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Abstract

Objective—To describe self-reported exposure to environmental tobacco smoke (ETS) and its
association with periodontitis prevalence in a diverse group of Hispanics/Latinos.

Methods—Data came from 8,675 lifetime non-smokers in the 2008-2011 Hispanic Community
Health Study/Study of Latinos. Exposure to ETS was self-reported while periodontitis was defined
using the CDC/AAP criteria and the proportion of sites affected by clinical attachment level of
>3mm or pocket depth of =4mm. Survey logistic regression estimated prevalence odds ratios
(POR) and 95% confidence intervals (CI). In addition, we assessed whether greater hours of
exposure to ETS in the past year was associated with greater periodontitis prevalence and lastly,
we conducted a simple sensitivity analysis of ETS misclassification.

Results—Age-standardized prevalence estimates (95% CI) for ETS exposure and periodontitis
were 57.6% (55.9, 59.4) and 39.8% (38.1, 41.4) respectively. After adjusting for confounders and
periodontitis risk factors, we estimated an overall adjusted POR (95% CI) for the ETS-
periodontitis association as 1.09 (0.95-1.26) with a confidence limit ratio (CLR) of 1.34. This
association varied in magnitude by Hispanic/Latino background, ranging from 1.04 (0.75, 1.43
with a CLR=1.91) among Central-Americans to 1.76 (1.16, 2.66 with a CLR=2.29) in Puerto
Ricans.

Conclusions—Previously reported associations between ETS and periodontitis appear weak in
this study. However, the magnitude of the association differs according to Hispanic/Latino
background.

Corresponding author’s name, address, Aderonke A. Akinkugbe, Department of Epidemiology, Gillings School of Global Public
Health, 2101 McGavran-Greenberg Hall, CB #7435, Chapel Hill, NC 27599-7435, aakinkug@email.unc.edu.
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INTRODUCTION

Periodontitis is a major cause of tooth-loss, with adverse negative impacts on oral and
overall health-related quality-of-lifel=3. A modifiable risk factor for periodontitis is cigarette
smoking*~’. Smoking increases both the risk of onset and progression of periodontitis, and a
U.S. estimate of population attributable risk suggests that up to 42% of periodontitis is due
to smoking®. Given that approximately 80% of U.S. adults do not smoke8, exposure to
environmental tobacco smoke (ETS) poses a potentially greater threat to the periodontal
health of the majority of the population than active smoking does.

ETS is a mixture of mainstream (smoke exhaled by the smoker) and side-stream (smoke
given off by a burning cigarette) smoke?, and both have similar chemical constituents.
Previous studies have reported positive associations between ETS exposure and periodontitis
among non-smokers, but these findings were limited either by small sample sizes1911 or
homogeneous study populations?13 hence limiting generalization of these findings. In the
few studies to examine this association, the Hispanic subgroup have mostly been of
Mexican-American background 1415, However, Hispanics/Latinos represent some 20
different countries with diverse demographic, economic and cultural heritages. For example,
illustrating heterogeneity in health status among Latin American countries, differences in
life expectancy at birth in 2010/2011 spanned 17 years, ranging from 60.8 years in Haiti to
77.6 years in Costa Rical®. Thus, it is unlikely that Mexican-Americans adequately represent
this rapidly growing and diverse population.

Despite a survival advantagel’ —the so-called “Hispanic paradox”—Hispanics/Latinos fare
worse than non-Hispanic whites with respect to abdominal obesity and other cardio-
metabolic risk factors that are associated with periodontitis'®-24, They also differ in disease
risk factor profile 25, which may reflect differences in their countries of origin. For instance,
variation in smoking intensity among Hispanic/Latino groups has been reported.
Specifically, smoking prevalence is higher among Puerto Ricans and Cubans in the U.S. than
in any Hispanic/Latino country of origin and it is also higher than the U.S. national average.
Mexican and Central Americans in the U.S. have smoking prevalence similar to the U.S.
national average, while Dominicans and South Americans have prevalence estimates that are
lower than the U.S. national average2®. For the countries represented in this study, 2013 data
from the Tobacco Atlas (http://www.tobaccoatlas.org) show that 20% of Cuban men are
current smokers, while 14.5% of Dominican men are.

The objectives of this study were to describe self-reported ETS exposure among a diverse
group of Hispanic/Latino non-smokers in the target population of the Hispanic Community
Health Study/Study of Latinos (HCHS/SoL) and to investigate its association with prevalent
periodontitis. We hypothesized a positive association between ETS exposure and
periodontitis that differs in magnitude by Hispanic/Latino background. We restricted our
study population to lifetime non-smokers because any effect of ETS on the periodontium of
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smokers would be mixed with those of active mainstream smoke, and current and/or former
smoking behaviors could confound the hypothesized association.

