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ARTICLE INFO ABSTRACT

Keywords Background: Periodontitis is a severe gum disease that can be an indicator of other health conditions such as
Lyc'opene 'ir'ltake cardiovascular disease and diabetes. Lycopene has been suggested as an adjunct therapy for periodontitis. This
Periodontitis study aims to investigate the association between insufficient lycopene intake and the risk of Periodontitis among

Older adults

. . non-Hispanic White (NHW) and non-Hispanic Black (NHB) older adults.
Racial disparity

Methods: The study included 1,227 adults aged 65-79 years from the National Health and Nutritional Exami-
nation Survey (2009-2014). Total lycopene intake from daily diet was studied with age, race, marital status,
smoking status, BMI, diabetes, sex, and education as independent variables in regression model.

Results: Overall, 48.7% of the older adults exhibited varying degrees of PD, and 49.1% had insufficient dietary
lycopene intake. Adequate lycopene intake was associated with a reduced likelihood of severe PD (odds ratio (O.
R.): 0.33; 95%CI: 0.17—0.65). NHBs were more prone to developing severe PD compared to NHWs (O.R.: 2.82,
95%CI: 1.46—5.45). Women exhibiting a lower likelihood of severe PD than men (O.R.: 0.27; 95% CI:
0.14-0.55). NHW females, who were less likely to have severe PD compared to NHW males (O.R.: 0.26; 95% CIL:
0.12—0.56).

Conclusion: Dietary lycopene intake is associated with reduced risk of severe PD, particularly in NHW individuals
over 65 years old. PD was more common in men and NHB individuals, with a latter group showing a higher
prevalence of severe PD. Our results suggest that future PD prevention strategies should consider targeted, race-
and sex-specific dietary interventions.

1. Introduction lycopene intake, a non-provitamin alpha-carotenoid, presents a modi-
fiable preventative measure. Studies have established a significant cor-

Periodontitis (PD), as one type of periodontal disease it affects over relation between lycopene as an adjunct to professional dental cleanings

70% of United States adults age over 65 years old [1]. Previous studies and PD [7-9]. In this study, we aim to explore the association of dietary

observed racial disparity of PD in non-Hispanic White (NHW) and lycopene intake and risk of severe PD in minority older adults.

non-Hispanic Black (NHB) adults with an indication that PD is a risk

factor for other chronic, and potentially more serious health conditions 2. Methods

resulting in more than just edentulism [2-6]. While non-modifiable

factors like age, sex, and race influence PD disparities, dietary Three consecutive two-year survey cycle datasets (2009-2014) were
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combined and extracted from the U.S. Centers for Disease Control and
Prevention’s National Health and Nutrition Examination Survey
(NHANES) dataset. The study included 1,227 adults aged 65-79 years
with complete responses on lycopene intake and oral health records.
Lycopene consumption was determined using a two-day dietary inter-
view questionnaire assessing total intake based on participant recall.
NHANES employs a multistage, stratified, probability-cluster sampling
method under the supervision of the National Center for Health Statis-
tics of the CDC) [10]. Trained staff conducted in-person, face-to-face
interviews with qualified participants in their homes. Oral health ex-
aminations were performed in a mobile examination center (MEC). In-
dividual demographic and health-related information was collected
through examination. The National Center for Health Statistics Research
Ethics Review Board revised and approved the survey protocol [11]. All
participants signed a paper-based informed consent form.

3. Measurements

The main exposure of interest for this work was lycopene intake and
PD status was the primary outcome. We defined lycopene intake cut-off
level as >8000mcg as sufficient and <8000 mcg as insufficient from
daily food [12]. Three levels of PD, severe, mild, and moderate are
defined as by following the reference [13]. Given that mild PD preva-
lence did not consistently increase with age [13], mild and moderate PD
groups were combined into a single non-severe PD group and compared
to the severe PD group. Other social demographic variables, i.e. age,
race, sex, are also considered with education, smoking status [14],
marital status [15]. and body mass index [16] in this study.

