
UC Irvine
UC Irvine Previously Published Works

Title
Chronic Periodontitis Genome-wide Association Study in the Hispanic Community Health 
Study / Study of Latinos

Permalink
https://escholarship.org/uc/item/8998m0fv

Journal
Journal of Dental Research, 96(1)

ISSN
1045-4411

Authors
Sanders, AE
Sofer, T
Wong, Q
et al.

Publication Date
2017

DOI
10.1177/0022034516664509
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8998m0fv
https://escholarship.org/uc/item/8998m0fv#author
https://escholarship.org
http://www.cdlib.org/


Journal of Dental Research
2017, Vol. 96(1) 64 –72
© International & American Associations 
for Dental Research 2016
Reprints and permissions: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0022034516664509
jdr.sagepub.com

Research Reports: Clinical

664509 JDRXXX10.1177/0022034516664509Journal of Dental ResearchChronic Periodontitis Genome-wide Association Study
research-article2016

1Department of Dental Ecology, School of Dentistry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA
2Department of Biostatistics, University of Washington, Seattle, WA, USA
3Oral and Craniofacial Health Sciences, School of Dentistry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA
4Department of Human Genetics, Graduate School of Public Health, University of Pittsburgh, Pittsburgh, PA, USA
5Department of Periodontology and Center for Oral and Systemic Diseases, School of Dentistry, University of North Carolina at Chapel Hill, Chapel 
Hill, NC, USA
6Department of Epidemiology and Department of Population Health, Albert Einstein College of Medicine and Montefiore Medical Center, New York 
City, NY, USA
7Department of Epidemiology, Gillings School of Global Public Health, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA
8Center for Craniofacial and Dental Genetics, School of Dental Medicine, University of Pittsburgh, Pittsburgh, PA, USA
9Department of Oral Biology, School of Dental Medicine, University of Pittsburgh, Pittsburgh, PA, USA
10Department of Psychiatry, School of Medicine, University of Pittsburgh, Pittsburgh, PA, USA
11Clinical and Translational Science Institute, School of Medicine, University of Pittsburgh, Pittsburgh, PA, USA
12Department of Public Health Sciences, Miller School of Medicine, University of Miami, Miami, FL, USA
13Department of Biostatistics, Gillings School of Global Public Health, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA
14Graduate School of Public Health, San Diego State University, San Diego, CA, USA
15Department of Pediatric Dentistry, School of Dentistry, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

A supplemental appendix to this article is published electronically only at http://jdr.sagepub.com/supplemental.

Corresponding Author:
A.E. Sanders, University of North Carolina at Chapel Hill, Koury Oral Health Sciences Building, 385 South Columbia Street, Chapel Hill, NC North 
Carolina 27599-7450, USA. 
Email: Anne_Sanders@unc.edu

Chronic Periodontitis Genome-wide 
Association Study in the Hispanic 
Community Health Study / Study  
of Latinos

A.E. Sanders1, T. Sofer2, Q. Wong2, K.F. Kerr2, C. Agler3, J.R. Shaffer4, J.D. Beck1, 
S. Offenbacher5, C.R. Salazar6, K.E. North7, M.L. Marazita4,8,9,10,11, C.C. Laurie2,  
R.H. Singer12, J. Cai13, T.L. Finlayson14, and K. Divaris7,15

