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Abstract
Background—Reports from studies of twins, disease aggregation in families, animal models for
periodontal disease, and various genetic-analysis studies have determined that genetics plays a role
in the susceptibility to periodontal disease. The purpose of this pilot study was to evaluate the
effect of genetics on periodontal disease by evaluating the heritability of alveolar bone loss in a
captive baboon population.

Methods—A collection of baboon skulls from a pedigreed colony (for which scientists and
veterinarians maintain complete genealogical and veterinary records) were obtained from the
Southwest National Primate Research Center and used in this pilot study. Measurements of
alveolar bone loss were performed on 390 dry baboon skulls. A periodontal probe was used to
measure alveolar bone loss. Maximum likelihood methods (designed to handle complex
genealogies) were used to determine the heritability of alveolar bone loss. This software utilized
known pedigrees in the captive baboon sample and tested the relationship between pairwise
kinship and alveolar bone loss data to determine the heritability of alveolar bone loss from
periodontal disease.

Results—Genetic data were available for 347 of the 390 specimens. Using age and sex as
covariates, genetic analysis indicated a heritability of 35% (standard error=20%, p=0.01). While
sex was not a significant factor in periodontal disease (p=0.96), age was highly significantly
associated with periodontal disease (p<0.0001).

Conclusion—In this pilot study, analysis of alveolar bone loss measurements from captive
baboons indicates that bone loss increases with age and that a portion of periodontal disease risk
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may be due to genetic variance. These findings provide evidence that periodontal disease is
heritable in captive baboons and indicate that a larger, more-detailed study is warranted.
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Introduction
Chronic periodontal disease has been reported to affect 48% of adults in the United States.1

Periodontal disease is primarily caused by microorganisms in the bacterial plaque, which
accumulates on tooth surfaces. Bacteria and their byproducts cause a host immune response
- resulting in inflammation of tooth supporting structures with resultant attachment and bone
loss. Many different factors (including microbial, environmental, behavioral, and systemic)
may play roles in determining the risk for periodontal disease.2 Variation in the host
response to bacterial challenge explains why some people develop disease and others do not.
In a study of the natural history of periodontal disease in humans, it was found that disease
susceptibility in Sri Lankan tea workers with poor oral hygiene and little or no access to
dental care was different from that of other groups.3 Disease variation was thought to be due
either to an unrecognized environmental factor or to genetic susceptibility to periodontal
disease.

Genetic variants have been shown to play a significant role in the susceptibility to
periodontal disease. There are many reports in the literature on familial aggregation of early-
onset forms of periodontitis which are now referred to as aggressive periodontitis. The
current theory on the genetics of aggressive periodontitis is that prepubertal periodontitis,
localized aggressive periodontitis, and generalized aggressive periodontitis are most likely
due to a major gene locus transmitted in an autosomal manner.4 Twin studies have been
valuable in studying genetics in periodontal disease. A study of 4908 twin pairs concluded
that heritable factors were important in the reported periodontal health.5 Estimates were also
made of the genetic and environmental variances and heritabilities for gingivitis and chronic
periodontitis in 117 adult twin pairs.6 Although there was no evidence for heritability for
gingivitis, chronic periodontitis was estimated to have approximately 50% heritability.
Many studies have evaluated associations of genetic polymorphisms with periodontal
disease, and it was reported that a specific genotype of the polymorphic IL-1 gene cluster
was associated with the severity of periodontitis in non-smokers and distinguished
individuals with severe periodontitis from those with mild disease.7 The additive effect of
multiple genes may be a determinant of disease susceptibility in chronic periodontitis. The
current models of complex diseases, such as chronic periodontitis, suggest that 5 to 10
different genes may be important determinants of susceptibility. These diseases may result
from the combined effect of multiple functional genetic polymorphisms interacting with
each other and with environmental factors.8