4. Statistical analysis

Descriptive statistics were used to summarize participant de-
mographics, lycopene intake, smoking status, and clinical characteris-
tics based on PD status (severe to none). The associations between these
factors and PD status were tested using the Rao-Scott Chi-square test for
categorical variables and Fisher’s exact test for small samples. A one-
way Analysis of Variance test was used to examine differences in
continuous variables. All analyses were performed in R (3.6.3) using the
“survey” package [17]. Survey-weighted multinomial logistic regression
models included age, sex, race, smoking status, and education as cova-
riates. Multicollinearity was absent in all variables. All tests were
two-sided, and statistical significance was defined as a p-value <0.05.

5. Results

The study included a total of 1,227 NHW and NHB older adults aged
65-79 years from NHANES 2009—2014. Table 1 presents the weighted
percentages and raw sample sizes for demographics and lycopene intake
by PD level. Overall, 22.1% of participants (n = 246) had sufficient
lycopene intake, while 77.9% (n = 981) had insufficient intake. The self-
reported daily lycopene intake was 3847 + 360 mcg for participants
with severe PD, 5452 + 498 mcg for non-severe PD, and 5278 + 338
mcg for those with no PD (p = .006). The prevalence of all levels of PD
was 48.7%. NHB older adults had a higher prevalence of severe and
overall PD compared to NHW older adults (12.2% vs 4.86% and 55.6%
vs 47.86%, respectively; p = .0004). The mean age of individuals
diagnosed with severe PD was 69.9 + 0.4 years, compared to other
groups (p = 0.17). Although NHB individuals constituted only 10.5% of
the participants, they accounted for approximately 12.2% of severe PD
diagnoses, nearly three times higher than NHW individuals (p =
0.0004). Older adults with sufficient dietary lycopene had fewer di-
agnoses of severe PD (2.4% vs. 6.5%, respectively, p = 0.04). The severe
PD ratio was also high among current smokers (18.8%), four times
greater than never and former smokers (4.6% and 4.1%, respectively, p
= 0.0001). Additionally, fewer older female adults had severe PD
compared to older male adults (3.1% vs. 8.3%, respectively, p = 0.001).
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Table 1
Factors associated with different degrees of periodontitis in older adults aged 65
years and older (weighted).

Characteristics Overall Severe Non- Normal p-
PD severe Value
PD
Total, n (%) 1,227 98 (5.6) 531 598
(43.1) (51.3)
Mean lycopene intake 5,273 3,847 5,452 5,278 0.006
+ SEM (mcg) (318) (360) (498) (338)
Mean age + SEM 70.5 69.9 70.6 70.5 0.17
(year) (0.1) (0.4) (0.2) (0.2)
Lycopene intake, n 0.04
(%)
Insufficient 981 81 (6.5) 424 476
(77.9) (42.6) (50.9)
Sufficient 246 17 (2.4) 107 122
(22.1) (44.7) (52.9)
Race/ethnicity, n (%) 0.0004
non-Hispanic White 875 51 (4.9) 377 447
(89.5) (43.0) (52.1)
non-Hispanic Black 352 47 154 151
(10.5) (12.2) (43.4) (44.9)
Education, n (%) 0.14
Less than high school 269 25 (5.5) 98 (35.6) 146
(16.0) (58.9)
High school or more 956 73 (5.7) 431 452
(84.0) (44.3) (50.0)
Smoking status, n (%) 0.0001
Never smoker 553 41 (4.6) 233 279
(47.1) (43.8) (51.6)
Former smoker 542 38 (4.1) 253 251
(44.2) (44.5) (51.3)
Current smoker 120 19 42 (34.9) 59
(8.7) (18.8) (46.3)
Sex, n (%) 0.001
Male 624 70 (8.3) 288 266
(48.1) (45.3) (46.3)
Female 603 28 (3.1) 243 332
(51.9) (40.9) (56.0)
Age, n (%) 0.73
65-70 570 51 (6.1) 257 262
(52.9) (43.9) (50.0)
71-79 657 47 (5.1) 274 336
(47.1) (42.1) (52.8)
Marital status, n (%) 0.53
Living with a partner 769 57 (5.5) 330 382
(69.4) (42.2) (52.4)
Living alone 458 41 (6.0) 201 216
(30.6) (45.1) (48,9)
Diabetes Status, n (%) 0.89
Diabetes free 288 19 (6.9) 129 140
(18.2) (45.6) (47.5)
Diabetes 886 75 (5.1) 380 431
(77.2) (42.7) (52.2)
Body mass index, n 0.79
(%)
Under/normal 340 31 (4.6) 144 165
weight (29.5) (43.8) (48.8)
Overweight 457 36 (4.8) 200 221
(37.2) (43.9) (51.2)
Obese 423 31 (6.5) 42 (40.0) 59
(33.3) (53.5)