Abstract
Chronic periodontitis (CP) has a genetic component, particularly its severe forms. Evidence from genome-wide association studies 
(GWASs) has highlighted several potential novel loci. Here, the authors report the first GWAS of CP among a large community-
based sample of Hispanics/Latinos. The authors interrogated a quantitative trait of CP (mean interproximal clinical attachment level 
determined by full-mouth periodontal examinations) among 10,935 adult participants (mean age: 45 y, range: 18 to 76 y) from the 
Hispanic Community Health Study / Study of Latinos. Genotyping was done with a custom Illumina Omni2.5M array, and imputation to 
approximately 20 million single-nucleotide polymorphisms was based on the 1000 Genomes Project phase 1 reference panel. Analyses 
were based on linear mixed models adjusting for sex, age, study design features, ancestry, and kinship and employed a conventional P < 
5 × 10-8 statistical significance threshold. The authors identified a genome-wide significant association signal in the 1q42.2 locus (TSNAX-
DISC1 noncoding RNA, lead single-nucleotide polymorphism: rs149133391, minor allele [C] frequency = 0.01, P = 7.9 × 10-9) and 4 more 
loci with suggestive evidence of association (P < 5 × 10-6): 1q22 (rs13373934), 5p15.33 (rs186066047), 6p22.3 (rs10456847), and 11p15.1 
(rs75715012). We tested these loci for replication in independent samples of European-American (n = 4,402) and African-American (n = 
908) participants of the Atherosclerosis Risk in Communities study. There was no replication among the European Americans; however, 
the TSNAX-DISC1 locus replicated in the African-American sample (rs149133391, minor allele frequency = 0.02, P = 9.1 × 10-3), while the 
1q22 locus was directionally concordant and nominally significant (rs13373934, P = 4.0 × 10-2). This discovery GWAS of interproximal 
clinical attachment level—a measure of lifetime periodontal tissue destruction—was conducted in a large, community-based sample 
of Hispanic/Latinos. It identified a genome-wide significant locus that was independently replicated in an African-American population. 
Identifying this genetic marker offers direction for interrogation in subsequent genomic and experimental studies of CP.

Keywords: genetics, periodontal attachment loss, genomics, epidemiology, survey and questionnaires, observational study
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Introduction
In periodontal health, the innate host defense system maintains 
homeostasis with the periodontal microbial community. This bal-
ance becomes disrupted when defects in the host immunoregula-
tory mechanisms shift the microbial community to a dysbiotic 
state (Hajishengallis 2015). Members of this highly pathogenic 
polymicrobial community operate synergistically to subvert the 
protective function of leukocytes in susceptible individuals. What 
ensues is an excessive release of proinflammatory cytokines and 
resistance to immune elimination. In this nonresolving inflamma-
tory state, chronic periodontitis (CP) is characterized as the pro-
gressive and irreversible loss of the tooth’s attachment to the 
periodontal ligament and the destruction of connective tissue and 
alveolar bone. In the National Health and Nutrition Survey (2009 
to 2012), the age-standardized prevalence of CP was 40% in non-
Hispanic white, 60% in non-Hispanic black, and 68% in Hispanic 
adults (Eke et al. 2015). Lack of knowledge on the bacterial sub-
version of immunoinflammatory mechanisms in CP pathogene-
sis leading to oral dysbiosis has directed the search for genetic 
determinants that regulate immune and inflammatory responses. 
Genetic factors play a role in the etiology of CP, as evident by the 
age- and sex-adjusted heritability estimate of 59% in periodontal 
sites with ≥2 mm of attachment loss reported in a twin study 
(Michalowicz et al. 2000).

To date, 5 genome-wide association studies (GWASs) have 
been conducted for CP in European American (Divaris et al. 
2013; Shaffer et al. 2014), German (Teumer et al. 2013), 
Japanese (Shimizu et al. 2015), and Korean populations (Hong 
et al. 2015). A variety of CP traits were examined in these 
GWASs, but no genome-wide significant loci have been identi-
fied for CP. However, several suggestive susceptibility loci 
have been reported. Encouragingly, suggestive evidence of an 
association in the chromosome 14q21 region was identified in 
3 GWASs (Divaris et al. 2013; Shaffer et al. 2014; Shimizu et al. 
2015), and the NPY locus has been reported by 2 (Divaris et al. 
2013, (Freitag-Wolf et al. 2014). Finally, a recent Chinese 
study replicated prior findings of gene-centric associations of 
CP (Rhodin et al. 2014) for the FBXO38 and AP3B2 loci 
(Shang et al. 2015). This body of evidence has been generated 
among populations of primarily European and secondarily 
Asian ancestry, with Hispanic/Latinos being underrepresented. 
To address this gap, we conducted the first GWAS of CP among 
a large community-based sample of Hispanics/Latinos in the 
United States. We sought to identify CP susceptibility loci in 
this cohort and to examine their replication in independent 
cohorts of European Americans and African Americans.

