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[Abstract] Objective To explore the characteristics of the diversity and composition of oral microbial flora with
age, and to provide a reference for understanding the succession of oral microecology at different ages. Methods  Oral
rinse 16S TRNA (V4 region) sequencing data from 9 021 participants 14-69 years of age in the 2009-2012 National
Health and Nutrition Examination Survey (NHANES) were analyzed. Alpha diversity (Observed OTUs, Faith’ s PD,
Shannon Index), beta diversity (Bray — Curtis and UniFrac), and genus-level composition were examined using weighted
generalized linear models (GLMs), including quadratic terms for age and adjusting for key covariates (gender, race/eth-

nicity, BMI, smoking status, and periodontitis severity). Results ~Alpha diversity demonstrated a clear inverted U-
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shaped trajectory across age, peaking at 25-30 years old and declining thereafter. This trend remained consistent across
sex, race, smoking, and periodontal health strata. Beta diversity analyses revealed a modest but steady age-related shift
in community structure. Genus-level analyses revealed that Rothia, Prevotella_6, and Lactobacillus increased steadily
with age, while Haemophilus, Porphyromonas, and Corynebactertum declined significantly. Notably, potential periodonto-
pathogens, such as Fusobacterium and Treponema_2, peaked in early adulthood before declining with age. Conclusion
Age is an important driver of oral microbial succession, and the oral microbiome exhibits dynamic changes across differ-

ent life stages. Future longitudinal and multi-omic studies are warranted to elucidate the mechanisms underlying these

age-related trajectories.
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Table 1 = General characteristics of the study sample
Variables Categories Weighted (%) Variables Categories Weighted (%)
Age / years 14 - 29 30.7 Dental caries No decay 87.6
30 - 44 27.4 Decay 124
45 - 69 419 Number of missing teeth 0 43.6
Gender Male 50.8 1-4 27.7
Female 49.2 5-9 7.2
Race Mexican - American 10.0 =10 9.2
Non-Hispanic White 63.1 Missing 12.3
Non-Hispanic Black 12.8 Periodontal status No PD 34.6
Others 14.1 Mild PD 4.0
Educational level < High school 23.7 Moderate PD 17.2
High—school degree or higher 19.7 Severe PD 5.5
College degree or higher 56.5 Edentulous 2.4
Missing 0.1 < 30 years old 30.7
Family income to poverty ratio < 1.30 24.0 Missing 5.6
1.30 - 1.85 9.8 Diabetes Normal 58.2
> 1.85 59.3 Prediabetes 30.5
Missing 6.9 Diabetes 7.8
BMI / (kg/m*) 15-259 34.8 Missing 3.5
25-29.9 31.2 Hypertension Normal 68.9
=30 335 PreHTN 17.9
Missing 0.5 Hypertension 10.4
Smoking Never smoker 49.8 Missing 2.8
Ever smoker 19.1 CVD No CVD 87.3
Current smoker 19.5 CVD 4.7
Not asked 8.1 Not asked 8.0
Missing 35 CRD No CRD 83.0
Alcohol use Never drinker 16.1 CRD 17.0
Former drinker 67.8 Cancer No cancer 85.9
Not asked 8.1 Cancer 6.0
Missing 8.0 Not asked 8.1
Flossing Never 21.0
Occasionally 26.6
Regularly 20.4
Not asked 30.7
Missing 1.3

PD: periodontal disease. CVD: cardiovascular disease; CRD: chronic respiratory disease. The lower the family income to poverty ratio is, the worse the

economic capacity is
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Observed OTUs, Faith’s PD, and Shannon Index exhibited a distinct inverted U-shaped pattern across age, peaking between ages 25 - 30 years
old before declining with increasing age. No significant trend was observed for the Simpson Index (a). Stratified analyses were performed by gender
and ethnicity (b-c)

Figure 1 Age-related trends in oral microbial a-diversity and subgroup analysis by gender and ethnicity
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Oral microbiome « -diversity metrics are presented across ages in subgroups defined by smoking (a) and periodontal status (b). Both Observed

OTUs and Faith’s PD exhibited an inverted U-shaped trend with age across all subgroups, consistent with the overall sample. PD: periodontal dis-

ease

Figure 2 Age-related trends in oral microbial a-diversity, stratified by smoking status and periodontal health
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PCoA plots revealed a gradual shift in sample distribution along age, without clear clustering, suggesting a subtle compositional drift with increas-
ing age. PERMANOVA analyses confirmed that age significantly influenced B -diversity, with R* ~ 1.5%-1.6% across all distance metrics. (a-c)
PCoA plots based on Bray - Curtis, Unweighted UniFrac, and Weighted UniFrac distances (NHANES 2009 - 2012, n = 9 021). (d-f) Distribution
of samples in PCoA space across different age groups (14-29, 30-44, and 45-69 years). (g-i) PERMANOVA results from 50 permutations showing
the effect of age on community composition for each distance metric. PCoA: principal coordinate analysis; CVD: cardiovascular disease; CRD:
chronic respiratory disease.
Figure 3 Principal coordinate analysis and PERMANOVA results evaluating age-related differences in oral microbiome B-diver-

sity
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The oral microbiome composition at the phylum level exhibits a gradual and structured shift with age, marked by distinct directional changes in

several key phyla

Figure 4 Age-related trends in oral microbiome composition at the phylum level
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At the genus level, the oral microbiome exhibits a wide range of age-related dynamics. Several genera, including Rothia, Prevotella_6, and Lactoba-
ctllus, increased steadily with age, while others such as Haemophilus and Porphyromonas declined. Notably, Parvimonas, Fusobacterium, and Trepo-

nema_2 followed a nonlinear pattern, peaking in early adulthood before decreasing in later life

Figure 5 Age-related trends in oral microbiome composition at the genus level
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