Over 30 years ago, baboons were investigated as a possible model for studying periodontal
disease in humans and several observations were made.9 The periodontal disease
presentation in baboons was strikingly similar, both histologically and clinically, to that in
humans. The pattern of disease was similar with horizontal and vertical osseous defects,
clinical pocket formation with severe gingival inflammation, and bilateral furcation
involvement on the posterior teeth. Young and middle-aged baboons had generalized plaque
and calculus accumulations. The animals of the population had been captive for various
lengths of time and both captive and recently, wild-caught baboons had similar amounts of
disease. Although baboons are large-bodied, terrestrial omnivores adapted to a wide range of
environmental habitats from semi-desert to woodland and require large amounts of food,
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they have long lives (up to 30 years or more in captivity) and similar patterns of dental
diseases to humans.9,10 In one study, periodontal examinations were performed on 116
baboons and significant increases with age were found in mean probing depths and mean
attachment levels, with the conclusion being that the baboon may be a suitable model for
studies of human periodontal disease.10

Baboons also provide a model for genetic studies because for common diseases they exhibit
the same physiological characteristics as humans. A genetic similarity exists between
baboons and humans that is evident at the level of overall DNA sequence, the sequences of
specific genes, and the arrangement of genetic loci on chromosomes.11

The purpose of this pilot study was to test the hypothesis that genetic differences among
individual baboons are partly responsible for individual differences in susceptibility to
periodontal disease. This hypothesis was tested by means of a quantitative genetic analysis
of alveolar bone loss in a captive baboon population and would determine if a more detailed
study of a larger sample would be warranted.

Materials and Methods
The Southwest Foundation for Biomedical Research12 is the site of the Southwest National
Primate Research Center and the world's largest colony of baboons for biomedical research.
Approximately 1,200 living baboons are part of a pedigreed colony for which the
researchers and veterinarians have maintained demographic, genealogical, and clinical
veterinary records. This invaluable information allows researchers to conduct various types
of genetic analyses, including estimation of heritability (proportion of variation attributable
to genes) of phenotypes related to numerous common human diseases. The animals are
housed in small social groups consisting of one breeding male, multiple breeding females,
and their offspring. This results in the inclusion of large numbers of half-sibships in the
pedigree, and this minimizes the genotype-environment covariance in the population. The
pedigree is several generations deep, and this results in a wide range of degrees of
relatedness among individuals within and among generations. After necropsy, baboon heads
are collected and sent to Washington University School of Medicine where they are
macerated and curated.

For this pilot study, the mandibular right first and second molars of 390 dry baboon skulls
were chosen as the sites for estimating periodontal disease severity. A Williams periodontal
probe was used to measure alveolar bone loss at the distobuccal regions of tooth numbers 30
and 31. The probe was held at an angle parallel to the long axis of the tooth against the
buccal side of the interproximal contact and the distance from the cementoenamel junction
(CEJ) to the alveolar crest was measured to the nearest millimeter. Interdental osseous
defects were measured by orienting the probe against the buccal side of the interproximal
contact to the centermost deepest extent of the defect (Figure 1). Osseous interdental defects
were chosen because they were the most consistent among specimens while buccal alveolar
bone loss was inconsistent due to thin facial bone and frequently, but not always, large facial
dehiscences.

Measurements were recorded by a person other than the single examiner who measured all
specimens. Reliability was determined from repeat measurements of ten skulls.
Measurement reliability was assessed with an analysis of variance [ANOVA] and a variance
of components analysis, which were performed with statistical analysis software#.

#JMP, SAS Inc, Cary, NC
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For this study, the severity of clinical attachment loss was characterized in the same way as
in humans: severe = 5 mm or greater; moderate = 3 to 4 mm; and slight = 1 to 2 mm.
Because bone loss was evaluated on dry skulls devoid of soft tissue, 2 mm was added to
each disease severity category to account for the biologic width. The biologic width is
defined as the dimension of the junctional epithelium and connective tissue attachment
which was determined to be approximately 2 mm.13 Severe periodontal disease was
classified as alveolar bone crest (ABC) to CEJ distances of 7 mm and greater. Moderate
periodontal disease was classified as ABC-CEJ distances of 5 to 6 mm. Slight periodontal
disease was classified as ABC-CEJ distances of 3 to 4 mm. No disease was classified as
ABC-CEJ distances of 1 to 2 mm.