Materials and Methods

Ethics Statement

The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines guided the reporting of this 
observational human research study, which was conducted accord-
ing to the principles expressed in the Declaration of Helsinki. 
Participants provided informed consent, and the institutional 
review board at each field center approved the study protocols.

Discovery Population

The Hispanic Community Health Study / Study of Latinos 
(HCHS/SOL) is a multicenter, population-based prospective 
cohort study of individuals of Cuban, Dominican, Mexican, 
Puerto Rican, Central American, and South American ancestral 
origins. The purpose of the study, the details of the complex 
sampling design, and the implementation methods are pub-
lished (Lavange et al. 2010; Sorlie et al. 2010). In brief, from 
2008 through 2011, the HCHS/SOL investigators enrolled 
16,415 Hispanic/Latino individuals aged 18 to 74 y from ran-
domly selected households, using a stratified 2-stage area prob-
ability sample design in 4 U.S. communities: Bronx, New York; 
Chicago, Illinois; Miami, Florida; and San Diego, California.

Periodontal Assessment and CP Trait Definition (Interproximal 
Clinical Attachment Level). Eighteen dental examiners con-
ducted comprehensive periodontal examinations for partici-
pants not requiring prophylactic antibiotics. Probing pocket 
depth and recession were measured at 6 sites per tooth on all 
fully erupted teeth, excluding third molars. Clinical attachment 
level—quantified as the distance in millimeters from the 
cementoenamel junction (CEJ; a fixed, reproducible point) to 
the base of the sulcus—was determined from the sum of 2 
measurements: the distance from the free gingival margin to 
the bottom of the pocket and the distance from the free gingival 
margin to the CEJ.

The methods used to derive the CP phenotype were identi-
cal in the discovery HCHS/SOL cohort and the dental 
Atherosclerosis Risk in Communities (ARIC) replication 
cohort. A comparison of the distributions of this phenotype in 
both populations (Appendix Table 1) shows the ARIC subjects 
to be older with few retained teeth. Analyses were restricted to 
periodontal measurements made at the 4 interproximal sites—
mesiobuccal, distobuccal, mesiolingual, and distolingual. The 
rationale for selecting interproximal clinical attachment level 
(iCAL) alone, rather than measures that include probing pocket 
depth as the CP trait, is that pocket depth at a given site is a 
changeable measure and is likely to underestimate past destruc-
tive periodontal disease (Carlos et al. 1987). By contrast, iCAL 
provides a more reliable assessment of periodontal tissue 
destruction accumulated over a person’s lifetime (Albandar 
and Rams 2002), and so this CP trait is less prone to misclas-
sification bias. Because 2 earlier GWASs had defined the CP 
trait according to the case classifications of the Centers for 
Disease Control and Prevention and American Academy of 
Periodontology (Divaris et al. 2013; Teumer et al. 2013), we 
also conducted a GWAS of CP using 4 case definitions from 
the same institutions (Eke et al. 2012). However, like these pre-
vious studies, our top hits did not reach genome-wide statisti-
cal significance (Appendix Figs. 1, 2).

Genotyping, Quality Control, and Imputation

In the HCHS/SOL, DNA was extracted from blood samples 
according to standard protocols. Participants were genotyped 
on the HCHS Custom 15041502 array (Illumina Omni2.5M + 
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custom content). Quality control was conducted as described 
(Laurie et al. 2010; Conomos et al. 2016). In brief, samples 
were checked for annotated versus genetic sex discrepancies, 
gross chromosomal anomalies, missing call rates, contamina-
tions, and batch effects. Single-nucleotide polymorphism 
(SNP) quality metrics included the Illumina/LA Biomed assay 
failure indicator, missing call rates, deviation from Hardy-
Weinberg equilibrium, Mendelian errors, and duplicate sample 
discordance.

