFAS burden is a composite measure derived from
multiple PFASs, with each compound contributing to the over-
all exposure. Therefore, we applied an IRT model and treated
different PFAS ‘items’ to estimate the correlation between each
compound and the potential burden of PFAS. The IRT method
estimates the relative contribution of each PFAS based on its de-
tection frequency, concentration distribution and overall vari-
ability. Compounds with higher mean levels or detection rates
(e.g., PFOSA) are weighted more heavily in the calculation of the
score, while less frequently detected compounds contribute pro-
portionally less. This approach balances the influence of each
analyte and provides a composite measure of PFAS burden that
reflects overall exposure. The IRT model estimates the relative
position of each participant's latent PFAS burden, with the scores
typically centred around a mean of zero. Negative values are a
natural outcome of the IRT model and indicate that an individ-
ual's latent PFAS burden is below the population average, while
positive values indicate above-average burden levels. To en-
hance clarity and improve the interpretability of the results, we
applied a linear transformation to shift all scores into a positive
range. This transformation does not alter the relative differences

‘ Total participants from NHANES 2009-2020 (n = 55,999) ’

<«—{Exclusion: Participants under 30 years old (n = 28,844)

Y

[ 27,155 participants after these exclusions. J

<«— {Exclusion: Missing dental floss data (n = 378)

4

[ 26,777 participants included after these exclusions. ]

<«—{Exclusion: Missing PFAS data (n = 19,161)

Y

[ 7,616 participants included after these exclusions. ]

<«—{Missing education data (n = 12), PIR data (n = 854)

[ Final Study Sample (n = 6,750)

FIGURE1 | Flowchart of the study.
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or statistical significance of the results. IRT enabled us to calcu-
late an overall burden score that reflects the combined influence
of multiple PFASs, providing a more nuanced measure of PFAS
exposure. This methodology allowed us to consider the variabil-
ity in detection rates and concentrations across different PFASs,
thereby enhancing the precision of our analysis.

For more detailed information on laboratory methods and
instruments, refer to the NHANES Laboratory Procedures
Manual (https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/
labmethods/PFAS_I_MET.pdf).

2.4 | Covariates

On the basis of the existing NHANES literature on serum PFAS
levels, we identified several relevant predefined covariates as
potential confounders and incorporated them into our adjusted
model. We included participants' sex, age, race/ethnicity, edu-
cational attainment, poverty-income ratio (PIR), frequency of
recreational activity and NHANES cycle as covariates.

In relation to the covariate of sex (male or female), previous
studies have indicated sex-related differences in PFAS metab-
olism (Jane et al. 2022), and thus it is critical to adjust for this
factor to account for variability in PFAS serum concentrations
between men and women. Age (a continuous variable) is a
known factor influencing PFAS levels because accumulation
tends to increase with age. Our model adjusts for this variable to
ensure that differences in the PFAS burden are not simply due
to differences in the participants' age. Younger participants typi-
cally have different behaviours related to oral hygiene, including
a lower frequency of usage of dental floss (Hitz Lindenmiiller
and Lambrecht 2011), and they may also have different PFAS
exposure pathways. In relation to the covariate of race/ethnicity
(non-Hispanic White, non-Hispanic Black, Mexican American,
other races), PFAS exposure patterns can vary by race/ethnic-
ity as a result of differences in lifestyle, dietary habits and envi-
ronmental factors. Therefore, race/ethnicity was included as a
covariate to account for potential differences in PFAS exposure
sources across these groups. Education attainment (0-12 grades,
high school graduate/GED, some college or above) can be a
proxy for socioeconomic status, which in turn may affect en-
vironmental exposure and access to products that may contain
PFASs. This variable helps in accounting for potential socioeco-
nomic confounders. PIR (< 1.3, 1.3-3.5 and >3.5) can also help
address potential confounding by socioeconomic factors, which
are known to influence both oral hygiene behaviours (e.g., den-
tal floss use) and PFAS exposure pathways. The covariate of
frequency of recreational activity (none, moderate, vigorous or
both) was constructed by combining several NHANES variables
related to physical activity intensity and duration. Specifically,
we categorized participants based on their self-reported engage-
ment in moderate, vigorous or both moderate and vigorous ac-
tivities, as captured by the NHANES questionnaire on physical
activity. These categories were created to reflect different levels
of physical activity, with ‘moderate and vigorous’ representing
individuals who engaged in both types of activity, which we
hypothesized might reflect more consistent or higher intensity
exposure compared with those engaging in only one type. Given
that PFASs are used in various recreational products, such as

