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The goal of this study was to test if oral health outcomes are associated with the

same genetic markers in Black and White individuals who did not have cancer. From

a total of 6,100 subjects from the Dental Registry and DNA Repository project, 1,042

individuals who self-identified as White and 266 as Black without a history of cancer were

included in this analysis. Genotyping data from IRE1—rs196929, RHEB—rs2374261 and

rs1109089, AXIN2—rs2240308 and rs11867417, and RPTOR—rs4396582, present in

cell regulatory pathways, were analyzed. We ran separate analyses in self-reported Black

and White groups to reduce possible confounding effects of population stratification.

Internal diagnostic codes from our dental registry were converted into Phecodes in

order to run the analysis using the PheWAS package, installed in R Studio software.

Periodontitis was associated with RHEB in both Black and White patients, with the minor

allele increasing the likelihood of developing periodontitis in the White group and yielding

a protective effect in the Black individuals. The presence of ulcers and gingivitis were

associated with RPTOR and AXIN2, respectively, in the White group, but an association

was not detected for the Black group. On the other hand, phenotypes such as dental

fracture, diseases of the tongue, attrition, erosion, abrasion, fordyce granules, and torus

and exostosis were uniquely associated with the Black group. Periodontitis associated

with RHEB in both Black and White patients, and associations found in Black individuals

may be the result of social disparities that lead to higher levels of stress, and these

observed differences require further study.
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INTRODUCTION

Disparities in oral health are profound in the US, despite the improvements that in general
happened in the last 50 years. Socioeconomic status, encountering racism, geographic origin
(race/ethnicity), sex, age, geographic location, lifestyle behaviors (tobacco use, alcohol use, dietary
choices), and years of education are variables that correlate with oral health disparities. Disparities
in dental caries, periodontitis, and oral cancer by geographic origin are well-documented (1–3).

In Pittsburgh, which is the largest city of the Appalachian region, an area with some of the worse
health indicators in the country, we created a registry of individuals that have comprehensive oral
health clinical descriptions linked to biological (saliva) samples (4). With this resource, we tested
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the hypothesis that the same genes would show associations
to different phenotypes depending on the disparities affecting
individual ethnic groups. Immunosuppression and treatment for
different types of cancer usually impact oral health outcomes. We
excluded cancer diagnosed individuals because they constitute a
group of patients that have a whole set of specific oral treatment
needs that are different from individuals who do not have a
history of cancer, avoiding confounder effects.

We studied genes that previously showed a correlation with
orofacial phenotypes, including dental phenotypes affecting
enamel and dentin, and soft tissue phenotypes such as diseases
of the tongue, lips, and gums. Our preliminary data showed that
genes present in regulatory pathways such as the mammalian
target of rapamycin (mTOR) and endoplasmic reticulum (ER)
stress pathways associated with one or more dental phenotypes
(5). IRE1, RHEB, and RPTOR are present in pathways involved
in cell proliferation, differentiation, protein synthesis, and
inflammation, and AXIN2 has been associated with craniofacial
phenotypes such as cleft lip and palate and tooth agenesis,
reported in previous studies performed by our group (6) and
others (7–11). Single nucleotide polymorphisms (SNPs) that
were previously associated with oral phenotypes were analyzed
(5, 6). In our previous work, we found significant associations
between periapical lesions due to deep caries lesions in dentin and
RHEB and dental caries and RPTOR. When combining patients
that had concomitant dental caries, periodontitis, and periapical
pathology, several markers in RHEB showed association (5).
Further, a second study we conducted, in which a PheWAS
(phenome-wide association study) was performed in individuals
diagnosed with cancer unveiled that tooth loss/edentulism was
associated with SNPs in AXIN2, and leukoplakia of oral mucosa
was associated with both AXIN2 and RHEB (6). The goal of
the present study was to test if the same genes associate with
distinct oral health outcomes depending on the ethnic group of
individuals who did not have cancer.

METHODS

From our previous research (6), data of 6,100 subjects from the
Dental Registry and DNA Repository project were available and
used in this present study. From the total pool, 1,042 White
and 266 Black patients were included in this analysis. These
individuals were selected because they did not show any signs or
history of cancer, however they were matched by sex, age, and
geographic origin to the individuals that survived cancer in the
sample in our previous study (6). Individuals that survived cancer
have specific dental treatment needs in our sample and were not
included in these analyses. Educational status was not available
for the participants studied. Self-reported smoking and health
history were assessed and followed the expected distributions of
the population. Demographic data and risk factors associated
with oral health outcomes can be found in Table 1. These
data were originally obtained by the dentist when planning the
treatment of the subjects using standard forms. The University of
Pittsburgh Institutional Review Board (IRB # 0606091) approved
this project. Written informed consent documents were obtained

TABLE 1 | Description of study participant demographic characteristics and risk

factors associated with oral health outcomes.