Genotypes were prephased with SHAPEIT2 (Delaneau et al. 
2012) and imputed through IMPUTE2 (Howie et al. 2012; 
Howie et al. 2009) into the 1000 Genomes phase 1 reference 
panel (1000 Genomes Project Consortium 2012). For imputed 
SNPs, we calculated the imputation quality scores “info” and 
“oevar” (ratio of observed to expected variance of imputed 
dosage) for each SNP and excluded SNPs with oevar <0.3. 
Finally, SNPs with ≤30 counts of the expected or effective 
number of copies of the minor allele were excluded from anal-
ysis. A variant’s effective number of copies is approximately 
its minor allele count and was estimated as 2 × MAF × (1 – 
MAF) × N × oevar, where MAF is the minor allele frequency, 
N is the number of participants, and oevar is set to 1 for geno-
typed variants.

Replication Population

The ARIC cohort (1987 to present) is a prospective investigation 
of atherosclerosis and cardiovascular disease (Salem et al. 1978). 
At baseline (1987 to 1989), ~4,000 individuals were enrolled in 
ARIC from each of 4 U.S. communities: Forsyth County, North 
Carolina; Jackson, Mississippi; suburban Minneapolis, 
Minnesota; and Washington County, Maryland. Participants com-
pleted baseline interviews, laboratory measurements, and clinic 
examinations. Overall, 11,478 ARIC participants were European 
American and 4,314 were African American.

At ARIC visit 4 in 1996 to 1998, a dental study was conducted 
for dentate subjects not needing prophylactic antibiotics for peri-
odontal probing. In the dental ARIC, the calibrated dental exam-
iners collected clinical measures of probing pocket depth and 
gingival recession from 6 sites for all teeth present. In both the 
HCHS/SOL and the ARIC, the clinical attachment level was 
recorded as the measurement of the position of the soft tissue in 
relation to a fixed reference point: the CEJ. The clinical attach-
ment level is determined by summing the probing pocket depth 
and the distance from the gingival margin to the CEJ. A compli-
cation can arise because of the varying position of the gingival 
margin. When the CEJ is coronal to the gingival margin or when 
the CEJ and gingival margin are at the same level, recession is 
simple to calculate. However, when the gingival margin extends 
over the CEJ toward the gingivae, there is no loss of clinical 
attachment, and recession is recorded as a negative number.

A total of 5,552 adults aged 52 to 74 y participated in  
the dental ARIC. A GWAS of moderate CP and severe CP was 
subsequently performed on 4,504 European Americans in the 
dental ARIC (Divaris et al. 2013).

GWAS Approach and Annotation. For the HCHS/SOL, we 
estimated the association of each SNP with iCAL using a 
linear mixed model regression (Conomos et al. 2016). 
Genetic models were adjusted for the fixed effects of sex, 
age, field center, cigarette use, sampling weights, genetic 
subgroup and population stratification via 5 genetic princi-
pal components representing ancestry, and the random 
effects of census block group, household, and kinship. A 
cubic root transformation was employed to account for the 
positively skewed iCAL trait so that the residuals approxi-
mated a normal distribution. A conventional P < 5 × 10-8 
criterion was used for genome-wide significance, and a P < 
5 × 10-6 threshold was used to denote suggestive association 
and to carry forward markers for functional annotation and 
replication to the ARIC study.

We used the GTEx (http://www.gtexportal.org) database to 
investigate possible regulatory expression quantitative trait 
loci in 43 tissues (GTEx Consortium 2015), including fibro-
blasts (no oral tissue–specific expression data), and the SCAN 
database (http://www/scandb.org) to examine associations 
with gene expression in lymphoblastoid cell lines of apparently 
healthy individuals of European (CEU) and African (YRI) 
ancestry (Zhang et al. 2015). Additionally, we used the National 
Cancer Institute’s LDlink (version 1.1, http://analysistools.nci.
nih.gov/LDlink/; Machiela and Chanock 2015) to identify 
SNPs correlated with the ones highlighted in this study that are 
known or predicted regulatory elements in intergenic regions 
according to RegulomeDB criteria (Boyle et al. 2012; Appendix 
Table 3).

To test the replication of the prioritized loci (P < 5 × 10-5) in 
independent samples of European American and African- 
American participants, we examined SNP estimates of associa-
tion generated by a similarly conducted GWAS analysis of 
iCAL (linear regression adjusting for study design features, 
age, sex, smoking, and 10 ancestry principal components) of 
the cube root–transformed mean iCAL. Our rationale for deter-
mining the number of tests for which to adjust in determining 
the replication P value was that the 2 ARIC replication popula-
tions (European American and African American) were inde-
pendent. Hence, analysis should correct for 5 tests within each 
study population, resulting in a P < 0.01 replication statistical 
significance threshold.