METHODS

Details of the study design, sampling, and data collection have been previously
described?5:27:28_ Briefly, the HCHS/SoL is a multicenter community based cohort study of
16,415 self-identified Hispanics/Latinos designed to investigate risk and protective factors
for chronic health conditions. Eligible 18—74-year-olds of Cuban, Dominican, Mexican,
Puerto Rican, Central and South-American descent were recruited between March 2008 and
June 2011 from randomly selected households in 4 U.S. communities (Bronx, New York;
Chicago, Illinois; Miami, Florida; and San Diego, California) using a stratified two-stage
area probability sampling design. Oversampling of 45-74-year-olds was done in eligible
households, and sampling weights were calculated to reflect this disproportionate sampling.
At baseline, study participants completed interviewer-administered questionnaires and
underwent rigorous clinical, laboratory and oral examinations. Institutional Review Boards
of all relevant institutions approved the study and all participants gave informed consent.

Study participants not requiring antibiotic prophylaxis received a full-mouth periodontal
examination following a standardized protocol. Measures of probing pocket depth (PD) and
gingival recession were recorded on 6 sites [mesio-buccal, mid-buccal, disto-buccal, mesio-
lingual, disto-lingual, and lingual] on all teeth except third molars. Clinical attachment level
(CAL) was calculated as sum of PD and gingival recession. Examiners were recalibrated
annually to a gold standard examiner, with very good to excellent agreement?®.

This investigation defined periodontitis prevalence using the Centers for Disease Control and
Prevention-American Academy for Periodontology (CDC-AAP) definition30-32 and the
proportion of sites (extent) affected by PD >4mm or CAL =3mm. The CDC-AAP defines
severe periodontitis as =2 interproximal sites with CAL of = 6 mm (nhot on the same tooth)
AND = 1 interproximal sites with PD of =5 mm?30-32, Moderate periodontitis is defined as
>2 interproximal sites (not on the same tooth) with CAL of =4 mm OR = 2 interproximal
sites (not on the same tooth) with PD of = 5 mm?30:3, Individuals with moderate or severe
periodontitis were categorized as having periodontitis, non-cases otherwise. Individuals with
<2 recorded interproximal sites were excluded because they did not meet the CDC-AAP
periodontitis criteria. We also defined a case as someone having =30% of sites with PD
>4mm or CAL >3mm (Yes/No)12.

We classified as non-smokers participants who responded “no” to the question: “Have you
ever smoked =100 cigarettes in your entire life?”” Non-smokers of cigarettes who have ever
smoked pipes or cigars were not excluded because our sensitivity analysis excluding these
individuals (n=213) did not meaningfully change the results. We defined exposure to ETS in
two ways: first, as self-report of ever living with a regular cigarette smoker (Yes/No); and
second, as the self-reported average number of hours/week in the past year in close contact
with a smoker. This variable was modeled as continuous and categorized into none, 1-25
hours/week, >25 hours/week to assess whether greater hours of self-reported exposure to
ETS were associated with greater periodontitis prevalence.

Community Dent Oral Epidemiol. Author manuscript; available in PMC 2018 April 01.
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Age and gender were self-reported. Nativity status classified participants as U.S-or foreign-
born. Educational attainment was categorized as: <high school, high school, or >high
school. Body mass index categories were underweight or normal (<25 kg/m?), overweight
(25-<30 kg/m?) and obese (=30 kg/m?). Diabetes was based on the American Diabetes
Association definition33. Those with normal and impaired fasting glucose/impaired glucose
tolerance (fasting glucose between 100-125mg/dl or post oral glucose tolerance test (OGTT)
between 140-199 mg/dl or HbA1C between 5.7 and <6.5%) were categorized as not having
diabetes. Time since last dental visit was categorized into <1, 1-3 and >3 years or never
visited.

Statistical analysis

Of 16,415 HCHS/SoL participants, 9,923 (60.5%) were lifetime non-smokers. Of these,
8,747 (88.1%) had non-missing values on ETS exposure, and had retained at least two teeth
with periodontal examination measurements. Omitted from analysis were participants
missing information on nativity status (n=6), Hispanic/Latino background (n=16), education
(n=18), BMI (n=17), diabetes (n=2) and last dental visit (n=13). Therefore, complete
participant analysis was conducted on 8,675 (99.2%) participants.