Statistical Analysis
Each baboon was categorized according to the extent of disease and assigned a code from −2
to 1. Specimens with no disease were categorized as −2, while slight, moderate, and severe
periodontal disease groups corresponded to groups −1, 0, and 1, respectively. For the genetic
analysis, baboons with scores of −2 and −1 (ABC-CEJ distances of 1 to 4 mm) were
combined as were baboons with scores of 0 and 1 (ABC-CEJ distances of 5 to ≥7 mm). Age
distributions for the two periodontal disease groups were tested for normality using the
Shapiro-Wilk W test, and means and 95% confidence intervals were calculated.

Quantitative Genetic Analysis
Quantitative genetic analysis of the categorical alveolar loss data was implemented using the
SOLAR** (Sequential Oligogenic Linkage Analysis Routines) suite of computer
programs.14 SOLAR uses maximum likelihood methods and a variance decomposition
approach to handle complex genealogies. The program estimates additive genetic (σ2

G) and
environmental (σ2

E) components of phenotypic variance (σ2
P). The model underlying the

maximum likelihood framework writes the phenotypic covariance matrix among individuals
in a pedigree (Ω) as Ω = 2Θ σ2

G + I σ2
E, where Θ is the kinship matrix and I is an identity

matrix of the same dimensions of Θ and Ω. Narrow-sense heritability (h2) was estimated as
the proportion of σ2

P accounted for by σ2
G. The analysis of the categorical alveolar bone

loss data used a liability threshold model that treats the discrete states of the alveolar bone
loss data as being a function of an individual’s score on a latent continuous liability variable,
with expression or non-expression of a given character state being the result of whether or
not an individual’s score on the liability scale exceeds a threshold.15

The effects of potentially confounding covariates of sex, age, and a sex by age interaction
were tested and controlled for when found to be significant at the p < 0.10 level. The
significance of the effects of covariates was assessed through likelihood ratio tests
comparing the estimated likelihoods of models that contained the effects of the covariates
and those that did not. For this analysis, baboons were dichotomized into those with no or
slight periodontal disease (scores of −2 or −1) and those with moderate or severe periodontal
disease (scores of 0 or 1).

Results
Examinations were performed on 390 baboon skulls. The average age at death was 18.9
years. The age range was 2.9 to 33.7 years. The oldest male was 27.0 years and the oldest
female was 33.7 years. Two teeth were measured in each specimen for a total of 780 teeth.
The goal for reliability was to have greater than 90% of variance in the measurements to

**Southwest Foundation for Biomedical Research, San Antonio, TX
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occur among baboon skull specimens. Greater than 99% of the variance was due to variance
among animals, so measurements were repeatable.

Females had slight to moderate periodontal disease with an average score of −0.5. Males had
no disease to slight periodontal disease with an average score of −1.5. Age distributions
were normal for the two periodontal disease groups (Shapiro-Wilk W test, p>0.05). Mean
age for the no and slight disease groups was 214.3 months (95% confidence limits 206.54 to
222.05). The mean age of the moderate and severe periodontal disease groups was 282.8
months (95% confidence limits 269.1 to 296.4). (Figure 2) (Table 1)

Three hundred and forty-seven of 390 specimens were part of the baboon pedigree and used
for quantitative genetic analysis. Alveolar bone loss was significantly heritable (h2 = 0.35,
std. error = 0.2, p = 0.012) indicating that individual differences in the extent of periodontal
disease are heritable. Age had a significant effect on individual differences in the
phenotypes (p = 0.002, Kullback-Leibner R2 = 0.15) while sex (p = 1.0) and the sex by age
interaction (p = 0.62) did not have significant effects on alveolar bone loss. As a result, age
was retained as a covariate in the final analysis. This means that in the final genetic analysis,
the level of periodontal disease for individual animals was determined relative to animals of
the same age.

Discussion
The captive baboon model is unique because of the high degree of control over the animals
in a captive colony. The diet and environment of the baboons are tightly controlled. The
baboons all eat the same food, do not take any medication, and live in the same type of
enclosure. They perform no personal oral hygiene and are not exposed to cigarette smoke,
alcohol, or other substances that may complicate similar studies in humans.