We considered replication using 3 tiers of evidence: 1) sig-
nificant association in the each ARIC replication sample after 
multiple-testing correction (Bonferroni correction accounting 
for the number of SNPs tested separately in ARIC European-
American and African-American cohorts), 2) nominal associa-
tion (P < 0.05) in the replication samples, and 3) directional 
concordance beyond what would be expected by chance alone 
(using a binomial test and a conventional P < 0.05 criterion). 
Furthermore, we explored whether the formerly reported 
region on chromosome 14 is associated with iCAL in the 
HCHS/SOL. Thus, we examined and report the association of 
2 SNPs cited by previous GWASs: rs12883458 (Divaris et al. 
2013) and rs3783412 (Shaffer et al. 2014).

http://analysistools.nci.nih.gov/LDlink/
http://analysistools.nci.nih.gov/LDlink/
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Results
Within the genotyped HCHS/SOL popu-
lation, 1,806 study participants with 
missing or incomplete periodontal infor-
mation were excluded from analyses, 
along with 62 who had missing informa-
tion on cigarette use or genetic subgroup 
covariate, leaving 10,935 participants in 
the sample (mean age: 45 y; range: 18 to 
76 y). There were 253 European-
American and 4 African-American 
ARIC participants excluded due to miss-
ing covariates, resulting in a replication 
analytic sample including 4,402 subjects 
(mean age: 63; range: 53 to 74 y) and 
908 subjects (mean age: 61; range: 52 to 
74 y), respectively.

Approximately 20 million genotyped 
and imputed SNPs passed quality con-
trol filters and were included in the dis-
covery GWAS. The genomic inflation factor regarding 
genotyped and imputed SNPs was low (λ = 0.990), and the 
quantile-quantile plot (Appendix Fig. 3) suggested virtually no 
residual population stratification. Only 1 locus in the 1q42.2 
region (Fig. 1; lead SNP: rs149133391, MAF = 0.01; P = 7.9 × 
10-9) demonstrated evidence of genome-wide statistically sig-
nificant association. We found 4 loci showing suggestive evi-
dence (P < 5 × 10-6) of association (Table 1): 11p15.1 (lead 
SNP: rs75715012, MAF = 0.09, P = 1.1 × 10-7), 5p15.33 (lead 
SNP: rs186066047, MAF = 0.003, P = 1.7 × 10-7), 6p22.3 (lead 
SNP: rs10456847, MAF = 0.33, P = 2.6 × 10-7), and 1q22 (lead 
SNP: rs79308117, intronic to ASH1L, MAF = 0.005, P = 2.9 × 
10-7). All these SNPs were imputed with high quality (oevar 
≥0.93). In Appendix Table 2, we provide additional functional 
annotation information for SNPs, highlighting these loci and 
proxy SNPs, along with supplemental annotation (http://
genomewide.net/public/hchs_sol/periodontitis/meanALi/
SOL_meanALi_topSNP_annotation.xlsx).

We examined the “top SNP” in each of the 5 loci (Fig. 2) for 
replication among the ARIC European-American and African- 
American samples using a P < 0.01 association threshold for 
replication in each sample. We found no evidence of replica-
tion among European Americans, wherein 2 of the 5 SNPs 
(rs13373934 and rs186066047) were actually monomorphic. 
The genome-wide significant TSNAX-DISC1 locus in 1q42.2, 
which has a high imputation score in the HCHS/SOL, was rep-
licated in the African-American sample (rs14913 3391: P = 9.1 
× 10-3; see regional association plot, Appendix Fig. 4), although 
this SNP had low imputation quality score (0.44). A direction-
ally consistent and nominally significant association was found 
for the 1q22 locus (rs13 373934: P = 4.0 × 10-2). Both SNPs 
reported by Divaris et al. (2013) and Shaffer et al. (2014) 
showed no evidence of association with iCAL (rs12883458:  
P = 0.12, rs3783412: P = 0.76). Given the low MAF of the lead 
SNP, we found limited evidence of genetic association for CP 
in this GWAS in the HCHS/SOL.