Study subjects

(n = 1,308)

White individuals

(n = 1,042)

Black

individuals

(n = 266)

p-value

Age in years (mean,

range)

60.9 (13–92) 59.5 (18–97) 0.99

Sex (n)

Female 555 151 0.3

Male 487 115

Self-reported

comorbidities

and risk factors (n)

Diabetes 158 70 1.9E-5

Kidney disease 35 10 0.75

High blood pressure 416 151 1.0E-6

Smoking 228 87 0.0002

Depression 161 29 0.06

All mental health issues

(depression, anxiety, and

other psychiatric conditions)

239 39 0.003

t-test was used to compare age means; chi-square was used for all other comparisons.

TABLE 2 | Selected genes, SNPs and minor allele frequencies (MAF) of each

ethnic group in our population.

Gene SNP MAF in White

individuals

MAF in Black

individuals

IRE1 rs196929 T = 0.40 T = 0.34

RHEB rs2374261

rs1109089

T = 0.50

T = 0.50

T = 0.18

T = 0.20

AXIN2 rs2240308

rs11867417

A = 0.45

T = 0.41

A = 0.25

C = 0.44

RPTOR rs4396582 A = 0.49 G = 0.33

from all subjects. Age-appropriate assent documents were used
for children younger than 14 years of age and signed informed
consent documents were obtained from the parents.

Genotyping data from participants’ DNA previously extracted
from all subjects were used. Established protocols for DNA
extraction and genotypic analysis have been previously described
(12). Six SNPS that were selected in our previous studies
(5, 6) and showed association with orofacial phenotypes were
tested here; IRE1—rs196929, RHEB—rs2374261 and rs1109089,
AXIN2—rs2240308 and rs11867417, and RPTOR—rs4396582.
We ran separate analyses in self-reported White and Black
groups to reduce possible confounding effects of population
stratification. Table 2 lists the genes, the selected SNPs and their
minor allele frequencies (MAF) in each group.

Phenotypes tested included dental caries, diseases of the
dental pulp and periapical tissues, diseases of the jaw, missing
teeth or edentulism, ulcer, gingivitis, periodontitis, disorders
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TABLE 3 | PheWAS summary results in the sample of White patients.

Phenotype Gene SNP/allele Odds ratio (95%

confidence interval)

p-value Affected by

the phenotype

Unaffected by

the phenotype

Allele

frequency

Periodontitis RHEB rs1109089/T 1.47 (1.15–1.88) 0.00195 147 812 0.50

RHEB rs2374261/T 1.45 (1.13–1.87) 0.00407 137 779 0.50

Gingivitis AXIN2 rs2240308/A 0.81 (0.66–0.99) 0.04073 256 600 0.45

Ulcer RPTOR rs4396582/A 1.52 (1.01–2.33) 0.04768 50 877 0.51

The table shows p-values between 0.00025 and 0.05.

TABLE 4 | PheWAS summary results in the sample of Black patients.

Phenotype Gene SNP/allele Odds ratio

(95% confidence

interval)

p-value Affected by

the phenotype

Unaffected by

the phenotype

Allele

frequency

Dental fracture RHEB rs2374261/T 2.82 (1.41–5.67) 0.00297 20 207 0.18

RHEB rs1109089/T 2.49 (1.25–4.93) 0.00824 20 230 0.20

Diseases of the tongue RPTOR rs4396582/G 1.73 (1.21–2.53) 0.00321 111 128 0.33

Periodontitis AXIN2 rs2240308/A 0.36 (0.18–0.69) 0.00383 42 182 0.25

RHEB rs1109089/T 0.57 (0.33–0.94) 0.03462 72 178 0.20

Attrition, erosion, abrasion IRE1 rs196929/T 0.45 (0.25–0.77) 0.00593 40 196 0.34

Fordyce granules AXIN2 rs11867417/C 2.02 (1.15–3.66) 0.01643 28 167 0.44

Torus and exostosis RPTOR rs4396582/G 0.64 (0.43–0.95) 0.03317 80 159 0.33

The table shows p-values between 0.00025 and 0.05.

of tooth development or eruption, tooth fracture, sleep related
movement disorders (e.g., bruxism), diseases of salivary
glands, fordyce granules, malocclusion, stomatitis, mucositis,
lingual varicose veins, diseases of the tongue, torus, attrition,
erosion and abrasion, temporomandibular joint disorder,
and candidiasis.

Internal diagnostic codes from the dental registry were
converted into “Phecodes” (13) in order to run the analysis using
the PheWAS package, installed in R Studio software (14). The
software finds specific comparison individuals for each affected
patient according to the range of phenotypes entered in the
PheWAS file. The additive genetic model was the test of choice
whereas allele frequencies are calculated and compared between
the formed groups.