outdoor clothing and sports equipment, the frequency of rec-
reational activity was included to adjust for potential exposure
from these sources. PFAS levels vary by NHANES cycle because
legacy PFASs are being phased out over time. The demographic
information of the participants, including sex, age, race/ethnic-
ity, education attainment, PIR and frequency of recreational
activities, was obtained from NHANES's demographic data.
All data were collected by trained interviewers. They collected
relevant information in participants’' homes with the computer-
assisted personal interview (CAPI) system.

2.5 | Statistical Analysis

The general differences between individuals who use den-
tal floss and those who do not were examined using survey-
weighted chi-square tests. The adjusted geometric mean of
individual PFAS concentrations and the adjusted mean of the
overall burden score were calculated using a survey-weighted
linear model. Corresponding 95% confidence intervals, p-values
and statistical significance were also determined. Serum PFAS
concentrations were compared between groups based on the
corresponding results. In this study, we constructed a model
with prior knowledge to control confounding factors and make
the most appropriate adjustments. Relevant covariates included
sex, age, race/ethnicity, education attainment, PIR, NHANES
cycle and frequency of recreational activity (considered as a po-
tential risk factor for increased PFAS exposure due to the use of
related products in recreational activities such as sports equip-
ment, outdoor clothing and climbing ropes [Gluge et al. 2020]).

The distribution of PFAS concentrations in human serum was
revealed through density and cumulative distribution plots.
Box plots and violin plots were used to further demonstrate the
distribution of PFAS concentrations. The constructed linear
model accounted for confounding factors by using inverse prob-
ability weights (IPWs). IPWs adjust for the likelihood of using
dental floss based on participant characteristics (age, sex, etc.),
ensuring that the sample is representative of the population.
Additionally, a logistic regression model was established to clas-
sify the binary results based on the predictors, and robustness of
the estimated IPWs has been demonstrated (Zalla et al. 2022).
The data analysis was performed using R software (v. 4.4.0) and
the packages survey, gtsummary and mirt. These packages were
essential for conducting the survey-weighted analyses, which
properly account for NHANES's complex survey design. All sta-
tistical tests were conducted using a two-tailed approach, and a
p-value <0.05 was considered statistically significant.

3 | Results
3.1 | Study Population Characteristics

In total, 6750 participants were eligible for our analysis. The
general characteristics of participants who do or do not use den-
tal floss are summarized in Table 1. Among the participants,
4384 (64.95%) reported using dental floss, while 2366 (35.05%)
did not. Of these, 1914 male and 2470 female individuals were in
the dental floss user group, compared with 1330 male and 1036
female individuals in the dental floss non-user group. However,
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TABLE1 | General characteristics of study population participants in the National Health and Nutrition Examination Survey, 2009-2020.

Dental floss
Characteristics, n (%) Total (n=6750) No (n=2366) Yes (n=4384) p*
Sex <0.0001
Male 3244 (48.01) 1330 (57.01) 1914 (44.23)
Female 3506 (51.99) 1036 (42.99) 2470 (55.77)
Age group 0.001
<40years 1364 (22.22) 441 (23.07) 923 (21.86)
40-50years 1399 (22.63) 421 (20.11) 978 (23.68)
50-60years 1313 (22.89) 402 (20.27) 911 (23.99)
> 60years 2674 (32.26) 1102 (36.54) 1572 (30.47)
Race/ethnicity <0.0001
Non-Hispanic White 2821 (69.37) 955 (64.45) 1866 (71.44)
Non-Hispanic Black 1441 (9.93) 564 (12.34) 877 (8.92)
Mexican American 890 (7.22) 353 (9.26) 537 (6.37)
Other race 1598 (13.47) 494 (13.95) 1104 (13.27)
Educational attainment <0.0001
Grades 0-12 1564 (14.61) 832 (25.76) 732 (9.93)
High school graduate/GED 1464 (22.13) 559 (24.07) 905 (21.32)
Some college or above 3722 (63.26) 975 (50.17) 2747 (68.75)
Frequency of recreational activity <0.0001
No 3656 (47.11) 1563 (61.62) 2093 (41.02)
Moderate 1856 (30.65) 556 (25.94) 1300 (32.62)
Vigorous 368 (6.12) 100 (5.33) 268 (6.46)
Both 870 (16.12) 147 (7.11) 723 (19.90)
PIR <0.0001
<13 2029 (19.25) 994 (31.75) 1035 (14.01)
>1.3<3.5 2489 (34.21) 872 (36.85) 1617 (33.10)
>3.5 2232 (46.54) 500 (31.40) 1732 (52.89)