The 5 loci from the HCHS/SOL discovery cohort are 
reported in Table 2, and estimates of association with iCAL 
and SNP information among the ARIC European-American 
and African- American samples for these top 5 loci are reported 
in Table 3.

Discussion
In this first GWAS of CP in a Hispanic/Latino population, we 
found 1 locus (in the region of TSNAX-DISC1) with a genome-
wide significant association signal and 4 others with sugges-
tive evidence of association. The genome-wide significant 
association with iCAL as the CP trait was replicated among a 
community-based sample of African-American adults. However, 
the lead SNP had a low MAF (1% in the discovery sample and 
2% in the replication sample) and a low imputation score in the 
African Americans. We found no evidence of replication to 
European Americans, which had an even lower MAF (0.004) 
than that in the HCHS/SOL. These findings offer novel insights 
into potential genetic influences on CP among a traditionally 
understudied segment of the population.

The region of TSNAX-DISC1 marked the only genome-wide 
significant locus in this study—one that was significantly asso-
ciated with iCAL in the independent African-American sample. 
Of note, according to currently available information on the 
National Center for Biotechnology Information Entrez-Gene 
database, TSNAX-DISC1 encodes a nonsense-mediated mRNA 
decay candidate and is unlikely to make a functional protein. 
ASH1L—or (absent, small, or homeotic)-like (Drosophila)—
encodes a member of the trithorax group of transcriptional acti-
vators. It is possible that polymorphisms in these loci may have 
some unknown functional or regulatory role. In fact, both 
TSNAX-DISC1 and ASH1L loci had SNPs in linkage disequi-
librium (LD) with known or predicted functional roles. 
Nevertheless, the SNPs marking these loci had low minor allele 
frequencies; the former had low imputation quality in African 

Figure 1. Manhattan plot presenting the genome-wide association study results of chronic 
periodontitis (mean interproximal attachment level) in the HCHS/SOL study (n = 10,935) with 
SNP P values ordered by chromosomal position. The higher dashed line illustrates the genome-
wide significance threshold (P = 5 x 10-8) and the lower dashed line denotes a line of suggestive 
association.
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Americans; and currently, no mechanistic evidence exists to 
support a functional role of these candidates.

The 5 markers identified in this study were mostly of low 
MAF; 2 are rare variants (MAF <0.01), and 1 is a low-frequency 
variant (MAF: 0.01 to 0.05). This is not surprising given that 
rare variants constitute the majority of polymorphic sites asso-
ciated with complex traits in human populations (International 
HapMap 3 Consortium 2010; Marth et al. 2011; 1000 Genomes 
Project Consortium 2012). This means that these markers 
account for only a very small proportion of the risk for iCAL. 
Increasingly, studies of complex traits are finding that multi-
ple, rare, and low-frequency variants independently yet col-
lectively contribute to risk for the trait (for review, see 
Panoutsopoulou et al. 2013). Future genetic studies of CP will 
employ fine-mapping and functional annotation techniques to 
investigate the reported markers and other variants in strong 
LD with them.

In the search for candidate genes for CP in European and 
non-European ancestry groups, polymorphisms of the interleu-
kin 1 cytokine family of gene variants, as well as interleukin 6 
and tumor necrosis factor α genes, have been most extensively 
studied (Nikolopoulos et al. 2008; Karimbux et al. 2012; Wu  
et al. 2015). None of these candidate genes has been replicated 
by subsequent agnostic GWASs, including this present study.

For the significant as well as suggestive genomic regions, 
we acknowledge that these are almost assuredly markers of 
causal variation and not causal variants themselves. They may 
or may not represent genetic variation in a specific gene in 
that region. Although there may be some promising candidate 
genes in those regions, we do not know whether the signifi-
cant “hits” are associated with that gene, regulate the expres-
sion of other distant genes, or represent neither of these 
possibilities.

This report is based on sizable study populations of well-
characterized, community-dwelling participants, which is a 
rare instance in genetic epidemiologic studies of oral health. 