Notes: SEM: standard error of the mean; PD: periodontitis.

Overall, lycopene intake, sex, smoking, and race were significant risk
factors for PD levels in this study.

The computed results from weighted multinomial logistic regression
models are given in Table 2. After adjusting for covariables, participants
with sufficient lycopene intake had 0.33 times odds (95% confidence
interval (C.I): 0.17-0.65, p = 0.002) associated with severe PD,
compared to older adults who have insufficient lycopene intake. NHB
has 2.82 times odds (95% C.I.: 1.46—5.45, p = 0.003) associated with
severe PD in comparison to NHW. Female participants have 0.27 times
odds of severe PD, compared to male participants (95% C.I.: 0.14—0.55,
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Table 2
Factors associated with severe PD and non-severe PD.
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Severe PD Non-severe PD
Variables Adjusted O.R. 95%C.1. p-Value Adjusted O.R. 95%C.1L. p-Value
Lycopene intake 0.002 0.90
Insufficient [Ref] [Ref]
Sufficient 0.33 0.17-0.65 0.97 0.64-1.49
Race/ethnicity
non-Hispanic White [Ref] 0.003 [Ref] 0.12
non-Hispanic Black 2.82 1.46-5.45 1.32 0.93-1.87
Smoking status
Never smoker [Ref] [Ref]
Former smoker 0.70 0.33-1.48 0.33 0.99 0.63—-1.54 0.95
Current smoker 3.29 1.55-6.97 0.002 0.86 0.44-1.70 0.66
Education 0.4 0.09
Less than high school [Ref.] [Ref]
High school or more 1.49 0.58—3.84 1.50 0.93—2.42
Sex 0.0007 0.09
Male [Ref] [Ref]
Female 0.27 0.14-0.55 0.73 0.50-1.06
Age
65-70 [Ref] [Ref]
71-79 0.91 0.46—-1.82 0.78 0.90 0.57-1.43 0.65

Notes: C.I.: confidence interval; Ref: reference; O.R.: odds ratio.

p = 0.0007). Further moderation analysis confirmed race as a moderator
between dietary lycopene intake and severe PD (p < 0.0001).

Results of stratification analysis between NHW and NHB are given in
Table 3. For NHW, female participants have 0.26 times odds (95% C.1.:
0.12—-0.56, p = 0.001) associated with severe PD compared to males.
And NHW participants with sufficient lycopene intake had 0.13 times
odds associated with severe PD (95% C.I.: 0.05—0.37, p < 0.0001),
compared to those with insufficient intake. Such association between
severe PD and sex/lycopene intake was not observed in NHB.