Abbreviation: PIR, poverty-income ratio.
*p-values were calculated by survey-weighted chi-square test.

among participants aged > 60years, there were 1572 partici-
pants in the dental floss user group compared with 1102 partici-
pants in the dental floss non-user group. In terms of race, about
half of the participants were non-Hispanic White; among them,
1866 reported using dental floss compared with 955 who did not.
Participants with a higher level of education (2747) and PIR >3.5
(1732) were more likely to use dental floss. Regarding recre-
ational activity levels, a total of 3656 participants engaged in less
recreational activity, of which 2093 belonged to the dental floss
user group and 1563 belonged to the dental floss non-user group.
Statistical analysis revealed significant differences between
dental floss users and non-users regarding participant demo-
graphics, including sex, age, race/ethnicity, educational attain-
ment, PIR and frequency of recreational activity. Furthermore,
it was found that dental floss users showed a higher probability

of being female individuals of Non-Hispanic White ethnicity
with higher levels of education (p <0.0001).

3.2 | Correlation Between Serum PFAS Levels
and the Use of Dental Floss

The study findings showed that dental floss users had lower
serum concentrations of PFHSA, PFOSA, PFDA and MeFOSAA
compared with non-users in the covariate-adjusted model.
Conversely, the serum concentrations of PFOA were higher
in dental floss users compared with non-users, showing a sta-
tistically significant difference between the two groups in the
covariate-adjusted model (p<0.0001). The overall burden of
the six PFASs was lower in dental floss users compared with
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non-users (Table 2). Overall, dental floss users recorded a lower
level of overall burden compared with non-users. Furthermore,
in each NHANES cycle, the serum concentrations of PFOA were
higher in dental floss users compared with non-users. The over-
all burden of the six PFASs was generally lower among dental
floss users compared to non-users, with the exception of the
2015-2016 cycle (Table S1).

3.3 | Sensitivity Analysis

To eliminate the influence of the frequency of recreational ac-
tivities on dental floss use status, we conducted further analy-
sis. After excluding recreational activities, we found that dental
floss users showed significantly higher levels of serum PFOA
compared to non-users, with the results being statistically sig-
nificant (p <0.001). Regarding the overall PFAS burden, how-
ever, the findings indicated that dental floss users had lower
levels compared to non-users (Table S2).

We also constructed several models to investigate the impact
of dental floss use frequency on the six PFASs and the overall
PFAS burden. In all models (unadjusted model; adjusted model
1, which was controlled for sex, age, race/ethnicity, education
and PIR; and adjusted model 2, which was controlled for sex,
age, race/ethnicity, education, PIR and recreational activity), no
statistically significant association was found between dental
floss use frequency and the overall PFAS burden. For the levels
of serum PFOA, we observed the same results in all three models
(Table S3). To further investigate the impact of the frequency of
dental floss use on the results, we categorized participants into
three groups based on the frequency of dental floss use (0-1 days/
week, 2-4days/week and 5-7days/week). Sensitivity analyses
were conducted accordingly. The findings indicated that, among
all participants, using dental floss 2—-4 days/week was associated
with MeFOSAA in the unadjusted model. However, no signifi-
cant correlation was observed between the frequency of dental
floss use and levels of PFOA or overall PFAS burden in either
subgroup analyses or correlation models (Table S4).