Nevertheless, even larger studies and consortia pooling avail-
able samples will be required to efficiently interrogate low-
frequency variants and examine the generalization of the novel 
candidate loci across ancestral groups. Some promising results 
have already emerged from collaborative work in the Gene 
Lifestyle Interactions and Dental Endpoint Consortium, which 
recently reported on a Mendelian randomization study of the 
association between adiposity and CP (Shungin et al. 2015). 
Another promising approach into the genomic underpinning of 
CP is likely to be realized via a combined “deepening” of peri-
odontal phenotypes with enrichment of biological intermedi-
ates paired with high-quality genotype and periodontal 
phenotype information (Offenbacher et al. 2016).

The evidence of replication in this report should be viewed 
with caution. First, the winner’s curse phenomenon is likely 
omnipresent in GWASs exploring relatively new traits 
(Lohmueller et al. 2003).

Second, the generalizability of loci across racial groups 
should be done with generally modest expectations. For exam-
ple, only 8% of adult height loci transferred from European 
ancestry discovery to an independent African-American sample 
(Shriner et al. 2009), but this proportion increased to >70% 
when SNPs in LD with the genome-wide significant SNPs were 
considered. Yet, populations of African ancestry are character-
ized by reduced LD as compared with Europeans (Shriner et al. 
2009), and this offers a potential advantage in efforts to fine-
map replicated GWAS signals. It is noteworthy that 4 of 5 loci 
were directionally consistent in the ARIC African-American 
sample. Nevertheless, these findings were based on a sample 
size of <1,000 (n = 908). The top SNPs in 2 loci on chromo-
some 1 (1q22 and 1q42.2) that showed some evidence of repli-
cation in African Americans were low frequency (≤1% in 
HCHS and ≤3% in ARIC), and the lead marker of the formally 
replicated locus (rs149133391) had low imputation quality in 
ARIC. The HCHS/SOL discovery cohort and the ARIC replica-
tion cohort differ in their age distribution. Consequently, since 

Table 1. Genomic and Functional Context of Top SNPs in Loci with P < 5 × 10-6 for Association with Chronic Periodontitis in the HCHS/SOL Study 
(N = 10,935).

Allele  

Region SNP Chr Positiona Gene (Role) or Nearest Gene Coded Minor MAF b (SE)b Oevarc P Value

1q42.2 rs149133391 1: 231580785 TSNAX-DISC1 (intron) T C 0.011 –0.139 (0.024) 0.94 7.9 × 10-9

11p15.1 rs75715012 11: 21627604 NELL1 G A 0.089 0.045 (0.008) >0.99 1.1 × 10-7

5p15.33 rs186066047 5: 3875660 IRX1; LINC01017; LINC01019 G A 0.003 0.225 (0.043) 0.93 1.7 × 10-7

6p22.3 rs10456847d 6: 18954940 LOC645157; RNF144B C G 0.330 –0.026 (0.005) >0.99 2.6 × 10-7

1q22 rs79308117e 1: 155509388 ASH1L (intron) A C 0.005 0.178 (0.035) >0.99 2.8 × 10-7

Chronic periodontitis: mean interproximal attachment loss continuous trait.
Chr, chromosomal; HCHS/SOL, Hispanic Community Health Study / Study of Latinos; MAF, minor allele frequency; SNP, single-nucleotide 
polymorphism.
aChromosome positions are based on GRCh38.p2 annotation release 107.
bPer minor allele effect size based on the linear mixed additive genetic model; standard error in parentheses.
cImputation quality metric based on the ratio of observed to expected variance of imputed dosage.
dPredicted as an expression quantitative trait locus in the SCAN database: RAB37 (CEU) P = 7 × 10-5; FSCN1 (YRI) P = 10-4. SNP in linkage 
disequilibrium with rs1334772 (P = 1.1 × 10-6): D′ = 0.94, r2 = 0.837 and rs1891657 (P = 3.6 × 10-6): D′ = 0.89, r2 = 0.746.
eSNP in linkage disequilibrium with rs13373934 (P = 4.5 × 10-7): D′ = 1.0, r2 = 1.000 is a missense intron variant of ASH1L. Ser→Pro change, predicted 
to be “benign” by PolyPhen-2 with HumDiv score 0.107 (sensitivity: 0.93, specificity: 0.86).
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Figure 2. Regional association plots generated with LocusZoom illustrating the five loci with the strongest (P < 5 x 10-6) association signals in the 
GWAS of chronic periodontitis in the HCHS/SOL cohort (n = 10,935). The left vertical axis corresponds to –log