6. Discussion

The study population largely consumed insufficient dietary lycopene
(77.9%). Along with dietary lycopene, race, sex, and smoking status
were risk factors for severe PD, with NHB individuals, men, and current
smokers at higher risk. This analysis corroborates existing literature
indicating variability in PD between NHB and NHW older adults [5].
NHB women had higher severe PD odds than NHW women, with race
moderating lycopene intake and severe PD. Existing research suggests
potential biological and social factors contributing to this racial

Table 3
Factors associated with PD across different race groups.

disparity, including genetic predisposition, inflammation, and acid
production from sugary food consumption, potentially leading to gum
disease [18,19]. Aggressive PD forms have shown familial aggregation
within the NHB community, suggesting a genetic predisposition [20].
This analysis reinforces the literature’s finding of variability in PD be-
tween NHB and NHW older adults [5].

However, this analysis suggests that dietary lycopene intake may
also explain the racial disparity in PD development. Lycopene intake is
significantly higher in NHW individuals, while severe PD prevalence is
lower [21]. NHB older adults’” higher PD prevalence may stem from how
additional preventative PD measures were determined for this analysis.
Prior studies acknowledge racial disparities in oral health but rarely
emphasize PD in older adults or analyze modifiable risk factors centered
on nutrition instead of preventative dental care or non-modifiable fac-
tors [22].

This study also examined sex’s impact on PD prevalence. Older fe-
males were significantly less likely to have PD than males, with
approximately half the likelihood of developing severe or non-severe PD
(OR = 0.27 and 0.73). Men are less likely to seek preventative dental
care, use tobacco at higher rates, and have hormonal differences [23].

non-Hispanic Black

Severe PD Non-severe PD
Variables Adjusted O.R. 95%C.1. p-Value Adjusted O.R. 95%C.1. p-Value
Lycopene intake 0.15 0.41
Insufficient [Ref] [Ref]
Sufficient 2 0.76—-5.26 0.73 0.34-1.57
Sex 0.13 0.87
Male [Ref] [Ref]
Female 0.37 0.11-1.37 0.94 0.44-2.03

non-Hispanic White

Severe PD Non-Severe PD
Variables

Adjusted O.R. 95%C.1. p-Value Adjusted O.R. 95%C.1. p-Value
Lycopene intake <0.0001 0.95
Insufficient [Ref] [Ref]
Sufficient 0.13 0.05-0.37 1.01 0.69-1.54
Sex 0.001 0.08
Male [Ref] [Ref]
Female 0.26 0.12—-0.56 0.72 0.51-1.03

Notes: C.L: confidence interval; Ref: reference; O.R.: odds ratio.
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Moreover, race mediated the impact of dietary lycopene intake and PD.
Higher lycopene consumption correlated with lower PD likelihood in
older adults. However, this study found that insufficient lycopene intake
had a higher severe PD odds ratio. Potential explanations include the
known irreversibility of PD. Thus, individuals informed of mild PD and
the risk of severe PD may act to reduce the risk of developing a more
severe form of the disease.

A comprehensive literature review by Leite [24] corroborates that
smoking detrimentally affects PD and its progression. Differences in
smoking prevalence across U.S. racial groups are well-documented [25].
However, dietary lycopene has shown protective effects against
tobacco-promoted changes like non-alcoholic steatohepatitis in animal
models [26]. Consequently, although smoking prevalence was 8.7% in
this study population, dietary lycopene intake may explain the observed
racial and sex disparities in severe PD.

This analysis has limitations. First, while professional oral care and
dental insurance can prevent PD and alleviate associated costs, the
NHANES dataset does not record dental insurance status [27]. Health
insurance status, which NHANES records, cannot indicate dental in-
surance, as preventative dental insurance is not always included in
general health insurance. Additionally, while all participants were over
65 and eligible for Medicare, Medicare rarely covers routine dental
cleanings [28]. Older adults can also opt for Marketplace coverage via
the Affordable Care Act (ACA) instead of Medicare but must pay a Part A
premium. However, ACA treats dental coverage differently based on the
enrollee’s age. While essential for individuals under 18, dental coverage
is not essential for older adults, and Marketplace health plans are not
required to offer it [29]. This is a challenge when conducting secondary
data analysis with the NHANES dataset. Furthermore, routine profes-
sional oral care, a key preventative measure, was not considered due to
unavailable data. Although prior studies indicate that preventative
dental treatments lower PD risk, this factor was not included here.
Numerous external factors, linked to PD prevention by other studies,
were not considered in this analysis, possibly impacting PD prevalence
and individual dietary lycopene consumption. In addition, the number
of individuals with severe PD (n = 98), divided into subcategories, was
small and this could explain the large confidence intervals and the lack
of difference in certain external factors.