Weighted proportions and standard errors for the study population characteristics were
estimated for all groups combined and by Hispanic/Latino background. Likewise, prevalence
estimates for ETS and periodontitis, age-standardized to the 2010 U.S. Census age
distribution3* were calculated using weighted least squares survey regression. Design-
adjusted Wald chi-square tests assessed the association of categorical variables with ETS
and periodontitis respectively. Effect measure modification (EMM) of the ETS-periodontitis
association was assessed using design-adjusted Wald chi-square tests comparing models
with and without product interaction terms between ETS and Hispanic/Latino background,
ETS and age, ETS and gender. The threshold for statistical significant interaction was set at
p <0.10. Separate survey logistic regression for periodontitis based on the CDC-AAP
definition and the proportion of sites affected by PD =4mm or CAL of =3mm, estimated
prevalence odds ratios (POR) and 95% CI. The first model was stratified by Hispanic/Latino
background but did not include any covariate. Subsequent stratified models sequentially
adjusted for age and gender and then nativity status, study center, BMI, time since last dental
visit, and diabetes. The precision of the POR estimates were evaluated with the confidence
limit ratio (upper limit divided by the lower limit with values closer to 1 indicating greater
relative precision)3®. Age was flexibly modeled with a quadratic term. Similarly, survey
logistic regression for the periodontitis estimated POR and 95% CI for categories of ETS,
based on the self-reported average hours/week exposed in the past year. Finally, ETS was
modeled as continuous and the corresponding slope and p-value were reported as the trend
estimate and p-value for trend respectively. Adjusting for the number of teeth present did not
meaningfully affect the results (Supplementary Table 3).

Statistical tests were 2-sided and significance was set at p < 0.05. Statistical tests and data
analysis were performed in SAS v. 9.4 (SAS Institute Cary, NC) accounting for the complex
sampling design and applying weights that account for the unequal sampling probabilities.
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Assessment of potential bias due to exposure misclassification

Previous studies have demonstrated a strong correlation between self-reported smoking
status and serum cotinine levels38:37 but the sensitivity and specificity of self-report is not
100%. Due to the reporting bias inherent in an exposure such as ETS, it is possible for a
higher proportion of non-smokers unexposed to ETS to correctly self-identify than for
exposed non-smokers. Additionally, because our primary definition of ETS exposure was
ever vs. never exposed, the potential for misclassification of true exposure status is likely.
Thus, we conducted a simple sensitivity analysis of potential exposure misclassification on
the ETS-periodontitis association. We specified a range of values for the sensitivity and
specificity of ETS for periodontitis cases and non-cases and estimated a correctly classified
number of exposed and unexposed individuals and the corresponding unadjusted POR. For a
given sensitivity and specificity for periodontitis cases and non-cases, we calculated the

number of correctly classified individuals as: Al=gl-fpn and 31:?11“%38; where: Al is
SeT5p— ¥ Sp—

exposed cases; B1 is exposed non-cases; M1 is total cases; MO-total non-cases; Fp-false

positives; al- exposed cases (observed); b1-exposed non-cases (observed); Se is sensitivity;

Sp is specificity.

RESULTS

The overall mean age (SE) was 38.6 years (0.3), ranging from 33.0 years (1.3) in the mixed/
other background to 43.0 years (0.8) among the Cuban group. There were more women than
men and, except among Puerto Ricans, most of the groups were foreign-born (Table 1).

The overall age-standardized prevalence estimates of ETS exposure and periodontitis (based
on the CDC-AAP definition of moderate or severe periodontitis) were 57.5% (55.9, 59.4)
and 39.8% (38.1, 41.4) respectively, with those of Central American background having the
highest age-standardized prevalence of both ETS exposure (72.8%) and periodontitis
(47.4%) (Table 2). While there was no meaningful difference in the proportion of men
(56.9%) and women (57.7%) exposed to ETS, exposure was highest among the 18-44 year
olds (25.2%) and lowest among those aged =65 years (10.2%). Similarly, exposure to ETS
was greater among foreign (58.5%) than US-born (54.5%) participants, and among those
with diabetes compared to those without diabetes. The age-standardized prevalence of
periodontitis showed an age gradient but was lower among >65-year-olds, and affected
significantly more men (46.5%) than women (35.9%). Foreign-born participants were more
likely than US-born participants to have periodontitis (42.7% vs. 31.7%), as were those with
diabetes (Table 2).

Because the design adjusted Wald test p-value for the ETS*Hispanic/Latino background
interaction was significant (p=0.03), regression analysis results were stratified by Hispanic/
Latino background. We found no significant statistical interaction for ETS*age (p=0.7) or
ETS*gender (p=0.8).

In unadjusted analysis, self-reported exposure to ETS appeared positively associated with
periodontitis in all Hispanic/Latino backgrounds except South Americans (Table 3). POR
(95% CI) estimates range from 1.07 (0.87, 1.66, CLR=1.91) among Central Americans to
1.90 (1.27, 2.88, CLR= 2.24) in Dominicans, who were the only group for whom the

Community Dent Oral Epidemiol. Author manuscript; available in PMC 2018 April 01.
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association reached statistical significance. Upon age and gender adjustment, the magnitude
of the respective PORs was lower in all groups except for the Puerto Rican group. Upon
additional adjustment for confounders, the overall adjusted POR (95% CI) was 1.09 (0.95,
1.26, CLR=1.34) and, the subgroup with the largest magnitude of adjusted POR was the
Puerto Rican group with a POR (95% CI) of 1.76 (1.16, 2.66, CLR=2.29). While the
association in the Cuban, Puerto Rican, Dominican, and Central American groups remained
positive, only the association in the Puerto Rican group reached statistical significance.