10
 (P values) and the right vertical axis 

corresponds to recombination rates obtained by the AMR (admixed American) super-population of 1000 genomes via LocusZoom. Each circle depicts 
a SNP tested for association with chronic periodontitis in the HCHS/SOL. The position on the X-axis corresponds to genomic position, and the 
position on the Y-axis corresponds to each SNP’s –log

10
(P values). The top, or “lead”, SNP is colored in purple, while other variants are color-coded 

by their r2, a measure of LD, with the lead SNP. Gray circles are presented when LD information was unavailable for some SNPs. Regions flanking 
250Kb each top SNP are presented. The horizontal gray line marks the genome-wide significance level 5 x 10-8.
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iCAL increases over time, the trait distribution also differs 
between the studies. However, this difference should not lead to 
confounding bias, since age is not associated with genetic vari-
ants; rather, it may lead to lower power in the discovery stage.

In summary, this GWAS of a CP trait (iCAL) was conducted 
in a community-based study population of Hispanic/Latinos, 
and it identified a genome-wide significant locus that was asso-
ciated with iCAL among an independent community-based 
African-American cohort. Although this SNP has not been 
mechanistically validated as a causal variant, these findings 
provide initial insights into several promising candidate loci for 
interrogation by additional genomic and experimental studies.
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Table 2. Estimates of Association with Chronic Periodontitis and SNP Information (P < 5 × 10-6) from the HCHS/SOL Discovery Cohort.

HCHS/SOL (N = 10,935)a

Region SNP g/ib b P Value MAF
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6p22.3 rs10456847 i –0.026 2.6 × 10-7 G, 0.330
11p15.1 rs75715012 i 0.045 1.1 × 10-7 A, 0.089

Chronic periodontitis: mean interproximal attachment loss continuous trait.
HCHS/SOL, Hispanic Community Health Study / Study of Latinos; MAF, minor allele frequency; SNP, single-nucleotide polymorphism.
aResults based on linear mixed modeling of mean interproximal attachment loss (cubic root transformation) adjusting for 5 ancestry principal 
components, genetic subgroup, log sampling weight, relatedness including residence/household, age, sex, examination center, and smoking (never/
former/current).
bGenotyped or imputed SNP. Imputation quality metric based on the observed to expected dosage variance ratio after imputation.

Table 3. Estimates of Association with Chronic Periodontitis and SNP Information among the ARIC European-American and African-American 
Samples for the 5 Loci Prioritized (P < 5 × 10-6) from the HCHS/SOL Discovery.

European American (n = 4,402)a African American (n = 908)a

Region SNP g/ib b P Value MAF Oevarc g/ib b P Value MAF Oevarc

1q22 rs13373934 i Monod i 0.049 4.0 × 10-2 G, 0.029 0.969
1q42.2 rs149133391 i 0.040 3.2 × 10-1 C, 0.004 0.595 i –0.124 9.1 × 10-3 C, 0.019 0.444
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11p15.1 rs75715012 i –0.001 9.0 × 10-1 A, 0.099 0.988 i –0.001 9.6 × 10-1 A, 0.148 0.943

Chronic periodontitis: mean interproximal attachment loss continuous trait.
ARIC, Atherosclerosis Risk in Communities; HCHS/SOL, Hispanic Community Health Study / Study of Latinos; MAF, minor allele frequency; SNP, 
single-nucleotide polymorphism.
aResults based on linear regression modeling of mean interproximal attachment loss (cubic root transformation) adjusting for 10 ancestry principal 
components, age, sex, examination center, and smoking (never/former/current); the analytic sample numbers reflect the exclusion of 253 European-
American and 4 African-American ARIC participants due to missing covariates.
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cImputation quality metric based on the observed to expected dosage variance ratio after imputation.
dMonomorphic.
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