Although lycopene intake was calculated as total dietary intake and
not by source, this study concludes that there is a relationship between
severe PD prevalence and lycopene intake, potentially contributing to
the observed racial/ethnic and sex disparities between NHW and NHB
older adults and PD. However, this analysis cannot determine whether
lycopene consumption and PD differ between food and supplement
sources. The distinction between lycopene intake from food versus
supplements may affect periodontitis, as prior studies have shown that
lycopene could be a useful antioxidant adjunctive treatment for peri-
odontal disease [30]. Certain lycopene-containing foods may impact
inflammation and acid production in the oral cavity, possibly affecting
gum disease prevalence via increased blood or oral cavity levels. While
this study concludes that dietary lycopene intake correlates with severe
PD in older adults, it does not determine how the lycopene vehicle im-
pacts PD.

7. Conclusion

This study aimed to explore the association between insufficient
lycopene intake and PD risk in NHW and NHB older adults. Overall,
insufficient lycopene intake was a risk factor for PD development. While
this study could not distinguish between dietary lycopene sources, its
conclusions indicate that dietary lycopene intake predicts severe PD in
NHW individuals aged 65-79 years. This cross-sectional study’s findings
suggest that targeted interventions using dietary lycopene as a preven-
tative measure to delay or prevent PD onset should be race and sex
specific. However, further longitudinal and/or randomized controlled
trials are needed to determine whether the observed correlation
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between dietary lycopene intake and PD is causal and whether
increasing dietary lycopene intake to sufficient levels effectively pre-
vents and slows PD progression.

CRediT authorship contribution statement

K.K. and Y.L. contributed equally to this study. K.K. contributed to
the original literature review, the conception and design of this study. Y.
L. contributed to the conception, design and database organization of
the study. Y.L., Z.C., and ZH.L. performed the statistical analysis in R.
ZY.H. performed the statistical analysis in Python. K.K. and T.L. cross-
validated this study. T.S.T. and N.Z. supervised this study. All authors
contributed to manuscript writing.

Ethics approval and consent to participate

The study used publicly available datasets that meet the federal
regulation at 46 CFR 46.102.

Declaration of Generative Al and Al-assisted technologies in the
writing process

The author(s) are declaring that no Al or Al-assisted technologies
were used in the writing process.

Funding

N.Z. and ZY.H have been supported by the National Natural Science
Foundation of China under Grant No. 62066048 and No. 62366057.

Data and code availability

Publicly available datasets were analyzed in this study. This data can
be found at: https://www.cdc.gov/nchs/nhanes/index.htm. The anal-
ysis code will be provided upon request.

Declaration of competing interest

The authors have no relevant financial or non-financial interests to
disclose.

Acknowledgements
Not applicable.

References

[1] Clinic C. Periodontitis (gum disease): Symptoms, stages & treatment. Cleveland
Clinic; 2022. October 4.

[2] Fagundes NCF, Almeida APCPSC, Vilhena KFB, Magno MB, Maia LC, Lima RR.
Periodontitis as a risk factor for stroke: a systematic review and meta-analysis. Vasc
Health Risk Manage. 2019:519-32.

[3] Minty M, Canceil T, Serino M, Burcelin R, Tercé F, Blasco-Baque V. Oral
microbiota-induced periodontitis: a new risk factor of metabolic diseases. Rev
Endocrine Metab Disord. 2019;20:449-59.