Statistical power of our study to detect associations was
estimated based on the disease prevalence reported by the
Center of Disease Control (https://www.cdc.gov), when available
for the specific oral phenotypes tested here, the number of
cases and controls and the frequency of the associated SNP
risk allele in our population. The calculation of statistical
power for periodontitis, considering a prevalence of 47%, a
marker B in linkage disequilibrium with our test locus A, the
high-risk allele frequency for the allele A (set at 0.1), and
the genotype risks for the Aa and AA genotypes relative to
the baseline aa genotype risk was estimated for the smallest
sample size of 42 cases and a case-control ratio of 1:4 as
72%, whereas the power consistently increases with larger
sample sizes such as the ones available for the White group.
We used a genetic power calculator for the statistical power
analysis (15).

RESULTS

Our results showed that some phenotype associations differ
by ethnic groups. The presence of ulcers and gingivitis were
associated with RPTOR and AXIN2, respectively, in the self-
reportedWhite group (Table 3), and that was not the case for the
self-reported Black group studied. On the other hand, phenotypes
such as dental fracture, diseases of the tongue, attrition, erosion,
abrasion, fordyce granules, and torus and exostosis were unique
to the individuals who identify as Black (Table 4). RHEB was
associated with periodontitis in both groups; however, the minor
allele increases the likelihood of developing the disease in the
White group, whereas it seems to yield a protective effect in
individuals who identify as Black.

DISCUSSION

Population stratification is a concern in genetic studies (16),
and for that reason we decided to run analyses separately in
self-identified Black and White groups, in particular to ask the
question if the same phenotypes associate with the same genetic
markers in the groups. The selection of individuals who did
not have a history of cancer may have allowed for improved
homogeneity, which may have increased statistical power. Only
periodontitis associated with RHEB rs1109089 in both groups.
With this approach, we were able to detect differences between
conditions that those two groups might be susceptible to. Minor
allele frequencies usually vary between different ethnic groups
(17, 18) and creating more homogeneous study populations by
separating the two main groups available in our registry allowed
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us to identify specific orofacial phenotypes related to them. One
can argue that the approach of using self-reported geographic
origin is a limitation. However, it has been reported that an
individual’s self-reported ancestry is sufficient to account for
potential population stratification (19). Additionally, we have
suggested before that there is an adequate consistency between
self-reported and genetically driven geographic origin definitions
in our Dental Registry and DNA Repository project (20).

The results showed that three genes (RHEB, RPTOR,
and AXIN2) showed specific associations depending on the
geographic origin. Black patients were more affected by diseases
of the hard tissues such as dental fracture, attrition, erosion,
abrasion, and torus or exostosis. Conversely, White patients
seemed to be more frequently affected by diseases of the soft
tissues such as gingivitis and ulcers. These associations with
RHEB, RPTOR, and AXIN2 are not easily explained based on
the function of these genes, therefore these differences may
be due to socioeconomic disparities. Over the course of the
project, government-assistance programs in Pennsylvania have
been declining, but still at least ∼50% of patients in our analyses
benefit from this kind of support. These groups are over-
represented by Black individuals. Expected higher frequencies
of cardiovascular risks (21), diabetes (22), smoking (23) were
seen among Black patients in our sample (Table 1). It was also
expected to see less Black individuals self-reporting mental health
issues despite concerns with food insecurity, unemployment,
education, stress, and depressive symptoms, since they tend to
be less served by mental health services (24). Dental fractures,
attrition, and abrasion can be all related to higher levels of
anxiety and poverty (25). We have also previously detected in
our data from the Dental Registry and DNA Repository project
potential bias on the types of treatments offered to Black patients
in comparison to the White patients, with one being offered the
less expensive and esthetic amalgam restorations more often than
the other (26).

Although concerned with multiple testing, we did not apply
the stringent Bonferroni correction and instead compared the
results of the analyses between Black and White individuals.
We reported before that this might be too strict of a correction
which may lead to missing true biological associations (6, 27, 28).
Another limitation present in our study was the low power to
identify significant associations since there was a limited number
of occurrences for a couple of the oral phenotypes. However,
we were able to identify associations for the most common oral
conditions available in the database. Particularly in the analysis
of Black individuals, we found several associations even with a
smaller sample size. Table 1 shows several expected differences
between the two groups and the analyses presented here were not
adjusted by these risk factors and having those concomitant risks

may have impacted the distinct result found. Finally, we were not
able to include additional groups of different geographic origins
because of the lack of diversity in the database that would meet
an adequate sample size for the analysis.

In summary, periodontitis associated with RHEB both in
Black and White individuals with the same allele protecting
Black patients and associating with increased likelihood inWhite
patients. Additional associations found in Black individuals were
not identified in White patients even with a larger sample
size. Considering overall health characteristics and risk factors
such as smoking habits imbalances between the groups, our
results confirm a multifactorial aspect of the oral phenotypes
studied. While this study focused on differences in genetic
associations, social disparities that lead to higher levels of stress
likely influence some of these observed differences and require
further study.
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