3.4 | Distribution of Serum PFAS Concentrations
in Dental Floss Users

The distribution of serum PFAS concentrations among dental
floss users showed distinct patterns across different compounds,
as shown in Figure 2. The density plot indicated a similar distri-
bution of PFOA between dental floss users and non-users; how-
ever, the cumulative probability plot suggested slightly higher
concentrations of PFOA among dental floss users. A similar
trend was observed for PFNA, with dental floss users showing a
slightly higher cumulative probability of elevated serum concen-
trations. Overlapping density distributions were found between
dental floss users and non-users for PFHSA and PFOSA without
any significant differences in cumulative probability. Regarding
PFDA and MeFOSAA, the density plots showed a wider range in
concentrations for dental floss users compared with non-users,
while the cumulative distributions indicated higher serum levels
in dental floss users for both compounds. We further conducted
box plot and violin plot analyses, which further confirmed the
distribution of the six PFASs (Figures S1 and S2).

4 | Discussion

PFASs show widespread exposure in the human living envi-
ronment, with detrimental effects on human health due to their
prolonged half-life and other associated properties. Because in-
dividuals can be exposed to PFASs in all aspects of their daily
lives, assessing the risks associated with PFAS exposure is crit-
ical to protecting public health. A previous study has indicated
that the use of dental floss containing PTFE may increase an in-
dividual's susceptibility to PFAS exposure (Boronow et al. 2019).
In contrast with prior findings, our study observed that dental
floss users showed both higher and lower serum PFAS levels
depending on the specific compound. Specifically, the findings
showed that the serum concentrations of PFOA were signifi-
cantly higher in dental floss users than in non-users, and this
difference was statistically significant. In contrast, dental floss
users exhibited decreased serum concentrations of PFHSA,
PFOSA, PFDA, MeFOSAA and overall PFAS burden compared
with non-users. These results suggest a more nuanced rela-
tionship between dental floss use and PFAS exposure, where
some compounds may be affected differently. In the sensitivity
analysis, after excluding the influence of recreational activi-
ties, we found that the serum concentrations of PFOA were still
significantly higher among dental floss users compared with
non-users. This finding provided further evidence that the use
of dental floss may lead to increased serum concentrations of
PFOA. Other PFASs, as well as the overall PFAS burden, were
influenced by recreational activities, leading to significant fluc-
tuations. Nevertheless, the overall results still indicated a de-
creasing trend in serum concentrations of relevant PFASs and
the overall PFAS burden among dental floss users.

The distribution of serum PFAS concentrations among dental
floss users shows distinct patterns, as highlighted by the density
plots, cumulative probability plots, box plots and violin plots.
The results indicated a slight increase in the concentrations and
cumulative levels of PFOA among dental floss users compared
with non-users, which was consistent with our previous analy-
sis. However, the concentrations and cumulative levels of other
related PFASs varied between dental floss users and non-users.
This suggests that while certain PFASs may not show signifi-
cant differences in concentrations between dental floss users
and non-users, their cumulative levels may vary. These findings
emphasize the importance of distinguishing between different
PFASs when assessing potential health risks.

PFASs have been linked to various diseases, including pros-
tate hyperplasia (Wang et al. 2024), polycystic ovary syndrome
(Li et al. 2024), diabetes (Gui et al. 2023; Kang and Kim 2024),
cardiovascular diseases (Schlezinger and Gokce 2024) and thy-
roid cancer (van Gerwen et al. 2023). Given the potential health
risks associated with PFASs, reducing their exposure is critical.
However, our research suggests that, contrary to previous as-
sumptions, the use of dental floss may not universally increase
serum PFAS levels in the human body; instead, it appears to only
affect serum levels of certain PFASs (such as PFOA). The use
of dental floss may lead to an increase in human serum PFOA
concentrations, implying potential adverse effects. However,
dental floss users showed a decreasing trend in the serum con-
centrations of PFHSA, PFOSA, PFDA and MeFOSAA, as well
as a lower overall PFAS burden compared with non-users.
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FIGURE 2 | Distribution of serum perfluoroalkyl and polyfluoroalkyl substance (PFAS) concentrations in dental floss users versus non-users
among adults in the United States. “Yes’ denotes dental floss users and ‘no’ denotes non-users.