[4] Del Pinto R, Pietropaoli D, Munoz-Aguilera E, D’Aiuto F, Czesnikiewicz-Guzik M,
Monaco A, et al. Periodontitis and hypertension: is the association causal? High
Blood Pressure Cardiovasc Prevent. 2020;27:281-9.

[5] Gillone A, Martinez Luna AA, Wu Q, Camargo G, Moss ME, Murata RM, et al. Racial
and ethnic disparities in periodontal health among adults seeking dental care in
rural North Carolina Communities: a retrospective study. J Periodontol. 2023;94
(3):364-75.

[6] LuY, Yoshida Y. Trends and Risk Factors of Oral Health and Preventive Dental Care

in Adults with Diabetes and Prediabetes— National Health and Nutrition

Examination Survey 1999-2000 to 2017-2020. Endocrine Pract. 2025.

Belludi SA, Verma S, Banthia R, Bhusari P, Parwani S, Kedia S, et al. Effect of

lycopene in the treatment of periodontal disease: a clinical study. J Contemp

Dental Pract. 2014;14(6):1054-9.

[8] Viswa Chandra R, Sandhya YP, Nagarajan S, Harish Reddy B, Naveen A,

Murthy KRV. Efficacy of lycopene as a locally delivered gel in the treatment of
chronic periodontitis: smokers vs nonsmokers. Quintessence Int 2012;43(5).

[7

—


https://www.cdc.gov/nchs/nhanes/index.htm
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0005
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0005
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0010
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0010
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0010
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0015
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0015
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0015
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0020
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0020
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0020
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0025
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0025
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0025
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0025
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0030
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0030
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0030
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0035
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0035
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0035
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0040
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0040
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0040

K. Kwong et al.

9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

Reddy PVN, Ambati M, Koduganti R. Systemic lycopene as an adjunct to scaling
and root planing in chronic periodontitis patients with type 2 diabetes mellitus.

J Int Soc Prevent Commun Dent. 2015;5(Suppl 1):525.

Prevention CfDCa. National Health and Nutrition Examination Survey.
Prevention CfDCa. National Health and Nutrition Examination Survey. NCHS
Researc hEthhics Review BOard (ERB) Approval.

Giovannucci E, Rimm EB, Liu Y, Stampfer MJ, Willett WC. A prospective study of
tomato products, lycopene, and prostate cancer risk. J Natl Cancer Inst. 2002;94
(5):391-8.

Eke PI, Borgnakke WS, Genco RJ. Recent epidemiologic trends in periodontitis in
the USA. Periodontology 2000 2020;82(1):257-67.

McClave AK, Dube SR, Strine TW, Mokdad AH. Associations between health-
related quality of life and smoking status among a large sample of US adults.
Prevent Med 2009;48(2):173-9.

Sanderson M, Coker AL, Perez A, Du XL, Peltz G. A multilevel analysis of
socioeconomic status and prostate cancer risk. Ann Epidemiol 2006;16(12):901-7.
De Giorgi U, Procopio G, Giannarelli D, Sabbatini R, Bearz A, Buti S, et al.
Association of systemic inflammation index and body mass index with survival in
patients with renal cell cancer treated with nivolumab. Clin Cancer Res. 2019;25
(13):3839-46.

Lumley T. Analysis of complex survey samples. J Stat Software 2004;9:1-19.
Shanmugasundaram S, Karmakar S. Excess dietary sugar and its impact on
periodontal inflammation: a narrative review. BDJ Open 2024;10(1):78.
Timmerman M, Van der Weijden G. Risk factors for periodontitis. Int J Dental
Hygiene 2006;4(1):2-7.

Yoshida A, Bouziane A, Erraji S, Lakhdar L, Rhissassi M, Miyazaki H, et al. Etiology
of aggressive periodontitis in individuals of African descent. Jpn Dental Sci Rev.
2021;57:20-6.