Following covariate adjustment, the overall association between the self-reported average
number of hours of exposure to ETS in the past year and periodontitis was positive and
statistically significant (Table 4). As expected, self-reported ETS exposure was positively
associated with having =30% of sites with PD =4mm or CAL =3mm in all subgroups except
the Central and South American and mixed/other backgrounds (Supplementary Table 1).

The simple sensitivity analysis of exposure misclassification indicated that, with lower
sensitivity and specificity of ETS exposure in the scenarios of non-differential exposure
misclassification, the corresponding unadjusted PORs were biased further from the null
relative to the POR we reported. For differential misclassification, the direction of the bias
was hard to predict but the changes seen were within the margin of error of the estimates we
reported (Supplementary Table 2).

DISCUSSION

In this investigation, exposure to ETS was positively but only marginally associated with
periodontitis. While there appear to be modest associations between ETS and periodontitis
in the respective Hispanic/Latino sub-groups, only the positive association in the Puerto
Rican background reached statistical significance.

Those of Cuban background had the highest unstandardized prevalence (results not shown)
of both self-reported ETS exposure and periodontitis while Central-American background
had the corresponding highest age-standardized estimates. As previously reported for this
cohort, those of Cuban, Puerto Rican and Central American backgrounds are most likely
while Dominicans were least likely to be smokers26 therefore, it is not surprising that
exposure to ETS even among non-smokers was higher among Cuban and Central American
backgrounds than in the other subgroups.

This study expands the literature on the association between ETS exposure and periodontitis
in U.S. Hispanic/Latino adults by reporting findings in groups other than those of Mexican
American descent. The study by Arbes et al.}4 used data from the NHANES-I1I and reported
adjusted POR (95% CI) estimate of 1.57 (1.15, 2.16), based on self-reported ETS exposure
at home and the workplace. The 1999-2004 NHANES analysis of Sanders et al.1° used
serum cotinine as the measure of ETS and reported an adjusted POR (95% CI) of 1.60 (1.05,
2.44). The adjusted estimates we reported were of smaller magnitudes but were precisely
estimated based on the CLRs. This mitigates the role of chance in our findings. Possible
reasons for the discrepancy in estimates between this study and prior studies include:
exposure assessment (self-report vs. biomarker), different adjustment covariates and study

Community Dent Oral Epidemiol. Author manuscript; available in PMC 2018 April 01.
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population. A difference in intensity of ETS exposure could also be responsible, since it has
been previously reported that Hispanics/Latinos are more likely than non-Hispanic whites
and African-Americans to reside in areas with smoke-free laws3?. Moreover, a study found
that migrant populations in the U.S. have lower smoking prevalence in the U.S. than in their
country of origin40. If these were the case, then both of these may lead to fewer
opportunities for ETS exposure and likely explain the weak association we found.

Because of the cross-sectional design, the possibility that periodontitis preceded ETS
exposure cannot be dismissed, but it is unlikely that periodontitis caused ETS exposure.
Findings of the sensitivity analysis to assess potential bias due to exposure (ETS)
misclassification were robust to both differential and non-differential exposure
misclassifications, based on the range of values we specified for the sensitivity and
specificity of ETS exposure among cases and non-cases of periodontitis.

This is the first report of this relationship in a diverse sample of Hispanics/Latinos. A
limitation of this study is that prevalence (as opposed to incidence) measures were
estimated, and incidence measures would have been more informative. Even with prevalence
measures, the plausible direction of association is ETS preceding periodontitis and not vice
versa, mitigating concerns about reverse causality. Second, there is a possibility for bias
from misreporting of smoking and/or ETS exposure. Several studies have shown that self-
reported smoking status and exposure to ETS among non-smokers correlate well with serum
cotinine levels among all races/ethnicities except Blacks36:37. Additionally, findings from
our simple sensitivity analysis were robust to bias from potential exposure misclassification.
Third, because our primary exposure was ever vs. never exposed, it is possible that the effect
of ETS exposure on periodontitis may have been diluted by time since exposure to ETS, thus
accounting for the weak effects we reported.

CONCLUSION

Exposure to ETS was associated with marginally higher unadjusted odds of periodontitis,
which was rendered non-significant upon adjustment for confounders. This relationship was
strongest among Puerto Ricans. Even with the varying strengths, ETS exposure contributes
somewhat to the burden of periodontitis in some of the Hispanic/Latino subgroups; thus,
tobacco control efforts may improve the periodontal health of these non-smokers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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