Consistent with previous findings,10 gender was not associated with periodontal disease in
this baboon population. Females had slightly elevated levels of disease and were older
compared with males, but gender was not significant after adjusting for age. The number of
females and males in the baboon sample was not equal; there were 2.5 times the number of
females as males because of the way that the breeding population is managed. In humans,
gender differences are thought to be due to fewer preventive practices, poorer oral hygiene,
and a less positive attitude toward oral health in males.16 In this baboon study, these factors
were not present.

In our study, age was significantly associated with periodontal disease. In an earlier study of
baboons from a large population, periodontal disease was a consistent finding in older
animals and rare in young animals.9 The effect of age may simply be that older individuals
have been exposed longer to destructive processes such as plaque-induced periodontitis and
trauma, which have cumulative effects on attachment loss. Among humans, age has been
found to be a determinant/background factor for periodontitis and not a risk factor.17 In
humans, an odds ratio of 20.52 for periodontitis was reported in individuals with poor oral
hygiene and an odds ratio of 1.24 for age; this indicates that age has a small effect compared
with plaque control.18 As baboons do not have oral-hygiene practices, age may be a more
significant risk factor in baboons as most aged baboons had periodontal disease in our
sample.

The heritability estimate obtained in this study compares well with several other studies in
humans, for which heritability estimates ranged from 14–50%. In a study of twins, it was
determined that half of the variance in disease was due to genetics.6 Similar results were
found in a Swedish twin study for which heritability was 33% in males and 39% in females,
with non-shared environmental factors, such as smoking, accounting for the remaining
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variation.19 A major portion of antibody to periodontitis-associated bacteria is of the IgG2
subclass. The heritability of IgG2 levels was estimated to be 38% in a study of aggressive-
periodontitis patients in 60 families.20 A recent study used quantitative measures of
periodontitis in a sample of 373 aggressive-periodontitis patients and 237 periodontally-
healthy subjects and reported that heritabilities ranged from 13.7% to 30.0% with the highest
values obtained for the first molars.21

Although this study utilized a baboon model, it substantiates previous studies that have
reported a significant genetic contribution to the pathogenesis of periodontal disease.
Periodontal disease is a multifactorial disease influenced by the variation in multiple genes
and their interactions with multiple environmental factors. Determining which genes are
involved is no easy task, in that many genes with small effects are likely to be involved. One
of the most useful and powerful methods that may identify suspect genes involves gene
mapping. With an increase in sample size, it will be possible to map genes affecting
periodontal disease in this population. Approximately 900 of the animals from the pedigreed
part of the colony have been scored for a genome-wide panel of microsatellite marker loci.
Once such variants have been discovered, researchers can learn much more about the origins
of illnesses and about ways to prevent, diagnose, and treat those illnesses. Medical
treatments could be customized, based on a patient's genetic make-up, to maximize
effectiveness and minimize side effects. Genetic variants contributing to resistance to
disease could be identified, leading to new therapies with widespread benefits.

This was a pilot study to determine whether or not a larger more comprehensive study would
be warranted. A limitation of the study is that only two site measurements were used to
estimate full-mouth bone loss. Although it has been demonstrated that linear measurements
of alveolar bone loss of posterior teeth account for up to 90% of variation that occurs in full-
mouth bone loss measures,22 bone loss patterns in the mandibular right molar area of
baboons mandibles may be independent of bone loss patterns of the entire baboon dentition
and inappropriate for assessments of periodontal-disease heritability. Detailed analyses of
full–mouth, bone-loss measurements and assessments of computed tomography (CT) images
are needed on a large number of baboon skulls (~900 skulls and CT images are archived at
Washington University School of Medicine) to validate the results of our current study.

This pilot study found that approximately 35% of the variance in periodontal disease was
heritable in a captive baboon population. Periodontal disease was highly associated with
age, as nearly all older animals were affected with periodontitis. A more detailed study of a
larger sample of skulls is warranted.
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Figure 1. Measurement of interdental osseous defects
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Figure 2. Age distribution for the two groups
The horizontal lines across the diamonds represent the group means, and the vertical spans
of the diamonds represent 95% confidence intervals. The horizontal spans of the diamonds
are proportional to the sample sizes of the groups.
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