[21]

[22]
[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

The Journal of nutrition, health and aging 30 (2026) 100759

Arab L, Cambou MC, Craft N, Wesseling-Perry K, Jardack P, Ang A. Racial
differences in correlations between reported dietary intakes of carotenoids and
their concentration biomarkers. Am J Clin Nutr 2011;93(5):1102-8.

Han C. Oral health disparities: racial, language and nativity effects. SSM-
Population Health. 2019;8:100436.

Lipsky MS, Su S, Crespo CJ, Hung M. Men and oral health: a review of sex and
gender differences. Am J Men Health 2021;15(3):15579883211016361.

Leite FR, Nascimento GG, Scheutz F, Lopez R. Effect of smoking on periodontitis: a
systematic review and meta-regression. Am J Prev Med 2018;54(6):831-41.
Arrazola RA, Griffin T, Lunsford NB, Kittner D, Bammeke P, Courtney-Long EA,
et al. Peer Reviewed: US Cigarette Smoking Disparities by Race and
Ethnicity—Keep Going and Going! Prevent Chronic Dis. 2023:20.

Rakic JM, Liu C, Veeramachaneni S, Wu D, Paul L, Ausman LM, et al. Dietary
lycopene attenuates cigarette smoke-promoted nonalcoholic steatohepatitis by
preventing suppression of antioxidant enzymes in ferrets. J Nutr Biochem 2021;91:
108596.

Duffy EL, Kranz AM, Dick AW, Sorbero M, Stein BD. Association between type of
health insurance and children’s oral health, NHANES 2011-2014. J Public Health
Dent. 2018;78(4):337-45.

Medicare.gov. Dental Services. (https://www.medicare.gov/coverage/dental-se
rvices#:~:text=In%20most%20cases%2C%20Medicare%20doesn,extractions%2C
%2001%20items%20like%20dentures).

Health benefits & coverage. (https://www.healthcare.gov/coverage/dental-cover
age).

Lopez-Valverde N, Lopez-Valverde A, Macedo de Sousa B, Blanco Rueda JA.
Systematic review and meta-analysis of the antioxidant capacity of lycopene in the
treatment of periodontal disease. Front Bioeng Biotechnol. 2024;11:1309851.


http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0045
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0045
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0045
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0060
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0060
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0060
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0065
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0065
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0070
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0070
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0070
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0075
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0075
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0080
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0080
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0080
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0080
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0085
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0090
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0090
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0095
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0095
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0100
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0100
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0100
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0105
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0105
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0105
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0110
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0110
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0115
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0115
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0120
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0120
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0125
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0125
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0125
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0130
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0130
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0130
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0130
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0135
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0135
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0135
https://www.medicare.gov/coverage/dental-services#:~:text=In%20most%20cases%2C%20Medicare%20doesn,extractions%2C%20or%20items%20like%20dentures
https://www.medicare.gov/coverage/dental-services#:~:text=In%20most%20cases%2C%20Medicare%20doesn,extractions%2C%20or%20items%20like%20dentures
https://www.medicare.gov/coverage/dental-services#:~:text=In%20most%20cases%2C%20Medicare%20doesn,extractions%2C%20or%20items%20like%20dentures
https://www.healthcare.gov/coverage/dental-coverage
https://www.healthcare.gov/coverage/dental-coverage
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0150
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0150
http://refhub.elsevier.com/S1279-7707(25)00284-2/sbref0150

	Lycopene, Race and Periodontitis: Disparities in Older Adults
	1 Introduction
	2 Methods
	3 Measurements
	4 Statistical analysis
	5 Results
	6 Discussion
	7 Conclusion
	CRediT authorship contribution statement
	Ethics approval and consent to participate
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Funding
	Data and code availability
	Declaration of competing interest
	Acknowledgements
	References