This decrease may be attributed to their good oral hygiene hab- understanding of the impact of dental floss on serum levels of
its. These findings emphasize the need for a comprehensive PFASs from multiple perspectives. While dental floss is widely
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recommended for oral hygiene, its association with PFAS expo-
sure may not be as straightforward as previously thought, call-
ing for more nuanced safety evaluations.

PFASs are distributed in the atmosphere, water and soil, which
serve as the main pathways for human exposure to these com-
pounds (Jane et al. 2022). Humans may be exposed to PFAS
through ingestion of contaminated water, food and dust.
Additionally, previous studies have detected PFASs in non-
stick cookware and food packaging such as fast-food wrappers
(Jane et al. 2022; Skedung et al. 2024). People may indirectly
ingest PFASs by consuming water or food that has come into
contact with these materials. As mentioned above, while den-
tal floss may contribute to exposure to PFASs, it is unlikely to
be the primary driver of PFAS exposure for most individuals.
Relevant studies have identified the existence of PFASs in dental
floss products (Boronow et al. 2019; Skedung et al. 2024); how-
ever, few studies have further explored the potential exposure
to PFASs associated with the use of these dental floss products.
Many oral care products, including dental floss, contain related
PFASs to improve product smoothness and user experience
(Massarsky et al. 2024; Skedung et al. 2024). Therefore, under-
standing the potential sources of PFAS exposure can help indi-
viduals to mitigate the associated risks.

Owing to the limitations of the NHANES data, which do not
specify brand usage, we are unable to provide precise estimates
of PFAS exposure from specific dental floss brands in our cur-
rent study. However, this limitation underscores the need for
further research to isolate the effects of different brands and
types of dental floss. The increase in serum PFOA concentra-
tions found in our study among dental floss users may be at-
tributed to specific brands of dental floss that contain PFASs.
Considering the declining trend in serum concentrations of
other PFASs among dental floss users, it is reasonable to infer
that the effects of PFOA identified from a limited number of
dental floss brands containing PFASs may be higher than ex-
pected, particularly given the overall low usage of PFASs in den-
tal floss across the market. Dental floss containing PFASs might
only represent a small fraction of the market, but exposure levels
for these particular products can be significant for individuals
who regularly use them. However, it is important to note that
our study primarily serves as an indication for potential areas
of future research rather than serving as a basis for immediate
public health action. Future research should aim to distinguish
between PFAS-containing and PFAS-free dental floss by cor-
relating consumer reports and product test results with relevant
serum PFAS levels. The potential for dental floss to cause PFAS
exposure is a minor concern, and we must be cautious in inter-
preting the possible health effects, especially because only a
small percentage of people are likely to exceed these thresholds.

The present study provides one of the first comprehensive anal-
yses exploring the complex relationship between dental floss
usage and specific PFASs in the general population. Our find-
ings suggest that dental floss usage is associated with varying
serum concentrations of several PFASs, and elevated serum
concentrations of PFOA may indicate a potential risk, empha-
sizing the need for future research on product-specific PFAS ex-
posures. Dental floss is an essential tool for daily oral hygiene.
The components of dental floss should be carefully examined

and used appropriately to reduce potential PFAS exposure.
However, limitations exist in our study, such as the reliance
on self-reported data from the NHANES database, which may
underreport dental floss usage or fail to account for variations
across different brands and materials. Future prospective stud-
ies are needed to verify these findings and explore potential
strategies for mitigation.

5 | Conclusion

Our findings suggest that the use of dental floss may have a
differential association with serum concentrations of specific
PFASs. Among a large representative sample of U.S. adults, in-
dividuals reporting the use of dental floss had lower levels of
serum PFASs overall. While serum concentrations of PFOA
were found to be higher among dental floss users, indicating
a potential adverse effect, other compounds such as PFHSA,
PFOSA and PFDA were recorded at lower levels in dental floss
users. Therefore, dental floss, as an important oral hygiene aid
in daily life, requires further scrutiny to fully understand its role
in PFAS exposure and to avoid any potential risks at present
or in the future. Given these complex associations, dental floss
manufacturers should carefully evaluate the materials used in
their products and take targeted actions to reduce the presence
of PFASs and related compounds, thereby minimizing any po-
tential impact on users' health.
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